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TWO-BODY ERROR ANALYSIS PROGRAM

Daniel P, Muhonen

ABSTRACT

The Two-Body Error Analysis Program is a rapid computer
program designed to evaluate the resulting state vector and
covariance matrix for an orbiter after one coast and one burn
maneuver, After the burn, histograms are computed for the
orbital elements and other state dependent variables, includ-
ing delta-velocity corrections necessary to attain a prescribed
orbit.

The program is coded in FORTT AN IV for the IBM 360/95

computer. This document contains both a user's guide and a
complete description of the analysis.
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SUMMARY

Initial conditions for this program include a state vector and
covariance matrix for an orbiter, together with constant thrust
vector and thrusting errors. The program will compute the
resulting state vector and covariance matrix after one coast
and one burn maneuver, In addition histograms are computed
after the burn for orbitul elements and othe.' state-dependent
variables, including ae¢''a-velocity corrections necessary to
attain n prescribed orbit. A two-body central force field is
assumed throughout. To increase the flexibility of the program,
an input option is included which will divide the burn time into
a number of sub-intervals. This will reduce numerical trunca-
tion errors for long burn maneuvers, and it enables the user

to program variable thrust vector and thrusting errors as step
functiors through the burn. The histograms are printed on the
output printer in both graphical and numerical form.
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TWO-BODY ERROR ANALYSIS PROGRAM

INTRODUCTION

The two-body error analysis program propagates a state vector and covariance
matrix for an orbiter through coast and burn maneuvers. Histograms of the
final orbital elements and other state-dependent variables are evaluated by a
Monte-Carlo procedure. Provision is included for calculating a histogram of
the delta-velocity required to effect prescribed semi-major axis, eccentricity,

and inclination (optional).
RESTRICTIONS

Installation

System and Configuration
Source Language
Subroutines Required

Functions Required

Storage Required
Common Storage Required
Input Range and Limitations

Output Range, Limitations, and
Accuracy

Running Time

GSFC
IBM 360/95
FORTRAN IV

MTXPR, GAUSS, RANDU, EIGEN,
BURNST, PARTAL, POWERX,
MTRPLY, TWOBDY, CONVET,
MTRX, TAB1, CROSS, ORB, TCONIC,
HISTO, DELVS

NSAMP, BARN1, DOT, ARKTNS,
FNORM

400 K BYTES TOTAL
None

Monte-Carlo sample size < 10,000,
number of histogram intervals < 50

Calculations in double precision; two-
body force field; linear error propa-
gation; normal distribution of the
Cartesian state vector; burn errors
uncorrelated.

0.25 minutes should be allowed per
1000 Monte Carlo sample vectors



INPUTS/OUTPUTS

Remarks

All input is in card form described in Table 1. Initial state vector, covariance
matrix, coast time (can be zero), burn time (can be zero), weight, weight loss,
thrust vector, thrust errors, and histogram information can be input. A sample
input case is given in Figure 1, and the corresponding printer output is included
under Figure 2. All output is in units of kilometers, kilograms, seconds, and
degrees, unless stated otherwise., Histograms of the following state-dependent
parameters, after burn, can be printed:

1. Eccentricity

2. Semi-major axis

3. Inclination

4. Longitude of ascending node

5. Argument of periapsis

6. True anomaly

7. Periapsis radius

8. Apoapsis radius

9. Delta velocity to attain a given semi-major axis, eccentricity, and

inclination (optional).

IMPLEMENTATION
Remarks

The program is available on tape with the source and the object on separate
files.

I/O Logical Unit Assignments

FORTRAN
Logical Unit Device Type Use Space Required
5 Reader Input -
6 Printer Output

Control Cards or Language

Included with the sample input (see Figure 1)



Table 1
Input Card Formats

Any number of 1nput cases can be stacked; each case must include the following
cards:

Card No. 1 ... Titie for output, alphanumeric, columns 1-80,
Card No. 2 ... Namelist name, & TBDATA, columns 2-8,

The remaining data is in namelist format, i.e., Parameter = ....,....,....,
columns 2-72. The following parameters can be input; if they are not, either
default values or previous stacked-case values are assumed,

— e —

—

B S - — e e e —

Parameter | Dimension | Default Value Description

DTCI 1 0. Coas* time interval (sec.)

DTBI 1 0, Total burn time interval (sec.)

NBURN 1 1 Number of computation incre-
ments in burn interval (see
method),

WI 1 0. Initial weight (1b.)

WCI 1 0. Total weight increase during |
burn (1b.) (generally negative) |

PITCHI 1 0. Initial nominal pitch during burn
(deg.)

YAWI 1 0. Initial nominal yaw during burn
(deg.)

THRUSI 1 0. Nominal thrust during burn (1b.)

ZDELT 1 0. Uncertainty for Monte-Carlo

sample size (used only if
1 < NCONF =< 6)

NCONF 1 0 = 0 implies no histograms
generated

= 1 implies confidence level =.9

= 2 impi1ics c.midence level =
.95

= 3 implies confidence level =
98




ey

Parameter [ Dimension

NCONF
(cont,)

AS

ES

AlS

SIGBI

IHIST

1

Table 1 (continued)

Default Value

0

1,2,3,4,5,6

4

P e —

Description

= 4 implies confidence level
.99

= 5 implies confidence level
995

= 6 implies confidence level
998

> 6 implies sample size =
NCONF

I

= 0 implies no delta-velocity
histogram computed

> 0 implies delta-velocity
histogram computed to

attain semi-major axis = AS,

Delta-velocity histogram com-
puted to attain eccentricity =
ES.

< 0 implies delta-velocity
histogram includes no incli-
nation changes,

> 0 implies delta-velocity
computed to attain inclina-
tion = AIS.

Thrust error o, (1b.),
Pitch error o (deg.),
Yaw error o " (deg.)

Flags to indicate which histo-
grams are desired.

Computations are provided for
nine state dependent param-
eters, and up to six of these

can be chosen for histograms.

The i ™ value of IHIST im-
plies that the i™ histogram
will be as follows: IHIST (i)

e —

R—




Parameter

IHIST
(cont,)

ZUB

XII

PII

IPCOOR

4

|
6

(3, 6)

21

Dimension

—

b

Default Value

Table 1 (continued)

1o203o4.5,63"

l
|
|
|
|
|
|
|
|

ZUB(1,i)=0. |
ZUB(2,i) =50.

ZUB(3,i) = 0.

0.,0.,0.,0.,0.,0.

0.,0.,...

Description
. not printed

. eccentricity

. Ssemi-major axis

. inclination

longitude of ascending

|
-

i
- W

node
. . argument of periapsis
. true anomaly

. periapsis radius

. apoapsis radius

. delta velocity

i
oS¢

=9..

ZUB (1, i) = beginning value of
i™ histogram

ZUB (2, i) = number of intervals |

in iT™ histogram

ZUB (3, i) = final value of i™
histogram

[ZUB (1, i) = ZUB (3, i) = 0]
implies that the limits for
the i™ histogram are those
of the sample generated,

? .
%1, In
r

inertial cartesian coordinates
(km., km./sec.)

Initial state vector,(

Upper half of initial covariance
matrix, input row-wise
[e.g., PII (6)= P, , PII(7) =
Pjl.

Coordinates and units flag for
PII.

= 1 implies local tangent coor-
dinates, [(T x T)x T, T x T,
T ], and units in ft.? and
ft.2/sec.?




Table 1 (continued)

e ————— s ilrean e — —
Parameter | Dimension | Default Value Description
I B, T S S
. IPCOOR ‘ 1 1 = 2 implies local tangent co-
(cont.) | ordinates and units in km.?

g and km.?/sec.?. |

3 implies inertial coordinates
of XII and units in ft.? and |
ft.2/sec.?. |

4 implies inertial coordinates
of XII and units in km.? and

il

km.?/sec.?.
XMU 1 398603.2 Gravitional constant times mass
(. of earth) of central body (km.?/sec.?).

FINAL CARD . ... namelist data end flag, & END, columns 2-5.



spi0D) “1"D°f puo indu| 9 dwog °| b1y

P

pas

UNH3

CSHGLOER =4 9249Q) )L =*9 199500 6=*2Z0126€000°=49)2%°09G69¢H8H9¢*202-=11X

b o

¢8G6GT+#°999¢
0¢8G6G517°999¢

to00e0€C°Ce*600E0EEE-4G2LL6%9¢E2
LT *92eSHT**0*99EUNZET**8B99RGZT

i Jd Ll Al L
sepgéegéepéeéet°0=11d

$L99T°L991°%62E9° 8=1d91IS  ‘0G=NuNHN ¢ *$9T12H=SV
$OfHL et 2T =LISTHT . f000T=3NUIN  “*eGHe=[SNYHL “LTHTE*TS—SIMVA

L6729 TU9==10r  *°62¢21=1r  $H2096°Ly=1dl0 *%81°92161=1210C

Vivadly

NOTLVY9Vdudd v0dd4d

e

(1-SVvS
00_SYIvYA*09//

(e=N3U0*002e=4ZISHTIH*08=1D441¢94=w4D 38 ) =40 *(SSVd*

b3 \
010)=dS1d //

CO0L0E=d44S=TUNAS (414 4E ) =130V 6-00%22=1 1 NI
MOOUZ=NUT99438 ¢ dYWON*AHODOH=3Z2IS s=WaVd*

aa NITSAS*097/
¥30avol 24xd //

I=T13A419SW 4444 (TOOTO0*DETO0U*L*YOSTTIC00LY)

90 OVEWdUL9//



FIGTNPMRAS Ui
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f/ EXEC LinidERy PakAs IS 7k a4 000Ky miimp® S SfIM=40R
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XXSYSLIH NN PSH=SYSZ  0INEY T SE=SHK LG FLTT
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XX ) Lyr=SYSZ ASFLLI eI SP=SHR (ELIVIECYITS)
xXx N PSYEAYS]LPLILI By TSP=SER IGRITHILTT)
XX DD LSHESYSLTELUHLI e 1l SP=SHY QODYOT OO
XX My DSN=SYSZ2L0ANL T Ao NT Sp=SH HnOgynron
XX D 1istsSYS] S5PAK DI SP=SIHIK IO

AXSYSLIWIT o

SVYSINIT=A (ALATVA KT

SIGNLSYSL TN 1y DMIT22400=9, Lat EL=(3ybLE) VN = SFR=INT4LG, ¢
rr DISP= (LN PaSS) ICARE (RECF =kr g LRECL=A0 KEKSTZF=3200 4NDFE =1 )

X/SYSL TN 1
XX [111]
XXFTOSEINL i
XXFTOAF0UIL D
xX

XXFTOTFOO] b
XX

san TNSERT
XXSYSPRINT 1)
XX

JIGHnaTas
I/

£/

DS ERIHA g [ SE={ 1Ly VFLFTF)
M- Eiib JECT
Ihitp ~k=iATAS
SYSIMT=Ag il ﬂllfl-rr-«:\lnﬂ,lnl-fl:l'l'l HLKST7F=T265) 4
SUALF=(LYL L1y 0))
N K= [ RECE SR g LRECL=AD  RLKSTZF="2R01)
NHACF=(TYA [ 1y 7))
FAGHGFTOTENN] v DS N ECA SYSNNITE
SYSHUT=A1(is= TERCE ~=Vi-,
SPALF={ T4y (1e2i0) )

IR NN i £ )ilt.,nls"aqnl_l'\,uFU-]l-|,uﬂ|_l|l-:-5$krf.]bl,u]. 1
NNV AFFaSY ST 1137 T 1249450, TURDTGRTNE B AU, SOON0BLTS
SPolkE={H0, (0] 3) )

Longllog
Ny LZ00
uMw 1300
onngl4Anon
LY 1500
pO0Y1IANG
unu 1 T0OU
UOORITS D
Uiy 1RN

g lenn

FR PUNCHED (UTRPUT
Ik ECLE 125, FLRST7F=A2G ),

/i

IFF23AT alLLilCe FHv INPugaG (20

IFF2371 Rt
IFF23TT 547
TSF2AT1 w&7
1EF23T1 547
IFFZ3TI H47
IFF2ATI 547
1FFZ3T1 S47
1FFZ23T71 337
IFE2371 331
TEF3TI 003
TRF2471 230
1FF2371 332
1FF23T71 333

aLLICATFD 100 SYSLIn
aLLIKATED TH
ALLDGATSD [
ALLICATED T
ALLACATFN Th
ALLDCATEIN T
ALLIWATED TN
ALLOCATED (1)
ALLOCATEND Tin SYSLOUT
ALLULATEN 111 SYSLIN
GLLNCATFD T FYOHFOU)
ALLIWATFD T FTOAFUOL
ALLACATFD Til SYSPRINT

NS/340 LNADER

HET IS HISFD = PR InT Nitsav wlILFT g LALLsRFS ST7F=4Ul&0R

TUTak LErGTH
FRTRY almiHESS

S550RH
2&500R

SAS=D FRROE PRUIPAGATI LN

nie Nty u WG
o L1261 HapOOOODOON N8 Ua&T9hNIZ&NOBNLNNNOON N2 N 122500 000000G0000N0 (16 =0,AN15499000000000D0 03 ({1}
Yaw THRIST TOFLT NCINF
=51 41&] TOHMIDBOOGI N2 e &S JVROUOHDOLONNOON (14 el 1000
as FS AIS NRURN
(e &2 16K 00D0UIHGIMM NS et =0, 100000 ODABO0LHNON O]
SaHPLE IMTERVAL EATRX
(L] g0} (LA ] Uel) 0.0
U 0KIUNE D2 D S NNDUVLILF Dy 0 SUNDOHNONFE 12 GS50000000E 02 0, 50000000F 072
(VAT (TN Naiv Vsl U0
SIGR

U HAAZ5000U000 0NN 0]

IMITIAL STATF VECTNR

e JAATLOLDY OOOGOINOON Oy

0o 1 AATHOOO000O0000NON N

=l 2UZ23AGHA0DOBIIN U3 D656 2TAGULOUN N& =0,3921024000000N=03 =0,90N%54& LA00000D 01
INTTIAL CUVARTANGE MATRIX Ipcon = 1

(T[] Mail Na e
Lial) ({1 (L4 Ol
(1ga) 0.0 N 1758AARADDTHMNIN OR 0L, 1320036A00000D0 04
Neld fla N 1320036A00000N & 0,234697725000000 03
e ) .0 NN =) « 33307009000 02
et} 0.0 N, 14%32419000000 04 043330300900000D0 02

STATE VELTIm
=0,2023A&R4 0000010 03

HEFUIRFE CuaST

065606 2THOOUNVN D&

CuvARIaANCE MATRIX (LUCAL TANGENT)

=0419210240000000=N3

-0.900544 16000000 01

~0.35R8225259T55RN=20 =0, 194T238125203N=20 =0, 2TOUDTTIRPAZRUN=1T 0.4H2226281843AD-2]
=0.1R914192A63190=19 -0, 102R156RT12A2N=19 0, 1A50246R55094N-1T7 0.3511381346753D=-21
0.56200T93214660=1T 0,62796T72T7H1TN=1T 0, ) 1AY3411753490 01 0,1272A3537074RAN=03
=0 20696301264150=20 =0.92T1749548246N=-2]1 0,12263537074R4N=-03 0,22015899341500~04
0.43266A262403500=21 N, 2350R1TO4HEILN=2] =N.915UTARSSAAGAN=19 =1),3093949T7(W09%N=-N5
=02 1033R5THI2454D=1R =0, 12TTRINDA4BEIEN=-20 0,135012401A5390=01 0.30939497099950-05
CUVARIANCE MATRIX (LOC TAN == ET) :
=0 ARS59039351011=13 =0.20959AR244194N=13 =0, 2906360%RAN29N=10 0,51906422RYNASD~ 14
~0e20359074T81190=12 =0, 1108A992274130=-12 0,1776311%441040=10 0.37794207293080~14

Figure 2. Sample Printer Output
8

PITCH

THIST
1237429

Xt

50 0« 3946032000000 0001 DA

=0e 2TTTR&Z24D0UNOD OV

0.0
0.0
T 00
=0.33303009000000 Q2
0. I6AA4] 55RLLO0L 04
0.0

=0.27TTA424000000 00

0.50454775385640-21
0.15253495035990~21
=0.TL150TATS4930D-19
=0.309394970999%0-05
0.34062103578ARD~03
0.2944A153153900-20

0.ANTATAIS446250~14
0. 1A41AT731074520~14

0.0
0. 50000000F L2
VAL

=U o &HITSRS200000Y (1]

U. 0
(V]
Ue 145326190000U0 04
U+ 33303009000000 02
0.0
Lie36664155R00NUVD U4

=0,48975R852000000 01

=0.12786A346A93359N-1H
=0.25886597526T10N=19
Ve 135012401R5390)=01
0« 3093949709995N-05
0. 16T7438543]13450-20
Us 34U621035TARHN=-N3

=~0.1374160TT42140=11
=0.2THAAL112ARTON=-12



0.6049605121434D-10
=0,2227732096097N=-13
0.4655029497225N~14
=0.1112835757669N~11

CUVARIANCE RATRIX
Uesl1115628T26H90=02
=043503554T72260AN=01
0.21537657931691)-08
Uel6156518337250=04
=0,415966A3TH2421)-03
0.1805B0RB298611-05

FE1GENVALUES
0.1169497098494D 01

NREITAL ELEMENTS

0,73162794251240 00

TRANSITIU MATRIX
0.63939699237150 01
0.19237141586150 01
0.70119492671360 01
U+311934362400460-04
UekT056763332350=03
0.23099485588611)=04

STATF VECTOR
0.1437319624770D 04

COVARIANCE MATRIX
0.12447010162380 06
=0.2601010773990D0 01
=0.91679002245030 05
0.3146169186126D0 01
=0.275795555799A0-01
=0.13270031138490 02

COVARIANCE MATRIX
0.13397A54855930 13
=0.2799705662165D 1A
=0.,9R6R249076621D 12
0.3386509495697D DA
-0.2968639679982D 06
=0.142R374756731D 09

COVARIANCE MATRIX
0.90604046494750 05
0.,806T676347196D 05
0.505775122166RD 05
0.19631198994300 01
0.11324060904110 02
0.1229578375293D 01

EIGENVALUES
0.2002330045402D 08

NRBITAL ELEMENTS

ECC
0.7316279425124D 00

STATE VECTOR
0415399929356A90 04

COVARIANCE MATRIX
0.9R49053131864D 05
0.51298590546R1D 05

-U.R194265517668D 05
U.24998056471500 01
041265931905956D 01

-0,1184706436972D 02

0.,6759390698065N=10
=0.99B0N31596941N=14
0.25303992843R5N=14
=0.137551052%1020-13

I TNERTIAL)
=1,360355&4T722608N=N]
N. 11682296124970 0]
=D.69R225272406 1D=-0T
-0.5237102846739N=N3

0, 13485NARSH6355N=01
=0.51546217604077N-N4

0.3406510785494N=n3

NOM INAL
SHA
N 264568977 16740 05

=0.4350R60501579Nn 02
~0.565606A1313440 02
=0a24479346570000 02
=0, 13380297700 22N=N2
=0.T72915A067T50]1N=-n2
=0 4925013281 73n=03

AFTER COaST

~0.42325065859760 N5

(LOCAL TANG:NT)
=0,26010107739650 0]
0. 727656446 225R6N=01
N, 2808491110020N0 N1
=0 974501461 27THT IN=(14
N.TT15631955927n=-n3
0.3634676930 164N-03

(LOC TAN == FT)
=0.27997056621308D
0.783246316756730
0.30230357142290
=0s 1048944952651D
0,8305039982997N
0.39123350365449D

Nk
n&
(1]
N&
0&
Nk

(INERTIAL)

0.80676763471961
0.9492019521589N
0.4542167713995D
0,23920118697760
0.12368239662130
0. 147209049454 7D

05
ns
05
0l
02
0l
0.1353137939669N 05
NOMINAL
SMA

0.24456R9T77 16740 05

AFTER BlIRN

=0.42320203276200 05
(LUCAL TANGENT)
0.5129R590546A1N
0.2671A992351R1N

=0.4266059413649D
0. 1300A0R3IB4EAZN
0.6602158421203D

=0.61686A4 250 L 44N

COVARIANCE MATRIX (LUC TAN == FT)

0.10601435621702D 13
0.55217362362050 12
=0.88202370388150 12
0.2690769332687D 08
0.1362638232975D 08
=0.1275207835647D 09

0,55217362362050
0, 2876009393070
=0.4391949720071N0
0. 14001TR9T754 060
0.7T106506631651N
=0.663991AT56 1790

12
12
12
Ny
07
ns

COVARTANCE MATRIX (INERTIAL)

0.90791300849070
0.8133566931693D
0.506p8973226790
10,1941 2044775120
0.11377070601890
0.12113195136730

EIGENVALUES .
0,20164991973500

05
05
05
1)}
02
(1)}

06

STATE VECTOR
0.15399929356890 04

0,813354569316930
0.96112540162420
0.45797961849580
0.23R3957425051N 01
0,12493036441780 02
0. 146960534563920 01

0. 1356021025067 05

05
05
05

BURN ERRORS

=0.42320203278200 03

COVARIANCE WATRIX (LOCAL TANGENT)

| 0,10069104504380-01

0. 1189R55134227 =02

N 1254AARADNONON NA
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METHOD OF ANALYSIS

The following parameters used in the analysis are input variables. All other
parameters are built-in constants, or are calculated from the input data:

At Coast interval

AL, Burn interval

W, Initial weight

AW Weight change during burn

, Nominal pitch during burn

/ Nominal yaw during burn

T Nominal thrust during burn

X Nominal initial state vector (X))
P, Initial state covariance matrix

Fpy Oy O Errors in thrust, pitch, yaw
The initial state covariance matrix can be input in local tangent coordinates, but
all computation is made in an inertial central body Cartesian framework. This

coordinate system applies to the analysis presented. (See Figure 3.)

Propagation of the State Vector and Covariance Matrix Through Coast

This is accomplished by integrating the equations of motion for the two-body
problem through the coast time interval. Let t, be the initial time. We define
t, X,y P, to be the time, state vector, and state covariance matrix at the end
of coast (t, = t, + At)).

The equations of motion are:
T = - L T/13,

where r (t) represents the position vector at time t, and 4 is the gravitational
constant times mass of central body.
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~ORBIT

ORBIT IN /

(i, k) PLANE

i. ,[(r.‘v.).r.]]

Figure 3. Local Tangent Coordinate Frame for the Input Covariance Matrix.

(x, y, z) Represents the Inertial Coordinate Frame of the

-

State Vector <:

v
(i, j, k) Represents the Local Tangent Frame.
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The integration is accomplished by making use of the subroutine TWOBDY pre-
pared by W, H, Goodyear.* Goodvear defines a new variable ; by the differen-
tial equation:

J /T,

where ¢ is zero when t is t . Then v and ¥ are expanded in a Taylor series
about r (t,) in terms of ¥, From these series expansions it is possible to ob-

ro(ty)
tain the state vector at any given time, In this way X, = | | = (x,;) is
r(t,)
o) x l i
evaluated, and the state transition matrix ¢, = [———1 is found by computing
el "-0’ y

the partial derivatives of the terms in the Taylor series,

The covariance matrix P, is chen evaluated by:

Pl : d)l PO q).lr

Propagation of the State Vector and Covariance Matrix Through Burn, without

Addition of Burn Errors

Let t,, X,, P, represent the time, state vector, and state covariance matrix
(without burn errors) after burn (t, = t, + At,).

The equations of motion are:

=
!

i -
=

g |
w
-+

where m(t) is the mass of the vehicle and X (t) represents the thrust vector,
evaluated by:

*Goodyear, W. H., *'A General Method for the Computation of Cartesian Coordinates and Partial
Derivatives of the Two-Body Problem,’’ NASA CR-522.
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T cos \/ cos a

- T cos y sin a

T sin

An approximate solution to the equations of motion is obtained by integrating:

8y g

where ?‘ = :(tl), and ¥, = T (t,).
The solution for this equation through burn is:

wubty, X,At, /ml'f/\m
¥ " [T =" Am—log\_T_

A tb2 . Atb2 m, +Am | (mg * Aw) .
Am o

where ?l, m, are the positior vector and mass before burn, A n: is the mass
change during burn, and F2 is the position vector after burn, This provides
r
2

the state vector X, = | | = (X,,;). The state transition matrix ¢, =
?2
9 Xy,
is found by coruputing the partial derivatives from the above equations,
0 X 1j

and the covariance matrix P, is evaluated as before:
P, = O, P, 0.

For long burn maneuvers provisior is made to reduce the error resulting from
the approximate solution to the equations of motion. An input parameter is
available which breaks up the burn interval into n, sub-intervals; the state
vector and covariance matrix are then propagated as above through each burn

18



THRUST

Figure 4. Pitch and Yaw Angles.
The Pitch, 7, is Measured Toword-]‘in the (i, j) Plane (Orbit
Plane) from i to the Projection, (A, A, 0) of the Thrust
Vector, ».. Yaw, /', is Measured Toward k from (A, \j' 0)

to A.
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step. Variations in the thrust vector through burn can easily be programmed
into this scheme, if step functions are assumed., The computation of P, pro-

cedes as follows:

T
P2 (])2 Pl «l)z

The Inclusion of the Burn Errors into the Covariance Matrix P,
Using the input errors o, o, ¢ a diagonal covariance matrix for burn errors

is assumed:

,T2 0 0
B 0 r2 0
0 0 -2

This is transformed into a thrust covariance matrix first in a local tangent
Cartesian coordinate frame and then in the reference inertial coordinate system

3
o Xq;

Finally the state-thrust transition matrix | =5
1)

is used to evaluate the state

covariance matrix due to burn, and this is added to P, to obtain the final state

covariance matrix, P,, after burn. Let

COSs a oS |/ =T sin o cos |/ =T cos a siny

U = =sin a cos =T cos a cos T sina siny
sin Yy 0 T cos
) r, (ryxr,)xr r, xr,
T = y ) )
1 P, xF)xT P &
1 1 1 1 1
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and

where (*,,) is the thrust vector before burn.

1

The equations of Q are:

) A \ A 2 : A s
r,, 1 M A 4% 2ml + Am m, + Am ]
Tonth e el © i e et | | b |
1) 1 m 1 J
t2| m, + m m, + /Am
b 1 l 1 il
+ . og | = — | -
i) m 'm k m, 1
°Fa 1 My S5 m Ny * AN L at Wy * am
- ogl| - + log e
a 1 2 m m + 'm m 1) 'm
1 h 1 1 1
where &, = 0,i #jand 5, =1,

The final covariance matrix after burn is computed as follows:

P, = P,+QTUBUT T ¢ .

If the burn interval is divided into n, sub-intervals by the input option, the
equations for the covariance propagation become:

. S8 0
2 s Z == q)l Qk Tk Uk L an Tnb Unb
-'-’] l"nb
?2 = P2 + 9 BAT
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Computation of Histograms of State Dependent-Variables

Let ~ (X) represent the vector of state dependent-variables for which histo-
grams are desired. The distribution of ~ (X,) is computed as follows:

a. The Eigenvalues (E|) and associated matrix of Eigenvectors, R, is first
computed for P,:

diag (E,) R™! PZ R.

b. A set of n normally distributed random vectors, {4 % :i=1,...,n’,
is generated with mean (0) and variance (E)).

¢. A reverse transformation is made on each random vector, and the
mean is shifted to the nominal by addition of X ,:

d. Finally { E ('—.'l) 1=l 005 n} is computed, and the distributions of the
state dependent-variables are presented as histograms of the elements
of the vectors {# (;7,)} ;

Computation of the Delta-Velocity required to effect a given Semi-Major Axis,

Eccentricity and Inclination

To change semi-major axis and eccentricity, thrusting is assumed to be at
apoapsis and periapsis. To change inclination thrusting is assumed to be at one
of the nodes. If no inclination is desired, & v is calculated for both apoapsis-
periapsis and periapsis-apoapsis burn sequences. If an inclinaticn change is
desired, twelve possible burn sequences of apoapsis-periapsis-node are con-
sidered. The minimum of all possible 5v calculations is accepted. The follow-
ing identities are used to calculate the 5v's in the burn sequences:

r = a(l +e)

D‘
Il

a(l - e)

L 3 1
e v

22



&

where:

P

a

o

Vv

w

Apoapsis radius

Periapsis radius

Semi-major axis

Eccentricity

Velocity

Gravitational constant times mass of central body
Radius

Radius at node

Argument of periapsis

Velocity to change inclination

Desired inclination change
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FLOWCHART

PROPAGATE STATE BEGIN LOOP TO
VECTOR AND COVARIANCE COMPUTE NP
| MATRIX THROUGH BURN RANDOM VECTORS
COMPUTE EIGENVAL UES INDEX | I, NP
—— AND STATE DEPENDENT ‘
INPUT VARIABL ES
{ , CALL BARNI
COMPUTE NORMAL
PRINT RANDOM VECT.
STATE VECTOR
COV. MATRIX '
EIGENVALUES
COMPUTE NORMAL

RANDOM STATE
VECTOR
COMPUTE BURN ERRORS A |
AND ADD TO COV. MATRIX CALL ORB AND DELVS
COMPUTE EIGENVALUES TO COMPUTE
RANDOM VECTOR OF
AND EIGENVECTOR MTX s paa o
CONVERT INPUT TO INTERNAL VARIABL ES

UNITS. COMPUTE SAMPLE SIZE.
A COMPUTE EIGENVALUES OF '
INITIAL COVARIANCE MATRIX # ﬁ
AND STATE-DEPENDENT VARIABLES YES
PRINT:
' STATE VECTOR

COV. MATRIX NO
EIGENVALUES

PRINT: STATE VECTOR

COV. MATRIX BEGIN LOOP TO
EIGENVAL UES COMPUTE HISTO-
STATE-DEPENDENT ‘ GRAM FOR EACH
VARIABLES STATE-DEPENDENT
VARIABLE
CALL ORB AND DELVS INOEX | =1, 6
TO COMPUTE NOMINAL
STATE-DEPENDENT
PROPAGATE STATE VECTOR ik Ak Al 70
AND COVARIANCE MATRIX ‘ COUNT DISTRIBUTION
COMPUTE EIGENVALUES AND
STATE-DEPENDENT VARIABLES
PRINT: i
NOMINAL -
g STATE-DEPENDENT CALL HISTO
SRITT VARIABLES TO GENERATE
STATE VECTOR HISTOGRAM
COV. MATRIX o L___/
EIGENVALUES

STATE-DEPENDENT
VARIABLES
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LISTING

The following is a FFORTRAN source listing of the entire program,

The listing is arranged as follows:

o

(]

10,

5 9

12,

13.

14,

15.

16.

17.

18.

RN DEDEPRIE o s s osbnanas sans o nintieas s soner it s e s el sos e
PUBEOUEIRG MTENFR. s cosasissonanssnsnssisbsossnsspsnassnessiss
FRBCHON NBEIP, . . c sonasvsssas o pan s s d o sis e s ssnah 6 hu s oo anoss
PURDEION BANNE s+ sssansrinssnassss sl baonasss vent v st Es e Ene v Ewn

SUbDrOULtINEG GAUSS. . . ti i ittt veooceososeossosssssosossesssssnsesss

Subroutine MTRPLY. . ... .00ttt ittt ittt innrennenenn.
BRI INE TWENIEER. oo v aiansonis s snas ens ks b s Baadh Samis bk o1 dn
DRI EORYET U Lok tnes o5 pats i nsias s « ik s s arsisie e it
DURERIRENE ELTER - s cnidssannivniot sdonmbioitssassssissos esasd ai

PRIREOREINE TR oo ot tsonosssstsssrrtssssssrssstsosssesisinnss
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31

31

31

31

34

36
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LISTING (Continued)

D, DUDEOUEIRG LIS . oo 0ot sonpseiots st snass s seshssassnstasnssnns
B, DODPOMEINE CBAD: 5o sussnprasensrsossusstdnesssossnnsanessnnses
31, DODEOMDE TUUNI & csnvvusssasbss s ssssssos fodsas aosussssssss
30, EROOKE OIRR TDCAM . oo ssrvsses s sasbsss s ps apssnsneses s s AABEEERES 8
35, DUDYOMRIDS BRIBT0) . o consosuo vnsans bnonasssss sasmssassnoansstasss

24, Subroutine DE LV S ... ittt ittt et ttensensesensnnesneennes
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MAIN PROGRAN

C
C
L TRERR == Tw
L

"

(INY FERi AvnlLYSES PBENGH

TAPLICTIT RFEALSE( A=ryli=Y)
REAL®R MAMES

DIMENS I
DIVENS T
DIMENS T
DIMEXS [N
NIYENS TN
DIMENS T
DIVENS TN
DIMENS 10N
NDIMEMS TN
DIMENS TON
DIMENS W

SIGRIR) g XL ()P IlAeA) g CLIA A)CZI9) 03 (H) (L), (K (3)
XCUA)oPUAgn ) oPYLAGA) gl b gAY gl A a) g PARIF3) oTHOLFA L5
ZRCTUSI ) o ZSTATSUS) o TITLat 10N o FLT(9)

UlBeb) g til333)oFlB)gEVIA Al 7R 1000047)
TUKIE3gA) g ZFRENLK0)

TVER) o 20 (D0) o XE(A) g0 ()

ZELT(S)

VARESES)

Vihet)

Hibyh)

THISTUA) o XTTEA) gPTTL21)4SIGRTLR)

DATA ELT/3HECC o AHSHA g AHINC o SHO FLA AMARGE JSHTHFTA AHFF R J4MAPUG,

Z 4MFLVY/

DATA NAVES/AHECC o AHSHA g AHMINC ¢ SHNME Ay 4HARGR (S HTHET A/

MAMEL IST ZTHOATAZOTCT oDTH T gl g1 gPITOMT gYAW T o THRUST G7NFLT ¢nCNNE
2 ASeESeATSoNBURNGSTGHRT oZUB g XTT g IHISToPIT gXmity 10CN0OR

CaLL ERRSET (21042%64=14141)

NTCT = 0,00

NTRL = 000

Wl = 0,00
Wil = 0O,N0
PITCHI = 0.0
YAW] = 04,00
THRUST = 0l D0
ZOFLT = 0O,
MCOKF = O
AS = 0,00
ES = 0,00
1PCOoR = |
AlS = =1,00
NELIRN = )
SIGHICL) = O D0
SIGBI(Z) = U
SIGHI(3) = 0,00
D6 K9S | = 46k
LUK(Le 1) = O
IUK(Z241) =50,
ZUR(3,1) = O,
X11(1) = 04,00
IHIST(T) = |
B9S COMTTMIE
Nl K99 [ = 1421
PITCL) = 0400
BY9Y9 CONTINLE
FACTOR = L00644R221TN07 4 00LGHGKRSNY

Al = 3A9RA(CF, 200
10 KEAD (545000F 029999 ) (TITLF(T)1=21,10)
READ (5,T-NHATA)

nic = NTC
NDTR = DTP
W= Wl

wC = WwCl

PITCH = PITCHI

YAW = YAW

THRUST = THRUSI

SIGBEL) = SIGKRIC(])
SIGB(2) = SIGKI(2)
SIGK(3) = SIGKI(3)

D0 K97 1

146

XI1e1) = x11(1)

DO B9A J = 46

L o= 1#(13=1)/2+J-6
PICIy0) = PII(L)
PTCJs1) = PLLT,J)

896 CONTINUE
847 CONTINUE
NP = NCON

b

IF (NPLLF.0) GO TU 15
TF (NP LLFG6) WP = 868 (NCOHEZNELT)
IF (NP.GT410000) NP = 1000C

15 CONTINIE

WRITE(69600) (TITLE(L) 4I=1410)
WRITE (Ag610) DTCoDTH g WLy PTTOHy YAM g THRIIST g ZDFELT 90'CIY &4 THIST

27

| OO
2000
LAY
Lnnn
S 0060
HhOOO
Fooo
w00
Qonn
10000
11000
12000
1 3000
14000
185000
15100
16000
17000
12000
19000
20000
21000
21100
22000
23000
24000
25000
26000
2700
2ZRO0O0O
29000
A0000
31000
31100
31200
32000
33000
34000
K000
AK00O0
37000
AR000
39000
L0000
41000
42000
H3000
LaOnn
45 000
Lhnn
47000
4RO00
49000
S0000
5100
2000
53000
54000
55000
56000
57000
58000
59000
60000
61000
62000
A3000
64000
65000
66000
ATO00
6RO00
72000
73000
T4 000
75000
76000
77000
78000

LR
L
L

s



WRITE (63605) ASebESeAl SeNEURN, XML 719000 Ty

WRITE (6,615) (L2001 d)edmleb)yl=]ly’) rOOOO
WRITE (6,620) (SIGu(I)el=le®) #1000
WRITE (6,630) (XT(1)el=1eb) K2 000
WRITE (64640) TPCOURe(IPTLT o )oJdulob)olmlet) R3000 thee
ENRURN = NHLUIRN K3l 00
DTK = DYTR/ENBURN R3A200
WC = WC/ENKLURN R3210
ALS = AIS/574,295%779%100 R&000
CALL NRBIXT o XT(4) g XMi)y(2) "5 000
suusDELFTINONS
DO IR 1 = 146 RT000
XCe1y = X1(1) ABO00
Xu(l) = x1(1) RAONO
DO 17 J = 1y6 90000
IF (IPCONRGLEL?) PllTgJd) = PL(T,))2,0003%0640%%2 a1 000 Tl
PllsJd) = PlI14J) 92000
VileJd) = 0,00 93000
HilyJ) = 0,00 93100
17 COMTINOE G4annn
Hilel) = 1,00 94100
18 CONTINYE 9% 000
IF (IPCOOREQGLORGIPLINKEGENG3) CALL CONVETIP T X1 oX1(4)e2,4P1) 96000 'TLL
WRITE (A4650) Q7000
CALL MTXPRIXTIoPlokEyEV) SROOO
WRITE (63700) (NAMES(I) gl =)leh)elC2(1)s1=]1,46) 99 000
PST = 0,00 100000
IF (DTCLFOL0D0) GO T &8 101000
CALL TWORDY(XToDTCoXMUGP ST o XCoaPeL1aC2003,Ca,05,0CH4CT7) 102000
WRITE (6,655) ((Pllgd)ed=lehlel=]leh) 103000
CALL MTRX( (PP yPybeby=1) 104000
WRITE (Ayab60) 106000
CALL MTXPR(XCoPyFEyEV) 196000
CALL DRBIXCyXC(&) XMy 7) 107000
WHRITE (64700) (NAMESET ) ol=lyh)y(CelT)ol=146) 108000
551 IF (DTR,FOL0.D0) G TU 8587 109000
DO BB J=ly6 110000
C20d)=xCl gy} 111000
B86 CONTINUE 112000
SIGHIL) = (SIGRIL)%,00644K221TN0) %%2 113000
SIGB(2) = (SIGE(2)%,01745329300)%%2 114000
SIGB(3) = (SIGR(3)%,017464532930N0)%%2 115000
DO 30 1 = 1,3 116000
DO 20 0 = 1,3 117000
Hiled) = 000 11 RO0OD
20 CONTINUE 119000
Bllel) = SIGBI(T) 120000
30 CONTINUE 121000
N BRA =] yNBURN 122000
CALL BURNST(CZ9C2(4) g XKy XHB(4)gWygOaNOgMCyPITCH TV oDOTH THRUIST g VAW, 123000
2 XMU) 124000
XMASS = WEFACTOR 125000
XMDOT = WC/DTR%=FACTUR 126000
CALL POWFRX(C29C2(4) g TVoXMASS o XMNUT g OeNOG XMl gNTH O 4R ) 127000
CALL MTRX(OgboeHyebyeby0)) 128000
CALL MTRX(Oy4VeVebe3d,0) 1728100
CALL PARTAL (PARGCZ2yCLlA) 3 TR0y PITLHyYAWy THRIIST) 129000
CALL MTRPLY (TS509PAKyIs39333,6,3,6) 130000
CALL MTRPLY (RellgTHUb %93 4heheh) 1321000
DO 676 J = 146 132000
DO 677 L = 1,3 132100
VIJeLl) = VIJeL)I+TS500040) 132200
677 CONTINUE 132300
676 CONTINUE 132400
Crmmrrrcccccccccnce 133000
C 134000
C THSERT BURN CORRECTINNS HERE WHEN THEY'RE RFADY o .. 135000
IF (YAWIEOL.GeNO) GU TH S7H 136000
VIDV2=C2(4)%XBL&)+C2(5)%XE(8)+C2(6)%XR(6) 137000
ABSV1I=DSORT(C2(4) %% 2+(C2(5)%%24C2(6)%%2) 138000
ABSVZ2=DSORTIXHRI4) %24 X B(6)#%24XA(6H) %% D) 136000
BETA=DARCOS(VINV2/(ARSV1I*AKSYV2)) 140000
YAW=YAW+RETA/ 01745329300 141000
578 CONTINUE 1427000
C 14 2000
C- —— 144000
DN BB7 J=146 145000
C2(J)=XB(J) TAh000

TR T e st o AR S



BN

HEH

40
50

552

150

160

CONT INUIF

WewWeu(

CONT INLIE

CALL MTRXY (HePyPohshe=])

CALL MTRX(VyhoVye3g3dy=1)

WRITE (A,670)

CALL MTXPRIXK Pk V)

WRITE (A46K0)

CALL MTXPRIXBoVeF,akV)

DO SO 1 = 1,6

DO &0 J = 1,46

Pllod) = PUlyJ)eViLyd)

CONT [NLIE

CONTINIE

WHITE (A4690)

CALL MTXPKR(XBePoF ok V)

CALL DRPIXHeXHI&) X 119 (C2)

WRITE (64700) (NARES(I)gl=]lon)o(C2ll)ol=lyb)
CUONT INUIF

Al = C2(3)/5T74295779%1h0

APF = C2(5)/574295779% 100

CZ(R) = C2(2)%(1.004C2()))

C2(7) = C2(2)%(1.DU=C2()))

C2(9) = 0,0

IF (ASGT.0.00) CALL DELVSIC202)90C2(R) o C20T) g ASoFS oAl JALS o APF ¢ XML,
2 C219))

WRITE (647640) (FLT(I) g 1=2T749) (0201 )01=749)
IF (NPLLFLO0) GO TO 10O

DO 200 J = JyNP

DO 150 1 = 146

SO = 0,00

IF (E(T)eGTe0eNO) SU=LSORT(E(T))
ALT) = BARNL(=ly=1y127R7,5N)
CONTINUE

CALL MTRPLY(EV oA XCobobylohoheh)
DO 160 1 = 146

XCUI) = Xu(l)+xC(l)

CONTINUE

CALL NRBIXCyXCL4)yXintty 2)

Al = A (3)/57.29577951n0

APF = A(E) /5742957795100

AlR) = A(2)%(1.D0+A(1))

ALT) = A(2)%(1eDO=n(1))

Al9) = 0,00

TFIASGTo0eDOICALL DFLVSIAIZ)gAIR) g AL T)gASGES gAT gATSoAPF oXMIIZA(9))
DO 180 1 = 146

L o= IMISTIL])

IF (LelLEsOsOReLeGToS) GO TO 180
IB(Je1) = A(L)

2ELJy7) = 1,

180 CUNTINUE

20U

CONTINUE

N0 250 1 = 146

L= IHIST(I)

IF (LelLFoOalReLoGTL9) 6GN TN 250
LELTCI) = C2(L)

NZP = ZUR(241)

NZX = MZP=]

CALL TABY(ZBE L9 T)gZil 1y 7)ol g7UR 1y 1)y 7FRFO4ZPCTGZSTATS NP1
IF (ZUB(3,1)eGToZUBILLyI)) 6O TN 220
ZUkIle1) = ZSTATS(4)

LUB(341) = ZSTATS(S)

220 20X = (Z2UB(341)=20B(1y 1))/ (7211 (241)=2,)

IX(1) = ZUB(1ly1)
N0 230 J = 24NZX

7X0J) = IX(J=1)+20X

230 CONT INUIE

250
9999

500

CALL HISTO(TITLEGELTIL) 9ZPCT9ZXgZSTATS(2) 92ZSTATS(3)yNZPGZELT (1),
1 NP)

CONTINUE

GO TO 10

CONTINUE

STNP

FORMAT (10AR)

600 FORMAT (1H1,4X, 10AH)

605

FORG T (/23X 9 2HAS 923X g2HF Sy 22X 3HATS 920X g SHNBURN 9 22X 9 31X MU/
2 302541641254N25.16)

610 FURMAT (/22X93HDTCy 22Xy 3HDTHRy 26Xy LHW 923X g 2HNC 920X ¢5SHPITCH/

1 ONZ25416//22% ¢ 3HYAW 3 19X 6HTHRIISTy 20X SHZNFLT ¢ 20X o SHUCNNE

149001
150000
181000
1851100
181200
152000
1583000
184000
1885000
156000
17000
158000
159000
160000
141000
162000
163000
1 64000
165000
1 66000
167000
168000
169000
1 70000
171000
172000
173000
174000
175000
176000
176100
177000
1782000
179000
180000
181000
1% 2000
183000
14000
185000
1RK000
1R7000
1RR000
189000
190000
191000
162000
193000
194000
195000
196000
197000
198000
199000
200000
201000
202000
203000
204000
205000
206000
207000
20R000
209000
210000
211000
212000
213000
7 14000
215000
216000
217000
218000
219000
220000
221000
222000
223000
224000

e

o o

e e e e
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40
50

600

Tere

N

nnnonnnnn

620
630
640

saw N

ow

13

~-,-A.u] TEE | Y f ¥ T . f ¥ ¥ Cy/ Xy

/3013x%, ) / 1a13)

30

2644000
SUBROUTINE MTXPRIX,P,EEV) 245000
266000
INPLICIYT REAL®BIA-4,0-2) 247000
DIMENSION X(5) P (6408)+Z2(6)EVIE6) +PX(645) 248000
DIMENSION B816,86) 289000
CALL CONVEY (PoKoX(a),0.PX) 250000
D) SO 1 = 1,6 251000
D) 40 J = 1,6 25200C
EVEIeJ) = PIT .0} T 23000
BlleJd) =FX(14J) 700030402892 284000
CINTINCE 2%%000
CONTINUE 296000
CA_L EIGEN(EV,E 46,1) 257000
WAILTE (6:,600) (X(1) . I=1,6) 258000
WITTE (56,6107 TUPXTI oJ) +J%1 ,B) 121,87 - 1 1] 11
WRITE (€,640) (LB (I 4J) sJ=1,6) os1l=i,6) 2060000
WRLITE (6,620) ((P (I 4J) oJ=l ¢8) o1 =1,56) 261000
WALTE (€+630) (E(I) o1=1,6) 262000
FETURN 283000
FIRMAT (/S5X,12HSTATE VECTOR/(6D21e13)) 266000
FITMAT (75X ISMCOVARTANCE MATRIX (LOCAL TANGERTIZTISDZTST: ¥ 285000
FIIMAT (/SXe28MCOVARIANCE MATRIX (INERTIAL)I/(6D21613)) 2066000
FORMAT (SX,1IHEIGENVALUES/Z(602113)) i 2567000
TIAIMAT (/S5Xe3IZHCOVARIANCE MATRIX iL0OC TAN == Fr)/(6L21013)) 268000
END 289000
290000
FUNCTION NSAMP (M ,DELTA) 271000
272000
W SETS CONFIDENCE LEVEL et e o T 2T
IF M=] LEVEL 1€ o9 274000
IFf M=2, LEVEL IS 93 275000
IF M=3, LEVEL IS .98 276000
IF =4, LEVEL IS 99 277000
IF M=S, LEVEL [ S¢99S 270000
IF m=6;, LEVEL 1%5.999 N S T T T ZUeu00
DE.TA SETS UNCERTAINTY 280000
IF (M=1) 3,2,3 281000
A=le282 282000
GJ) YO 13 283000
IF (4-2) S.4,5 284000
AT1,089 5 e iy BT " TTTTTT28%000
G) TU 13 286000
IF(N=-3) 7.,€,7 287900
A=2,054 208000
GO T 13 289000
IF (M=4) S,8,9 290000
A=24328 e a 5 P g i~ o 291000 N
GO TO 13 292000
IF(n=-9) 11.10,11 293000
A=2,57& 294000
G) YO JEsSo00
A=3,0% 296000
NSAMP (A7t 2 *DELTAYI®IAZ (24 S DELTAY)Y 297000 T
RETURN 290000
END 299000
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REAL FUNCTION DARNIL OB JIKEY,IFRNGSD)

IMILTICIT REALSH(A=H 0=2)

- P Lol Ll THL DESIRED STANOAKD DEVIATICON
AMEAN=== THE DESIRED MEAN
Hecoconcnw THE POPULATION 51 2c

UATA AMLANZ/ZCeD2/

DATA IMEFEZI27R7/

DATA nH/7ieaDC/

IF (IKEY)S,a,4

IHERE = IF KN

IFClI)E, " 7

CALL GA L SSOIMLHE ¢ S0 dAMEAN o VAL o1 )
IFIN=IHEFE

GJ) TO 8

CALL RANDU(CTIHLRE o IFRNJVAL)
IHERLE =1FRN

BAINL=VAL

RETURN

ENO

SUSROUTINE GAUSS(/L X/ e54ANV H)

IM2L ICIY REAL®B(A-H,0~-2)
=M

A=0,000

D) 59 1=1.K

CALL RANDULIXelY,Y)
Ix=1v

A=A eY

H)=M/ 124

M2/ 26
VE(SE(A-H2) ) FAOSART(HO)+ AM
RETURN

ENDO

SUBRIOUTINE RANDU(/ZI /sl Yo YAL)

IM2LICIT REAL*B(A-H,0-2)
DATA JuusS/ZI1027/
Ivy=1Ixe40US

IFCLIY) S4646€
IY=1Y+2147463€Ca4 741
YFL=1Y
YFL=YrL®440G566130~9
RETURN

END

SUSROUTINE EIGEN(AA  VALU,NR ¢ M)

IMPLICIT REAL®*8 (A-H,0-2)
REAL®S8 IND )
EIGENVALUES AND EIGENVECTORS DF A REAL SYMMETRIC MATRIX

DIMENSION A(8:8)+8(848) sVALUIB) +DIAG(8) ySUPERDIT7)4Q(7)eVALL(B)
1oSUT7)eCC7)4D(8B) +INI(8)U(B) ,0DUMMY(98) sAA(64)

EQUIVALENCE (DIAG(1) oOUMMY (1)) ¢ (SUPERD(1) 4DUMMY (%)),

LAVALLCL DD (1) oOUMMY(16)) o (Q(1) sS(1) sDUMMY(28))4(B(14s1),0UMMY( 31)),
2 CINDCL)oUCL)) o (1T oMATCH) o (TAUSDETA) s (P,PRODS ) e (T oSMALLD),

3 (ANORM,ANDRM2)

SART(X)=DSAURT(X)

SIN(Y )=DSINC(Y)

Cls(z)=0COS(2)

ABS(A)=DAdS(A)

CALCULATE NORM UF MATRI X
N=NR
JRMA = 0600

J =1
D) 1 I=1.N

31

3co0co00
Joicco
Jczoc0
202000
304000
3Cs5000
Joeccac
Jcr000
JueEQ00
3c%000
Jioo0co
311000
212000
213000
314000
315000
216000
217000
318000
319000
3z20c00
221000

422000
323000
324000
328000
326000
327000
328000
325000
3300c0
331000
J3z000
323000
J3a000
33sco0
326000

337000
33ecoc
339000
34C€000
341000
342000
343000
344000
345000
346000
347000
348000

349000
3,0C00
351000
352000
353000
354000
355000
356900
257000
354000
359000
360000
261000
3e2000
3€3000
3€4000
3e£C00
366000
367000
368000
369000
370000
371000
272000
373000



N

nON

anon

sl s Nal

NOOew

10
12
2c
25
30
33
40

as
S0
52

60
65
70
75
ac
90
95
100
108
110
115
120
£3 )

1>

138
140
150
160

170
180
190
200
210
220
230

235
240
260
270
27%
277
280
290
30¢c
310
320
330
333
340
345
3s¢
35S

JIMA = ORMA+AAC(Y)
J=)eNe)

D) 2 1I=1,N
NizsNne(]lI=-1)

D3 2 J=1l.N

(PR LR EN)

AlJesl) = AA(LJ)ZORMA
ANIRM2=Ce 0

D) 6 1=14N

V) 6 Js=lN
ANIRIM2=ANORM24A (I s J)ee2
ANIRM =SURT (ANORM2)

GENERATE IOENTITY MATARIX

IF (M) 1C, a5, 10
D3 40 [=1,N

DI &40 U= ,N
IFCI=-J) 3%, 25, 35
Bll1sJ)=14000

G) TO acC
Bllsd)=Ce™0O
CINTINUE

PEIFOAM KOTATIONS TO REDUCE MATRIX TC JACOB.L FOKM

IEXIT=1

NN=N=-2

IF (NN) 890, 170, 55

DO 160 I=1,NN

Il=1e¢2

D3 160 J=I11,N

Ti=A(l1,141)

T2=A(1,J)

G) YO 900

D0 10€ K=] N

T2=CUSSA(K,, [#1)¢SUNSA(K,J)

ALK ) )=CUSPA(K J)=SUNSA (Kel¢1)
A(KoI¢1)=T2

CO 128 K=],N
T2=CUSSA(I¢1sK)*SUNSA(J,K)

A(J oK )=CUSSA(JIK)=SUNSA (] ¢1] ,K)
AlT+1.K)=T2

IF (M) 130, 160, 130

DI 1S5S0 K=1sN
T2=CUS*B(Kes1¢1)+SUNSBI(K J)
BIKsJ)=CUSHBI(KsJ)~SUNSB (K1 ¢1)
Bl<,I¢1)=T2

CONTINUE

43VE JACOSI FORM ELEMENTS AND INITIALIZE EIGENVALUE BOUNDS

DD 200 1=1,N
DIAG(I)=A(1,1)
VALUC( 1) =ANORM
VA_L(1)==ANORM

D) 230 1I=2,N
SUPERD(I-1)=A(1~-1,1)
Q(I-1)=(SUPERD(I~-1).)%s2

DETERMINE SIGNS OF PRINCIPAL MINORS

TAU=C,0MDO

I=1

MA /CH=0

T2=0,00C

Ti1=1,000

DD 4S50 J=1,4N
P=DIAG(J)-TAU

IF(T2) 3c¢ce, 330, 300
IF(T1) 310, 37C, 310
T=PeT1-0Q(J=-1)eT2

G) TO a1C

IF(T1) 33%, 350, 350
Ti=-1,000

T=-p

GO YO 410

Ti=1000

T=>

32

374000
3715000
37e0c0
377000
378000
379000
3Jsoo0o0n
341000
382000
382000
384000
385000
386000
387000
384000
389000
390000
391000
392000
393000
394000
395000
396000
397000
358000
399000
400000
401000
402000
403000
404000
405000
406000
407000
408000
405000
410000
411000
412000
412000
414000
415000
416070
417000
418000
419000
420000
421000
422000
4230C0
424000
425000
426000
427000
428000
429000
430000
421000
432000
433000
434C00
4235000
436000
437000
436000
439000
440000
441000
442000
443000
444000
445000
446000
447000
448000
449000
450000
451000
452000



(o]

noon

non

Jec
37o
3aQ
390
3ss
arn

410
420
425
«30
440
asc

460
465
a7n
ay0
490
s20
525
s30
540
550
561
570
575
580
S58%

590
593
595
enn
610
€195
€20
621

622
623
€25
e2e
630
635
640
650
660
67C
680
690
700
710
720
725
730
735
740
750
760
770
780
79¢
800
ans
a1n
820
830
840
850

ESS

G) YO aiC

IF(Q(J=1)) 380, 350, 380
IF(T2) 40N, 39C, 399
T==1eC0C

G) TO «1C

T=14000

COUNT AGREEMENTS IN SIGN

IFCTL) 425, az20, 420
IF(TY) a4rf, a3C, 430
IF(T) a2, aan, aa4an
MATCHEMATCH]

T2=71

T1=Y

ESTASLISH TIGHTER BOUNDS ON EIGENVALUES

DO £30 K=] N

IF (K-MATCH) 470, 4T7C, 520
IFCTAU-VALLI(K)) S30, 530, 480
VA_L(K)=TAU

G) TO £3c¢

IFCYAU-VALUIK) ) 525, 530, 530
VALU(K)=TAU

CONTINUVE

IF (VALUCTI)=VALL(1)~5¢00~-16) 570,570,550
IFCVALU(L)) S60, S80, 560

IF (ASSIVALLIL) /7VALLILI)=16000)~500~16) 570.:+570,580
I=1¢1

IFCI=-N) Sar, S40, 590
TAU=(VALL(I)#VALU(L))/2,00D

GO TO 2e6¢

JALOBI EIGENVECTORS BY ROTATIONAL TRIANGULARIZAT ION

IF (M) €53, 890, 593

IEXIT=2

DD 610 I=1,N

D) 610 J=1,.N

Al(lsJd)=CeOC

DI ESO I=1.N

IF (I-1) €25, 625, 621

IF (VALUL(I=1)=VALUII)=5,%0~18) 730,730,622
IF (VALU(I=-1)) €23, 625, 623

IF (A3S(VALUCLI)/VALU(I=1)=140D0)~54CD~14) T730,730+625
CUuS=1400C

SUN=CeNDC

D) 70f J=1,N

IFtJ-1) 680, 680, 640

GJ) 0 900

S(J=1)=SUN

ClJ-1)=CuUs

D(J=1 =TI*sCLS+¢T2% SUN
T1=(OIAG(J)=VALU(I))*CUS-BETA*SUN
T2=SWERD(J)

BE TA=SU+ERD(J)*CLS

DI(N)=T]

D) 72% J=1.N

IND(J)=CeD O

SMALLOD=ANCRM

D) 78C J=1,N

IFCIDINTUIND(J))=1) 750,780,780
IF (ALDS (SMALLD)-ABS (L(J)))T780, 780, 76C
SMALLD=D(J)

NN=J

CONTINUVE

INDI(NN) =1o00N

23JD0S=1000

IF (NN-1) 810, €50, 810

D) B840 K=2+NN

IT=NN+1-K

A(TII+1,1)=C(II)®PROOS
PIJIOS==PRODS*S(II)

A(1,1)=PRODS

FOIM MATRIX PIVOUCT OF ROTATION MATRIX wiTH JACOBI VECTUR MATRIX

DO €8S J=1sN

33

4t 300¢C
454000
455000
45€0GC0
457000
4LECOO
459000
460000
4s1000
462000
463000
4064000
4esC00
466000
4€7000

465000
470000
47100¢
472000
473000
474000
475000
476000
477000
478000
479000
4€0000
481000
482000
4£3000
484000
485000
466000
aE 7000
488000
4689000
450000
491000
452000
4520C0
494000
495000
496000
457000
458000
495000
€cCo000
$01C00
502000
503010
5040C0
50€000
506000
507000
508000
50s0ce
$10000
511000
€12000
513000
£14000
515000
51£000
€17000
1000
£€1$900
520000
521000
€22000
£23000
524000
£25000
€2€000
€27¢€00
528000
525000
£30C00
£€31000



860
865
ar7rn
ars
san

88s2

88s1
88s

8se
a9c

891

laNalal

900
910
920
9.5
930
9ac

(o]

wer

nonn
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D) €6S K=1.N

UIK )=A(K,.J)

D) e8S1 I=1.n
AllI,J)=0e00C

D) EBES2 K=1,.N
AlToJd)=BllekISUIKI®ALLJ)
CINTINUVE

CINTINUE

CIONTINUE

0) BEE 1=14N
NIi=sNe(I-1)

D) 886 J=1,.N

1J=NT &Y

AAC LTI D)I=AC(JW1)

CONTINUVE

D) 891 I=1.N

VALUCL) = VALUCLI)®ORMA
RETURN

CALCULATE SINE AND COSINE OF ANGLE OF ROTATIUN

IF (T2) S1C, S40. S10
T=SORT (T1s82¢T72802)
CUs=TI/TY

SUN=T2/T

GO TO (SC.650), lEXIY
G) TO (16°7°,510), 1EXIT
RETURN

END

SUSROUTINE BURNST(XTR VTR ¢XToVT oW2 +DW2 s WC2,ALPHTV 4 DT+ THRUS s YA, GMU
2)

THIS SUBROUTINE PROPAGATES THE STATE VECTOR THRU THE OURN

IS INPUT IN L8s AND wiLL BE DOIVIDED B8Y G

THRUST MUST BZ IN SAME UNITS AS wGT

IMPLICIY REAL®B(A=H,0-2)

DIMENSION XTR(3)oVTRUI3) oXT(3) oVT(3) oTVII) sHTR(3)4CTR(3I)
CA_L CROSS(XTR,VTRsHTR)

CALL CROSS(HTR,VTR,CTR)

CMAG = FNORMICTR)

VMA G = FNIEM(VTR)

HMAG = FNORMIMTR)

ALPHA = ALPH ¢o0C1745329300

BETA = 14S57C756327020 ¢ALPHA

COSAL = DCOS(ALPHA)

CISBE = DCOS(BZITA)

YAW =YA *o01745329300

SYAw = DSIN(YAW)

CYAw = DCOS(YAwW)

CONVERT LBS TO (KG~-KM / SEC*%2)

Wl = w2 & o00444822170C

Dwl =0w2® ,0C4448221700

WCl=wC2 & (004448221700

THRUSTY = THRUS * ,004448221700

D) 1 I = 1,3

TV(I) = THRLST®* (COSAL®CYAWSVTRII)I/VMAG ¢ COSBESCYAW*CTR( I)/CMAG
1 ¢ SYAWSHTR (1 )/HMAG)

G = 9,806650-3

w = wl/G

Ow = DwW1l/G

wC = wCl/(G*DT)

TEMP = DLIOG(1D0¢WC*DT/(W¢D W)) "
RMAG = FNORM(XTR)

CINTINUVE

D) 21 = 1,2

XT(I) = XTROI)=-GMUR XTR(]) ®*(DT*%2)/(2¢00 ¢RMAG*#3 ) +VTR(I)SDT+TV( 1)#
1 ((WeDWH+WCHOT)/(WC*%2) s TEMP=-IT/WC)

VT(I) = =GMUESXTR(I)®OT/(RMAGS83 )¢VTR(I)I&TV(I)/WCOTEMP
CONTINUVE

RETURN

END

SUBROUTINE PARTAL (PAR,TR,s TVs TS0 +ALPH +BET sTHRUS)

IMPLICIT REAL®E(A-H,0-2)

34

$22000
$33000
€34000
€3s¢0cCo
€3¢e000
$370¢0
538000
$39000
540000
541000
£42000
€43000
544000
545000
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DIVOBLE PRECISION PARIII) s T50(6.+3)
DIMENSION TR(JI) s TVI3), Y(3)e 2(3)
T = THRLSePNDGAAB221700

A_2HA = ALPH /572957795100

VETA = bETY /5T7e2957795100

SALPHA = DSIN (AL™MA)

CA_PHA = DCOSIALPHA)

SBETA = DSINI(BETA)

CHETA = DCOS(BETA)

PAR(141) = CALPHAS® CUETA

PAR(2+1) = =~SALPHASCBETA
PA3(341) = SBETA

PAA(142) = =TeSALPHASCHETA
PA(24s2) = ~TePARI(1 1)
PAR(3.,2) = Ce0O

PARC1+3) = ~TOLALPHA®SIETA
PA23(243) = TSSALPHASSOL TA

PA3(3,3) = TeCBETA
VM = FNORM(TV)

CA.L CROSS (TR,TV.2)
CALL CROSS (Zs TV, Y)
YM = FNORM(Y)

ZM = FNORM(Z)

D) 1 I=1,3

TSO(Is1) = TV(L)/VM
TS0(1,2)=Y(1) /7Y™
TS0(143) = 2(1) /2m
CONTINUE

RETURN

END

SUBROUTINE POWERX(XTe VT XLT s XMT o XMDOTT oTT o GMBOD ,TSP,P,PM)

THIS SULOROLTINE COMPUTES THE STATE TRANSITION MATRICES P,Q4R
AT TIME T DURING POWERED FLIGHT ,AND THE FORWARD PROPAGAT ION

MATRIX PwMm,

IMPLICIY REALSB(A-H K-2)

DIMENSION XT(3) oVT(3) o XLTI(3) ¢ XTR(3) s VIRI3) +LTRI3I)+sP(6E+B)s PHT 5, I3)

D) 30 121,33

XT(1) = XY(1) .
vTa(r) s vv(l)

LYCL) = XL V(1)

MTI=XMT

MDITTYR = XMDOTT

T2 = 717

GMB300Y = GMBOD

T = TSP

RSQ = ( XTR(1)%82 ¢ XTR(2)%%2 ¢ XTR(3)*s2 )
RCUBE = RSQ * DSQRT(RSQ)

DY = ¥ - TR

A = GMBODY 7/ RCUBE

A = DY

B8 * OT/2¢0000

3¢00CO = C /7 RSQ

DY 7/ RCUBE

E & DT/ 20000

30000 = B / RSQ

MTR ¢ MDOTTR =#= DT

DLOGI(H/Z MTR) /7 MODUTTR

J1 1 = 1.3

D) 2 J = 1,3

2(1ed) = D *® XTR(I) *= XTR(J)

P(lsJe¢3) = 00,0000

P(I¢3:,J) = G * XTR(I) ®= XTR(J)
P(1¢3,043) = 0,0000

IF ( I eNEe J ) GO TO 2

3(Led) = P(I4J) ¢ 10000 - C

P(leJ#2) =0T

P(143,J ) = P(le¢3,J) - B

P(I¢3,0¢3) = 10000

CINTINUE

CONTINUE

MAG = DSORTILTR(1)&22¢LTR(2)*%2+LTR(3) *s2)
<1 = MDOTTR#K

XTERM = =(DT=(MTR/MDOTTR+DT)*K1)/MOOTTR

8
C
+]
E
F
G
H
<
[}
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KTEIMLI= (2400008) 7~ (26000086 MTR/MROTTR4DT ) OKL)Z(MOOTTREMAGSS2)
D) 10 1=1,23
DD 10 J=1,3
P Lo J)EXTERMISLTRILIOLTRIY)
IF(1eEQeJd) PMIT 4J) = PM(I 4J)eXTERM
10 CONTINUE
KTEAM] = =(K 1 /MAG-MDUTTRODT/Z(MAG*H) )/ (MUOTTROMAG)
D) 20 1=4,¢
D) 20 J=1.3
PM(T1eJd) = XTERMISLTR(I=3)*LTR(J)
IFCI-3ebUeJ) PMIL J) = PMIL 4J)eK
20 CIOINTINUE
RETURN
END

SUBROUTINE MTRPLY (A 3,CsNRAy NCA, NCH, NASNByNC)

IMPLICIY REAL®E(A-H,0-2)
DIUBLE PRL "ISION AINAGL) s dINBsl)e CINC,HL)
00 1 I=14Nhn
DI 1 J=].NCH
Clled) = 0eD"
D) 1 K=]14NCA
ClIed) = C(I4J) ¢ A(IK)®B(K,J)
1 CONTINUE
RETURN
END

SUBROUTINE TWOBD Y(SOTAUSMU ,PSI +SePsPl sPMUPIMIY sACCIACCOIRIRO)

GENERAL SOLUTION OF TwO BODY PROBLENM wiTH PARTIAL UVERIVATIVES
FORTRAN & DOUILE PRECISION SUBRQUTINE FOR IuM 7094 wiITH [BSYS SYSTEM
SEE APIIL 1965 ASTRONOMICAL JCURNAL FOR FORNULATION BY wWe Me GOODYEAR

CALL ING SEQUENCE IS AS FOLLOWwWS
CA_L TWOBDY(SOsTAUsMUPSI 4SeP+PI ¢PMU,POMU,ACC,ACCO+RIRO)

DOUBLE PRECISION QUANTITIES IN CALLING SEGUENCE ARE AS FCLLOWS
IM2LICIT REAL®B(A-4,0-2)
DOUBLE PRECISION SO(6) s TAU,MU,.PSI
1eS(6)eP(646)e21(646) +PMULB) +POMUIS) ¢ACC(3) sACCO(3) 4Ry RO

INPUTS
SO(1)+S0(2)sS0(3)=X0,Y0,20=POSITION COMPONENTS AT REFERENCE TIME TO
SO0(A4)sS0(S)eSO0(E6)=XDCeYDO0,ZDO=VELOCITY COMPUNENTS AT REFERENCE TIME TO
TAU=TIME INTERVAL (T7-TO) FROM REFERENCE TIME TO TO SOLUTICON TIME T
MU=CONSTANT IN DIFFERENTIAL EQUATIONS (XDDoYDD+ZDD)==MUS(X oY eZ)/(R*%3)
PSI=APPROXIMATION FOR FINAL SOLUTION PSI OF KEPLER'S EQUATION

OUTPUTS
PSI=GENERALIZED ECCENTRIC ANOMALY=SOLUTICN CF KEPLERS EQUATION
S(1)eS(2)eS(3)=2X,Ys2=POSITION COMPINENTS AT SOLUTION TIME T=TO+TAU
S(8)eS(S)eSIE)=XDeYD+Z0=VELOCITY COMFONENTS AT SOLJTION TIME T=TO¢TAU
P(I1,J)=PARTIAL DERIVATIVE DS(I)/DSO(J» OF S(I) WITH RE3SPECT TO S$0(J)
PI(I+J)=PARTIAL OSO(I)/7DS(J) WITH ROLES OF TO AND T REVERSEU
PMU( T)=PARTIAL DS(I)/DMU OF S(I) WITH RESPECTY TO MJ
POMUC 1) =PARTIAL DSO(I)/0OMU WITH ROLES OF TC AND T REVERSED
ACC(I)=-MUsS(1)/(R®%3)=ACCELERATION COMFONENT AT SOLUTION TIME T
ACCO(I)=-MUsSO(I)/(RO**3) =ACCELERATIOiv COMPCMENT AT REFERENCE TIME TO
R=RADIUS AT TIME T=SQUARE ROOT OF (X42Z+Vesc:iZss2)
RO=RADIUS AT TIME TO=SQUARE RCOT OF (X0 *82¢Y0%82+42D2s2)

ADDITIONAL DOUBLE PRECISION QUANTITIES FOR COMPUT AT TON
E9SIGOALPHA ¢PSINPSIP A JAPCO+C1 ¢C2sCI4CAC5X3,5.,52¢S3+sCTAULDTAUN
3:0TAUP s UsFM1 4G oFD 4yGOMI

START OF INITIAL COMPUTATIONS

CIMPUTE RADIUS RO=SQUARE ROOT OF (X0%#2¢Y0ss24+20%%2)
S1=DMAX?!(DABS(S0(1))) +DABS(S0(2)) +DABS(S0(3)))
S2=(S0(1)/S1)882+(S0(2)/S1)%%2¢(S0(3)/S51) %2
R0=2,00

10 ¥I=R0O

RO=(R+S2/R)*¢S00
IF(ROeLTeR) GO TO 10
RO=RO*S1

COMPUTE OTHER PARAMETERS
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SIGO=S0(1)¢SN(4)¢S0(2)0S0(5)¢S50(3)*S0(6)
AL2HA=SC(4)902450(5)082¢S0(6) 082 2,00 eMu/RD
INITIACIZE SERIES MOU COUNTY M TO ZERC
M=0
INITIACIZE BUUNDS PSIN ANO PSIP FUR P51 OR SET PSI1=0 IF Taus0
IF(TAU) 20,30,40
20 PSIN==1e0De38
ASIP=040LC
DTAUN=P S IN
DYAUPR == TAU
G) TO s¢C
30 751 =0,0C
GJ TO 100
40 PSIN=0.DC
PSIP=¢1eDe 38
OTAUNE=-TAU
OYAUP =P E]P
USE ARPPROXIMATION FOR PS! IF IT IS DETWEEN BOUNDS PSIN AND PSIP
SO IF(PSIeGTePSINGANDePSIeLTePSIP) GU TO 100
TRY NEWTON®*S METHOD FOR INITIAL PSI SET EQUAL YO ZERO
2SI=TAU/RC
SEY 2S1=TAU IF NEWTON'S METHOD FAILS
IF(PSIelLE ePSINeORePSIeGEePSIF) PSI=TAU
END OF INITIAL COMPUTATIONS

BEGINNING OF LOOP FOR SOLVING KEPLER'S EUUATION
BEGINNING OF SERIES SUMMATION

COMPUTE ARGUMENT A IN REDUCED SERIES OUBTAINED BY FACTORING OUT PSI'S

109 AzALPHAS®P SI#PS]
IF(DABS(A)elLEsleDO) GO TO 120
SAVE A IN AP AND MOD A IF IT EXCEEDS UNITY IN MAGNITUODE
APz A
110 M=ve]
AzA®,250C
IF(DABS(A)eGTeleDC) GU TO 110
SUM SZYES CSX3=36SS/PS[*e5 AND Ca=S4/PS1*=4

120 CSX3=(1eDC#(1600+4(1,00¢(1600¢(1eD0¢(1000¢(1e00+A/342,00)8A/7272400)

1#A/21CeD0)*A/1564D0) SA/110eD0)®A/72,00)*A/782400)7480 00

Ca =(1eLCH( 1020+ (1e00+(1e00+(1eD0+(1eD0+(1e00¢A/3064D0)%A/7240,00)

1A/ 182eDC)*A/132,00) TA/90e0D0)*A/SEeD0) A/ 30600 )/ 24400
COMPUTE SERILS C3=S53/PS1#%%3,02=52/P51%82,C1=551/P51.CC=50
C3=2(oSOC+A*CS5X3) /3,00
C2= oSDCe+A®CAH
Cl= 14DC+A®C3
CO= 1eDCeARC2
IF(MeLE«C) GO TO 14n
DEMID SERIES CC AND C1 IF NECESSARY wITH DOUBLE ANGLE FORMULAS
130 Ci=Cl=CQC
CO=2,00%CP e N=14,09
LELES
IF(MeGToeC) GO TO 130
DETERMINE ~2+sC34CA4,C5X3 FROM CD+C1 ,AF IF DEMDD REQJUIRED
C2=(CP=1:00)/7AP
C3=(C1-1ec )/7AP
Ca=(C2=¢0N) /AP
CSX3=( 3,0C*C3-4500) 7AP
CIMAPUTE SERIES S1,52+5S3 FROM C1 +C2,C3
140 S1=C1*PSI]
S2=C2¢P SlspPE]
S3=C3sP SI*P E1sP S
END JF SERIES SUMMATION
COMPUTE RESIDUAL DTAU AND SLOPE R FOR KEPLER'3 EQUATION
G=0%S1+4S1G0sS2
DTAU=(GeMUS E3)~TAU
R=DABS(RO*CC+(SIGN*S1+MUSS2))
IF(DTAU) 2CC.30C,210
RESET BOUND
200 PSIN=PSI
DTAUIN=DTAU
G) TO 220
21C PSIP=PSI
DTAUWP =DTAU
TRY NEWTON®*S METHOD AND INITIALIZE SELECTOR N
220 PSI=PSI-DTAU/R
N=0
ACCE?T PST IF IT IS BETWEEN BOUNDS PSIN AND PSIP
230 IF(PS1eGTePSINeANDePSIe LTePSIP). GO TO 100
SELECT ALTERNATE METHOD OF COMPUTING PSI OR STOP ITERATIONS
N=N¢+1
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G) TO (1+2+2:8,300) N

TAY INCREMENTING 30UND i T4 DTAU MEAREST ZEWKU HBY THE RATIO AsUTAUW/ TAU
1 TIF(DABS(ODTAUN)eLTOABSIOTAUR)) PSI=PSINS(1.00~(4,00%OTAUNI/TAY)
IF(DAUSIDTALP oL TeDABSIOTAUNI ) PSI=PSIPe(1s00~(4,00%0TAUP)/TAU)

GJ) YO 230
YRY DIUBL ING BOUND CLOSEST YO ZERO
2 TFIUTAULGT«0,00) PSI=PSIN¢PSIN
IFCTAUGL Te0,00) PSI=PSIPePSIP
GO YO 230
TRY INTERPOLATION BeTeEEN BOUNDS
3 PSI=PSINC(PSIP=-PSINI®(-DTAUN/(DTAUP-DTAUN))
G YO 220
TRY HALVING BETWEEN BUUNDS
4 PSI=PSINC(PSIP=-PSINI® 500
GO YO 230
END OF LOOUP FOR SOLVING KEPLLR'S EQUATION

COMPUTE REMAINING THRLE OF FOUR FUNCTIOUNS FN1 ,GsFDsGOM)

300 FM1=-MUSS2/R0
FOs=MUsEL1/RO/R
GOM 1 =-MU® 52/R
COMPUTE COORDINATES AT SOLUTICN TIME T=TO¢TAU
D0 310 1=1,3
S(I)=SO(1)¢(FML1eSOLI)eGeSO(L¢3))
S(I43)2(FD*SOITII4GOMI*SO(TI+3))¢S0(1+3)
COMPUTE ACCELERATIONS
ACCC Y )==MUsS(I)/R/R/R
310 ACCO(I)=-MU*SO(]1)/RO/RO/RO
END OF COMPUTATION FOR COORDINATES AND ACCELERATIONS

COMPUTATION OF PARYIAL DERIVATIVES
COMPUTE COEFFICIENTYS FOR STATE PARTIALS
Uz S28TAUMUS (CA-CSX3)+PSI+PSIoPSI*PSLRSI
2(131 )= (FD*S1+FM1/RO) /RO
P(1+s2)=-FD#S2
P(2¢s1)= FMI*S]1 /RO
P(2,2)= FM1sS2
Pl1:43)= P(1,2)
Pl1,4)=-GOM1+S2
Pl2:3)= P(2,2)
P(2.,4)= GsS2
P(3,1)=-FD*(CO/RO/M+1,DO0/R/R¢*100/7RO0/R0O)
3(3,2)==(FDe S1¢GDMI /R) /R
Pl(asl)==Pll,1)
Pl(a,2)==P(1,2)
2(3:3)= P(3,2)
P(3:,4)=-GDN18S1 /R
P(a,3)==P(1,2)
P(4a,4)=-P(1,4)
COMPUTE COEFFICIENTS FOR MU PARTIALS
2(1+8)==S1/ROR
P(2:5)= S2/R0O
Pl 3:,8)= U/MC-S3
Pll1s€)==P(1,5)
Pt2.€8)= S2/R
P(3:6)=-U/R+S3
DO 400 I=1,3
COMPUTE MU PARTIALS
PHMUCE)==S(I)*P(2:,5)¢S(1+3)%P(3,5)
PUUCT*3)= S(I)*P(1:S)+S(L+3)8P(2:5)¢ACCLI)*P(3,5)
PONUL 1) ==SOLT)I*P(2,6)¢+SO(TI+3)I*P(3,5)

POMUCI+3)= SO(I)I*P(1+6)¢SO(1¢3)%P(2:6)+ACCO(1)*P(3,6)

MATRIX ACCUMULATIONS FOR STATE PARTIALS
D0 400 J=1,4
PI(Jel)= PLJIL1I*SO(TII*P(J,2)9S0(1+3)
400 PI(Jel¢3)= P(Js3)%SO(I)eP(Je8)2S0(1¢3)
DY &810 1=1,3 = o
DO 420 J=1,3

PlL1sJ) =S(II®PI(14J) +SCI43)%PI(2,J) #USS(I43)#ACCOLY)
P(1eJe3) =S(1)SPII1+043)¢S(143)8P1(24J43)-UeS(1+3)950(J+3)
PLI®3:J) =S(IIEPI(3,J) +S(I+3)P1(8,J) FUSACCIII®ACCO(Y)
420 PI43:J#3)=SUIISPLILU3+J¢3)+S(1¢3)*PL(4,043)-USACC(1)8S0(J¢3)

(1.1} = (1. 1) #FM1 #1,00

Pllel®3) =P(1.1¢3) +6G

P(I#3:.1) =P(1#¢3,i). +FD
410 PULI43,143)=P(1+3,1¢3)¢GDM1+1,00
TRANSPOSITIONS FOR INVERSE STATE PARTIALS

0D 430 I=1,3

DO 430 J=1,3 = = : e
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430
END

END

PllJedsled)s (1)

2I0J+¢2,: 1) s=Plle3,:0)

At Jdele) =Pl eJded)

PICJ. 1) = PlLe3,003)

OF COMPUTATION FOW PASTIAL ULKRIVATIVES

OF PROGFAM = ALL OUTPUTS HAVE oLEN COMBYTED
RETURN
LND

SUSROUTINE CONVEY (PR ,VeikePQ)

K=l NO TRANSFORMATIONMN

K=2 POTRANSE DRMED FRCM LOCAL TANGLAT TC LWATOR 50
xK=0 P TRANSFORMED FRCM EQUATOR SO0 TO LUCAL TANGLNT

Q IS Tt TRANSFORMATIUN
IMPLICITY REALSBIA-M,0=-2)
DIVBLE PRECISION P(Bs5) s UlB8) s DUM, PLIGS)
OIMENSION R(3)s VI(3)s RXVI3), RXVXR(3)
IF (K otGe 1) RETURN
CALL CROSS (RyveRxXV)

CA.L CROSS (RXv,y, Ry, RAVXR)
AN = FNORMIK)
REXVN = FNORM{wXV)
RXVERN = FNORM(RXVXR)
DD 1 I=1,.3
QUlel) = PXVXR(I) /RXVXRN
QUEIs2) = RXVII) /ZRXVN
Q(l+3) = RUI) /RN
DI 2 J=1,3
QUEI¢3 4Je3) = Q1.+
A(1¢3, J) = 000
Q(Is Je3) = D400
CINTINUE
CONTINUE
IF (K otEGe 2) GO TO 3
D) &4 I=1,6
D) S J=1.1
DUM = Q(I.J)
Qlled) = QLI 1)
AJe1) = DULM
CONTINLE
CALL MTRX (Qes Py PQs 64 64~1)
RETURN
END

SUIROUTINE MTRX(A 43 sQeNR ¢NC ¢ M)

IMPLICITY REAL®B8(A-H,0~2)
DIUBLE PHECISION A,Jd+CsDe@
DIMENSIUN A(6H,6) ¢3INRNC) +C(O46) +D(6) +Q(5,46)
=0 GIVES G=AB

Mz=1 GIVES Q=ABATRANSPOSE
D) 7 I=1.6

D3 1 J=1,.NC

Oty )=neDC

D) 1 K=1.NR

DI I=CCIDAC] oKI®BUK,J)
IF(M) 4,2,4

CONTINUE

D3 3 J=1,.,NC

CllsJd)=00I)

G) YO 7

DD S J=1+6

CllsJ)=CeDO

D) S5 K=]1,4NC
ClIsJ)I=C(T1,J)eDIKI®A(J,K)
CINTINUVE

D) 8 I=1,6¢

D) 8 JU=1.6

(10 0)=C(1,43)

REVTURN

END

SUBROUTINE TAOD1 (A,S:NOVAR UBOFREGePCT 4STATS NUGeNV)
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REAL®E 2(a)

DIMENSION ACED)oSUL) oUBGEL D oF REQULD) oPCT L) oSTATS(L)

DIMENSION a8 (3)

DO S 1 = 1,2

e8l(1) = Wwotn)

VM IN leCE 7S

VMAX = «140C 7%

1J = NO®(NOVAR=-1)

D) 30 J = 14NO

1J = 1Je1

IF (StJ)) 1C,30,10

IF (ACTJ)=-VWMIN) 15,20,20
VMIN = A(1J)

IF (A(LJ)=-VMAX) 3C,30.25
VMAX = A(L1J)

CINTINUE

STATS(A) = VMIN

STATS(S) = wvMAX

IF (UBD(1)-LBOC3)) &C,35,40

UBoll) = WMIN
VEJ(3) = VMAX
INN = UBO(2)

D) 45 1 = 1,INN
FREQ(L) = 0,0
PCT(I) = 0,.C

D) SO0 I = 1,3
Z(1) = CeDO
STATS(1) = 060

SINY = ABS((UBO(3)-UBOC(L) )/ (UBO(2)~260))

SCNY = Q.0

IJ = NO®(NOVAR~-1)

DD 78 J = | «NO

IJ = 1J¢1

IF (StJ)) SE.75,.55

SCNT = SCNT¢1,0

STATS(1) = STATS(1)¢A(L D)

ST ATS(2) = STATSI(3V¢A(TIJISA(TIV)

Z2(4) = A(1Y)

201) = 2(1)+¢2(8)

Z(3) = 2(3)e2(4)%s2

TEM? = UBO(1)=-SINTY

INTX = INN=-1

D) 60 I = 1,INTX

TEMP = TEMP+SINTY

IF (A(L1J)-TEMP) 70,6C,60
CIOINTINUVE

IF (ACL1J)-TEMP) 75.:6%5.,06%

FREQUINN) = FREQUINN)#*1,0

Gd To 7¢

FREQ(I) = FREQ(I)+1,0
CINTINUVE

STATS(1) = 2(1)
STATS(3) = 2(3)

0O 80 1 = 1,INN

PCT(I) = FREQ(I)*10060/SCNT

IF (SCNT-14C) 8%5,85,50
STATS(Z) = Ce0
STATS(3) = Ce0

G) YO s¢
STATS(2)
STATS(3)
D) 100 I = 1,3
UBJIC(I) = weO(1)
RETURN

END

STATS(1)/SCNT

REAL FUNCTION DOT#8(X,Y)

IMPLICIT REAL®B(A-H,0-2)
DIVMENSION X(3)eY(3)

DOT = X(1)eY(1) ¢+ X(2)*Y(2)

RETURN
EMD

¢ X(3)sY(3)

SORTI(ABS((STATS(3)~STATS(1)#STATS{1)/SCNT)I/(SCNT~=1,0)))

40

$%e000
999000
1000000
1€01000
10€z000
1003000
1004000
1605000
1008000
1coroo0
1ccecO0
1005000
1010000
1011000
1012000
1C13000
1014000
1015000
1010000
1017000
1018000
1019000
1020000
1c21000
1022000
1023000
1024000
1025000
1026000
1027000
1028000
1025000
1030000
1031000
1032000
1033000
1034000
1035000
1036000
137000
1038000
1039000
1040000
1041000
1042000
1043000
1064000
1045000
1046000
1047000
1048000
1045000
1050000
1051000
1052000
1082000
1054000
1055000
1056000
1057¢ 20
1cse C .,
1cs¥ave
106( ,ut
1061072
10, 20C™
10-.3¢2¢0

1064000
1065000
1066000
1067000
1068000
1069000
107¢0C00
1071000

1072000



Fa)

AN

nnn

AEAL FUNCTION ARKTNG®S (NX,Y) 1073000

1074000

[MPLICLY REALOH(A=H ,0~2) 1075000
COIMPUTL S 4-UUAUDRANT ARCTANMNGENT OF YZ/7X IN RADI ANS 1076000
N=360 ANGLE LIES IN RANGE (0,360) DEG 1¢77000
NEIB0  ANGLE LIES IN RANGE (~189,180) OLG 1070000
IOl seel2b31L23CT1 75808000 1079000
XA =DABS(X) 1080000
YA=DABSIY) 1081000
IF(XA=YA)L141 42 1082000

| ZsxX/YA 1082000
G) TO 3 1064060

2 1=Y/XA 1085000
YA =xA 1086000

3 D=0SART(1.00N42%2) 1Cav000
YA=YASD ¢ X 1088000
IFLYA)A 8,5 1C89%000

4 AKX INS=TPL/24000 1€v0000
GO YO & 1091000

S AIKTINS=2400C*0ATAN(Y/VA) 1692000
6 IFI(N-18C)T7,5.7 1053000
7 IF(ARKTINS)E D9 194000
B AIKTINS=ARKTNSe TPL 1055000
9 RETURN 10¥6000
END 1057000
1058000

REAL FUNCTION FNORM®B(X) 1099000
1100000

IMPLICIT REAL®BI(A-H,0-2) 1101000
DIMENSION Xx(3) 1102000

1 FNORM =OSORT(X(1)®e2eX(2)802¢X(3)082) 1103000
3 RETURN 1104000
END 1105000
116050

SUBROUTINE CROSS(A,8,C) 1107000
1108000

IMPLICIY REAL®B(A-H,0-2) 1105000
DIMENSION A(3).8(3),C(3) 1110000
DIMENSION A(3).8(3) ,C(3) 1111000
COLI=A(2)03(3)~A(3)*B(2) 1112000
Cl2)=A(2)*B(1)-A(1)®B()I) 1113000
Cl3)=Al1)IsBC2)~A(2)%B(1) 1114000
RETURN 1115000
END 1116000
1117000

SUBROUTINE ORB(X,DXsUsDE) 1118000
1119000

IMPLICIY REAL®B(A-H ,0~-2) 1120000
DEIMENSION DE(6) 1121000
DIMENSION X(3)DX(X),0(3) 1122000

THE FOLLIOWING STATEMENT(S) HMAVE BEEN MANUFACTURED BY THE TRANSLATOR TO 11223000
CIMIENSATE FOR THE FACT THAT EQUI VALENCE DOES NOT REORDER COMMON=-=-- 1124000

DIMENSION X(3),0X(3),.8(3) 1124010
CA_L CROSS(XsDXeB) 1126430
2 = DOT(XeX) 1127000
A = DSOURT(R2) 11286000
V2 = DOY(UX,0X) 1129000
82 = DOT(B,B) 1130000
b8 = DSORT(B2) 1121000
A=DOT(X,0X)/7V 1132000
] = B2/L 1133000
C3 = V2-24000%U/R 1134000
SUA=-U/sC3 1135000
ECC=DSURT(1.,000¢CI3*P/U) 1136000
OINC= ARKTNS(180,8(3) DSART(B(1) *s2¢0(20)982)) 1137000
OMG= ARKTNS(360,-8(2),8(1)) ’ 1138000
RCA=P /( 1.0D00¢ECC) 1139000
THT=ARK TNS(360,(P-R) ,8B8%A) 1140000
BET= ARKTNS(J36N ¢X(2)1#3(1)~X(1)*B(2)+X(3)=88) 1141000
BE?= BET-THY i142000
IF(BEP) 24343 1142000
2 BEP=BEP¢€,2831€%300 1144000
3 CINTINUE 1145000
RTD=57¢2557765100 1146000

41



201

10

11

12

13

14

11

QINC=OINCORTD

OMG=OMGAR TD

BEP sBEPSRTD

TEAIVEDSOARTIC 342, N0DOY/RCA)
VIMPSPERV=-D SQATIU/RCA)
CYASsS(P/R~-14000) /ECC

IF(CTASOL Te100040Re (CTAS~100D0)eGTeleD~6) GO YO 200

STAS=0,00

G) YO 201
STAS=DSQRTT140D0-CTASSCTAS)
STASsDSIGN(STAS A)

CONTINUVE

THE=ARK TNS( 1 80+CTAS,S5TAS)
THE T=YHE SR TD

CALL TCONIC (UECC o SMA (P THE +TPER oF ACQC)
TPER=TPER/86400,000
IF(SMA)IC,10,11

CONTINUVE

¢) YO 12
Fil1=ASUL/OSQRTIUS SMA)
F2=140D0~R/SMA

SINE=F 1 /ECC

CISE=sF2/eCC
E=ARKTNS(3€0.COSE +SINE)
XKMANS(E~ECCS®SINE)SRTD

CINTINUE
JE(1) = ECC
JE(2) = SMA
JE(2) = OINC
JE(4) = OMG
0E(S) = BEP
JEL6) = THETY
RETURN

END

SUBROUTINE TCONICIUJECASLR.TA2 ,T,FAC)

IMPLICIT REAL®B(A-H,0-2)
YANG(QOOCFL ) =0SIN(QCOOF L) Z/OCOS(QO0OFL)
AB=DABI(A)

FAC=Ad®DSu~T{AaB/ZV)
ECAZ(1efOO-EC)/(160D0¢FC)
ABE=DSORT(CABS(ECA))

THE=TANG{ «SDO®TA2)
IF(ABE=-¢0000500)11411,12

CONTINUE

ECA=2,00C*DATAN(ABE® THE )
IF(A)14,11+13
T=FAC*(ECA-EC*DSINI(ECA))

GJ) YO 1¢&

ANG=o7223S81€300+¢500%:CA
T2FACS(EC® TANGI(ECA) -DLOG(TANG(ANG)))
G3 YO 1¢

FAC=DSORT(SLR**3/1)%2,000/((10004C5C) *82)

ECL1=ECA®*THE®**2

TEFACS{ THE¢ THE*E 3% (Te ODD =2 ¢ ODOUSECA) 734000 ~(2e0D0 -3 s0DISECA)ISE . 1/5
100004( 34001 400DOSECA)*EC1#82/7,000~ (400005000 *ECA)*ECLI*$3/" 4C00
*))

16 CONTINUE

RETURN
END

SUBROUTINE HISTO (TITLE ¢NAME ;,PeXoeXMoXSehAPyXNOMsN3)
DIVMENSION TITLE(2C) NAME(2) oP(1 NeX(1) :ALL(S0)

DAT/ BLANK/® Y/

DATA EYE/*LY/

WIITE (€,600) TITLE

WRITE (€4,610) NAME s XNOM o XMy XS oy N3
AALATE (66,6205 M(1)ePUL1)P(1)
PMAX = P(1)

DI 10 I = 24NP

PMAX = AMAX1(PMAX,P(I))

CINTINUVE

DP = 408

IF (PMAXeGTe2e5) DP = 41
IF (FMAXeGTeSe0) DP = o2
IF (PMAXeGTel10e) DP = o5
IF (PMAXeGTe2% 9 OF ¥ 1,
IF (PMAXeGTaSNe) DP = 26

42

1147000
1148000
1149000
1150000
1121000
1182070
1153000
1154000
1155000
1156000
1187000
1158000
1159000
1160000
1161000
1162000
1163000
1164000
1162000
1166000
1167000
1168000
1169000
1170000
1171000
1172000
1173000
1174000
1175000
11760006
1177000
1178000
1179¢00
1180000

1181000
1182000
1183000
£184000
1182000
11880¢C0
1187000
1188000
1189000
1190000
1191000
1152000
1193000
1194000
1195000
119€000
1197000
1158000
1199000
1200000
1201000
1202000
1203000
1201000
1208000
1206000
1207000

1208000
1209000
1210000
1211000
i212000
1213000
1214000
1215000
121€000
1217000
1218000
1219000
1220000
1221000
1222000
1223000
1224000



20

30

a0

o3
LI
So

600

620 FIIMAT (/S5X.* PCTe
CSUMT/SX, "

D) 20 1 = 1,50
ALLCT) = BLANK
CONTINVE

ALN © DPeSO,
Sum = P(1)

D3 S0 1 = 1,50
D) 30 J = 1.NP
IF
CONTINUVE

121 = Je¢1)

SUM = SUMP (T
IF (leGTaNP=~2)

(P(JIOP /200 GE s ALN)

GO Tu 40

ALL (D)

= EVE

WRILTE (€650 ALNALL JIPL oX(1) oX(L1¢1)oP(I¢1).SUM

G) TC ag
IF (1eGTeNP=~1)
wllTE
GO TO a0
WRITE (€,65C)
ALN = ALN-DP
CINTINUVE
WAIITE (6.,670)
WRLITE (6,68C)

GO TO a5

ALNALL

(Lol=SeNP,.S)

RETURN
FOIMAT (1H1.4X,20A8)

2

FREUe " oSO0X,SX,*

1 MINUS [INFe

CEWB60) ALNALL JIPL (L) sF(I®1) SUM

T SOXISX IX " INTERVALS® (12K ,"PCT ¢ FREQGe" s SXx,
*JIPELZ2e4,0P2F12e7)

610 FIAIMAT (SX 204 2X e "NOMINAL=" sl PEL2~4 ¢2X o" MEAN=" , IPE1204, 2X,

2

*SIGMA ="', IPEL12e8¢2X*SAMPLE=",16)

650 FORMATY (EXoFSe o1 XeS0AL +SXeI3s1 XelP2E1264,0P2F12e7)
660 FIAIMAT (SXoFSe2s1 X,50A1 vSXsI341PELIeb,’
670 FIORMAT (S5X.6X,2015)

680 FIORMAY (SX.6X,

100

END

SXe*'l N TE RV AL

PLUS INFe

*O0P2F12eT7)

SUBROUTINE DELVS (ARARP JASIESAL JAIS APF oAMU,LVS)
IM2LICIY REAL®B(A-H,0~-2)

RAS
RPS
VAS
VPsS
ANA
ANP
VA
v
VAN 1
vaNi
vaNZ2
vaNz
OVA1l
Dva 2
Ov2)
Dva2

=

ASs(1eDO¢ES)
AS®(1,00-ES)

DSQRT( XMU® (2, DO/RAS~1 «DO/AS) )
DSGRT( XMUS (2o DC/RPS~-1e0L0/7AS))

(RA+RPS) /72000
(RP#RAS) /2,00

ODSQRT( XMU® (2oDO0/RA~10D0/A
ODSQRT(XMU® (2,00/RP~]1¢D0O/A

)
M)

DSART( XMU®* (2oD0/RA=1eDO/ANA) )
DSQRT( XML®* (2.D0/RP~1eDO/ANP) )
DSQRT( XMUS (2eD0/RPS~1e007ANA) )
DSQART(XMUS (2eD0/RAS~1eD0/ANP))

DABS(VANL-VA)
OABS(VAN2-VPS)
DABSI{VPNI1-VP)
DABS(VPN2-VAS)

IF (AISeGEe0QeDO) GO TO 100
OVS = DMINLI(DVAL1+4DVA2,0VP14DVP2).

RETURN

CAPF = DCOS(APF)
R1 = RP®RA/A

R2 = RPSRA/A /(1D
R3 =

R4 =

RS =

R6 =

R7 =

R8 =

vVl = DSORTY

v2 = DSQRT

V3 = DSQRT

VA = DSQART

VS = DSQRT

V6 = DSQRT

V7?7 = DSQRT

V8 = DSORT

Ol = DABS(AI-ALS)
DVS = DMIN1 (DI*VI+DVAL1+DVAZ,
I3

3

aQ

RETURN

END

/(1eDO*(RA/ZA

(RA/ZA

=1e¢0D0) *CAPF)
=1¢D0) $CAPF)

RPSSRA/ANA/(1e Nt (RA/ANA=100D0) $CAPF)
RP SSRA/ANA /(1e6D0~-(RA/Z/ANA~-14D0) SCAPF)
RPE®RAS/ANP /(1eD0¢ (RAS/ANP—]1 ¢0D0) $CAPF)
RPERPAS/ANP/(1eD0~(RAS/ANP~1eD0)sCAPF)
RP S*RAS/AS/(1eD00+ (RAS/AS~.¢0D0) ¢CAPF)
RP S¢RAS/AS/(1eD00-(RAS/AS~100D0) ¢CAPF)

(XMUS (2¢DO0/R1 -1 DAO/A
( XMU% (2,00/R2~-14D0O/A
(XMU% (20 D0/R3~-1D00/ANA))
({ XMUS (2 D0/R4-1D0/ANA))
( XMU# (2o D0/RS~14DOZANF))
(XMU® (2DN/RE6~1Lc NO/ANF))
(XMUS (2,00/R7-14D0D/AS))
(XMUR(2,D0/RB8~1eD0/AS})

DY sV2+¢DvAl

+DvA2,

DI V2+¢DVFI4DVP2 s DISVI+DVALF*DV A2,

DI*VvS+¢DVPLI4DVP2,

DI sv6+DVP1

+0VP2,

DIeVB¢DVAL+DVA2, DISV74DVPL1+DVP2,

43

DIsvIi+OVPI4LVPZ,
DISVA +DVAL+DVA2,
DI®V7¢CVAL ¢DVA2,
OlevaeDVP1leDVP2)

1225000
1226000
1227000
1228000
1229000
1230000
1231000
1232000
1233000
1234000
1235000
123¢000
“237000
1230000
123%000
1240000
1241000
1242000
1243000
1244000
1248000
1246000
1247000
1248000
1249000
1250000
1251000
1252000
1263000
1254000
125€000
1256000
1257000

1258000
1259000
1289100
1289200
1256300
1259400
1261000
12€2000
1263000
1264000
1265000
1266000
12¢7000
1268000
1269000
1270000
1271000
1272000
1273000
1274000
1235000
127€000
1277000
1276000
1279000
1280000
1281000
1262000
1202100
1282200
1283000
1282 .0
12859000
1286000
12867000
1288000
1288100
1228200
1269000
1290000 E
1291000
1292000
1293000
1294000
1295000





