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ABSTRACT

This Technical Memorandum describes the Single

Precision Orbit Determination Program which was developed for

operation under the data processing system of the Space Flight

Operations Facility, Included are sections containing flow dia-

grams, load maps, the common storage map, input and ocutput

descriptions, subroutine writeups, operating instructions, and

check cases. The computfational methods employed by the pro-

gram are described in the subroutine documentation.

I. INTRODUCTION

The Single Precision Orbit Determination Program (SPODP; more

commonly expressed as ODP) for the IBM 7094 computer was written to meet

the specifications of the Jet Propulsion Liaboratory for a reliable and accurate

method of tracking and predicting the motion of lunar and interplanetary space-

craft. The uses of the ODP may conveniently be separated into real-time and

nonreal-time applications.

Real-time applications:

1.

2,

To establish a reliable set of orbital elements for the space-
craft,

To provide an acquisition ephemeris for the world-wide net-
work of tracking stations.

To assist JPL engineers in evaluating the performance of

tracking stations and the quality of tracking data.

Nonreal-time applications:

1.

To provide a high-speed computing method necessary for
orbit determination and tracking data accuracy studies (pre-
mission).

To provide a high-speed computing method necessary for a
sophisticated orbital analysis based on large numbers of

observations (post-mission}.
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In addition to solving for the six initial conditions of the spacecraft's
motion, the ODP has the capability of solving for 14 physical constants and the
Earth radius, latitude, and longitude of 15 tracking stations. From this set of
66 parameters, a subset containing {rom one to twenty is extracted by the user.
The ODP obtains solutions for the parameters in this subset.

The ODP, since it must have initial estimates of the parameters, is an
orbit improvement program. It differentially connects the estimates by means
of an over-determined system of equations, employing a modified least-squares
method, This procedure may be briefly outlined as follows:

1., Input parameter estimates.
2. Write probe ephemeris file on disk based on orbit estimate.
3. Read ith observation from data file, G;. This observation
may be slant range, range rate, one of four angle types,
one of four doppler types, or DSIF ranging.
4, Using probe ephemeris, determine the value of the observa-
tion based on orbit estimate, Fi.
Obtain the residual /_\Fi = Gi - Fi’
Calculate the partials of the observations with respect to the
n parameters to be estimated, aFi/aQi, I 831/8%'
7.  Multiply the column matrix of partials by itself to form a
matrix J;':.
g8, Add .]'1 to the accumulated matrix J* = J’:; + Jé + -
+ I 5.
9. Multiply the column matrix of partials by the residual to
form a column matrix Ri'
10. Add Ri to the accumulated column matrix R = Rl + R2 +
., + R‘i—l'
11. Repeat steps 3 through 10 until all observations are
processed,
12. Obtain the final J matrix by adding in the a priori uncer-
tainties. J = J%¥ + [ %,
13, Solve the normal equations JAQ = R for the column matrix
of changes to the paramete.r estimates, AQ,

14, Repeat steps 2 through 13 until the procedure converges.
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The ODP is written on disk in thirteen links. Each link constitutes a
logical section of the overall orbit determination. The linking is accomplished
by use of the JPTRAJ source program, which is also used to pass certain

information between links,
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A, LINKS

I S R
W N =~ O

II. FLOW CHARTS

Initialization Link

Input Link

Link to Save COMMON

Link to Restore COMMON

Link to Compute Mapping Matrices
Link to Output Mapping Matrices

Link to Compute Closest Approach Parameters
Predictions or Data Simulation Link
Link to Sort Predictions

Data Fitting Link

Link to Output Solution

Link to Output Residuals and Statistics
Link to Output Auxiliary Quantities



L_INITIALIZATION LINK

( ) 5 PHASES
FOR MARS

2. INPUT LINK

INITEALIZE
STORAGE AND
SEMI=PERMANENT
DATA

SET WRITE DISK
possml  HOMINAL |===== SETS FORMAT N9 B
GONSTANTS FOR COMMON

REPEAT 4 PHASES
PREDICTS MINAT MaRE (&)— _ronmoon
REQUEST, TRAJEGTORY

3. LINK TO SAVE COMMON

OPEN
PRINT
FILE

COMMENT RE PRE-
DICTS SUPPLY
DATA FOR NEXT
SET, CLEAR KEY R

SaME 5 PHASES
POINTING YES b (O Iyt

WITH FINAL SET

CALL QuEST STORE JPL SPACE
TTERATION PROGRAM WRITES
CK, TIMES COMMON ON
y FINAL TRAJ, PROGE EPHEMERIS
2ERQ EFOCH+ R/C e DISK P o

CALL CALL PRIM
ERROR FOR TO PRINT
EXPLANATION INPUYT MATRICES,

4. LINK TO RESTORE COMMON

REPEAT™_yES

N PREDICTS
REQUEST,

TALL BNTR
REWIND
COMBINED INITIATE CALL EPPHEM PREDICT
PLANETARY PREPARE COMBINED oR
EPHEMERIS EPHEMERIS EPHEMERS DATA TAPE
SCRATCH TAPE ROUTINE

RESTORE
COMMON

SAVE INJ
CONDITIONS
AND EPOCH

"'ON WNANVYHOWAN TIVDIINHDAL 1idr
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5 LINK TO COMPUTE MAPRING MATRICES

B=

EXIT WHEH
SALLED BY

XEY {a)

HMP Ko
QUEELT,
YES
SEY FLAS
FOR HEXT MAF TIMES
ITERATION ON TAPE

SAVE "
ACVANCE EAQGH
EPOCH FoR i_ T AND MATRIX]

MOVE
TAPY HATRIX
FOR PRODUCT

CALL REAM
FOR EPHEMERIS
INFORMATION

CALL COMWP
COMPUTE MAP

MATRICES

CLOSE MAP
FILE

/" ERIT WHEN

@ CALLED BY
KEY 13) |

READ AND
PRINT U HATAIX
FOR MAPPING

FORWARD

READ AHD PRINT
COVARIANCE ™
MATRIX MARPING
FORWARD

SET FLAG
FOR PRINT

872
TIRAP (T}

M
1 ORIGINAE, @
> E#OCH FOR _. NO

RESYQORE

IMPACT

2ERD PRINT CLOSE
FLAG PRIFIL

CALL PAEND
CLOSE DISK
FILE

HATRICES

CALL CDMIMF\ ﬁALL RITE\
COMPUTE MAP SAVE MAP

N RATRIY /

NOTE: [f STEP=MAPPING, KEY (3),
1S INCOMPLEYE OR IF IMPACT MAFPING,
KEY (5),18 REQUESTED, IT IS5 NECESSARY
¥d RUN ANOTHER TRAJECTORY,
OTHEAWISE , RETURN FOR MORE DATA
IHPUT,

READ AND READ AND PRINT o CALL PUNA
o YES | PAINT U MATRIX COVARIANCE MEY (3 Ho KWP . N MASS TARGET
i51 FOR MAPFING WATRIX AT ouTPuY Wi Pz
e FORWARD IMPAET ves Tes
MOVE PREUUGCT GALL REFORM
CLOSE e MATRIX FOR REFORMULATE
PRIFIL INPACT CALC MMP TAPE

¥ KEY 3 INDICATES STEP=MAPPING WHERE EPOCH AND INJECTION
ARE ADYANCED TQ THE TIMES INDICATED
HEY 4 INDICATES MAPRING WHERE CONDITIONS ARE MAPPED AND
PRINTED AT TIMES INDICATED

KE¥ 5§ INLICATES IMPACT MAPPING, CLOSEST APPRQACH PARAMETERS
ARE COMPUTED.

CALL TACCOM
COMPUTE TARGE'
LENTERED
COVARIANCE
MATRIX

RAETUR

H3

roOZ-€2 'ON WNANYHOWIAW TYDIINHDAL "1dr



Ti PUTE C PPROACH PARAMETERS
SET TARGET
TCA-EPOCH VECTOR A GRAVITY CALL
ITIME CLOSEST ACCORCING TO TARGET OMAT

APPROACH) MARS, MCON, VENUS

COMPUTES PARTIAL
DERIVATIVES OF & TARGET

S OF & TARG CALL PARAM
MISS COMPONENTS/6 TARGET

COMPUTES N
MATRIX 1N
TARGET ORSITAL
PLANE

COMPUTES N
MATRIX N

TARGET, &R, BT, SMAA, ETC
ATORIAL PLA , BT SMAR,
VEL.+ MASS OF TARGET CAUATORMAL PLANE FROM MPACT GALG

8 PREDICTIONS OR DATA SIMULATION LINK

REWIND

CALL COMBIRED
EPHEMERIS

DATAPE

: SET FLAG
CALL
TO REPEAT
< POINT PRECICTS
u CALL [XTAB
ALL 1XTAB SET FLAG TO DETERMINE 1 COUNT. TIME IDENTIFY CALL REAP CALL GHADP
IRITIALIZE COMPUTE. ALL NEXT SEQUENTIAL CALCULATION il IF NOT fmu——fRECEIVER FROM ETERMINE XMIT READ COMBINED
XMIT 1D DATA TYPES PCINTING TIME COMPLETE SPECIFIED PQINT TABLE JD FOR DOFPLE EPHEMERS
CALCULATION
CALL DOPLR
CALL FILL tWITH RATES} CALL CORR
LoGIcAL RETURN COMPUTES &1 coRRECTiaNS CALL FiLL
E0F COEFFIGIENTS R
ChECK LIST TO
CALL IXTAD DETERMINE COUNT TIME IDENTIFY HECK LIS TALL |XTAB o
DATAPE INITEALLZE NEXT SEQUENTIAL a1, IF NOT RECEIVER FROM TO DETERMINE Cis00
KMIT D SOINTING TIME SPECIFIED TIME TABLE THIS TIME AND TRANSMITTER
YES
C3:00 £1=00
RETURN cC310,0 €3:00
L I
CALL REAP CALL GHADP CALL COEF 'CALL DOPLR no CALL COMBINE TERMS
L 2aTA READ COMBINED COMPUTE GREEN= COMPUTE DOPPLER COMPUTE CORR FOR OF OBSERVABLE CALL FILL
= EPHEMERIS WICH HR ANGLE COEFFICIENTS DATA CRRECTIONS [#ITH NISE AND E

TON WNANVYHOW3AWNW TIVIINHDAL 3dr
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9. LINK TO SORT PREDICTION

BPEN PRINT
FILE

CALL CLOSE PRINT
THARP FILE
1 -

EXPLANATION
OF THARP
WITH RESIDUALS =
STATISTICS LINK

CALL REDE
LOAD REJECT

SET DENSITY
REWIND
Bl SCRATCH

SET DENSITY
89 SCRATCH

E£QF AND
REWIND

CALL BEER GALL COEF GALL STARP
CLEAR STORAGE COMPUTE DOPPLER START - STOP
AREAS RECORD GOEFFICIENTS CK.ON DATA

LeGICaL

EOF

CALL DICDS CALL OBTOX CALL CATS
DIRECTIONAL DERIVATIVES OF DERIVATIVES OF
COSINES 0B5/POS, VEL 0BS/STN Lot

RETURN,

CALL WALT

TO NEXT
DATA TYPE

INC CQUNTER

CALL FORM

SET “a" ACCUMULATES GOV, ;AF,",'-}EG*:,RJ:

FLAG 3 1D MATRIX, B3E, IF REGUIRED
OMEGA VECTORS

APPLY A PRIOR]
WS, TO DATA

LAST ITERATIQN,

GALL REAP
READ COMEINED,
EPHEMERIS

0B85 Tz
PREVIOUS

LAST
DATA THIS
RECORD,

CALL GHADP'
COMRUTE
GAEENWICH
HR ANGLE

CONVERT RIGHT,
ASCENSION TQ
HOUR ANGLE

ADD CORRECTION
TJ COMPUTE  f—
DATA VALUE

REJECT
EAD DATA

COMPUTE
RESIDUAL'
0Bs,=COMPUTED

CALL PMEGO
CK _QUADRANT
AZ, 0 HA

CALL REJEC
CHECK POINT
REJECTED

AQD CORRECTION
TO COMPUTE
DATA VALUE

CALL FILL
SAVE
RESIDUAL

>_

STORE 0BS,
TIME FOR —@
COMPARISON

SET OHBAD,
DATA FLAG,
=0

—

COMPUTE
RESIDUAL

CALL CORR
CORRECTIONS
OH DATA

CALL CORQP
REFRACTION
CORRECTION

Ho “K" a1, SET @
OHBAD I,

SET "K'= )
FOR BAD
DATA PT.

'ON WNANVYHOWIW TTVDINHDAL 1dr
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I_LINK TO OUTPUT SOLUTION

CALL ENDIT
GPEN INCREASE COMPUTES 0q FRIT 00'e,
87> PRINT F—1 (TERATION [—{ VECTOR,COV, MATRIX, STDEVDE GLB O
FILE NUMBER CAPQ,UPDATES HEW 0, 505, &T¢
t r

PARAMETERS

12. LINK T0 OUYTPUT RESIDUALS AND STATISTICS

GQPEN PLOT CALL THARP CLOSE PLOT
AND PRINT SORT~PLOT AND PRINT
FILES CONTROL FILES

13. LINK TO OUTPUT AUXILIARY QUANTITIES

OPEN CALL PARSH
PRINT

’:TL“J AUKILIARY

=== QUTPUT

CALL COMOUY
SUPPLY COMMENT

CALL PRIM
PRINT WATRI
J INVERSE

MAKE LIST
2TATIGNS
REQUESTED|

CALL PRIM
COVARIANGE
MATRIX OF
ESTIMATED
PARAMETERS

1

MATRIX OF
ESTIMATED
PARAMETERS,

CLASE
PRINT
FILE

QureuT
RESHIUALS,
STATISTIC!

VLCULTATIQN
AND/OR
IMPACT

CALL AQUy
PRINT
PREDIKTIONS

CALL BAGUI CALL ALLY CALL BALLT
TELTYP PRINT GOLDSTCNE TELTYP GOLDSIONE
PREDICTIONS QOFIVE TAPE ORIVE TAPE

PKINE TO
LBTAIN ONE
OBSERVATION
FOR PRINT

QUTPYT
RESI0VALS
STATISTICS

JPL~SFOF
N, REQUIREMENT /

AYDINHODAL 1dr

POZ-€E 'ON ANANVYHOWIW
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B. SUBROUTINES

BMATRX
EPPHEM
GAMAT
LOOKUP
MAXIM

oo e N

10



|._SUBROUTINE BMATRX

Re {POTENTIAL 2. 2
EMATAX * RaDilss)= Dt "?’ !
€378 1650 Es/D

BMAT (L, 3100 &
151,3, Jat,li
BMAT {6, 11)

iy

ESTIMATE
ATTIVUCE
CONTROL
EFFECTS

BMAT (4,4)30
BMAT (8,040
BMAT (6,120

62

=
O
Al
H=
m
|
Qe
e

Qe
Qe
-3
-
Bl
m
o
.
1

o
Ql:
L-"
ol
a
ol&_

]
=
=
LY
ES
=
o
=
=

&)
]
(&
J=

L
<
gl G
]
.
:Ln-c
¥
ol

.
i

Cor
>
b
.
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=
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o
|
o
E
=i
o
|
=

& e
&l
-
Elx
z
|
gl

N
&
Je
T
=

(-1
>
.
e |
o
O
=l

o
a0

[
|
o
~

[
|

0 6 6
f
| el

o
Q
o
L=]
Q|
L]

8
e
e
[=

a
3
(=
<
bl
c
o
»
=

BMAT 14,917 93/d9
BMAT [5,01x §/dq [T=341 g1l SHO
BMAT 16,4) 3¥/dq

YES

BMAT (4,)13 3%/9q
BMAT (5,005 8Y/dq
GMAT (6,4} a¥/3q

®

I=I+Il

154 M2 EXIT

YES
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2. SUBROUTINE EFPHEM

MAP
CLOSEST
APPROACH

STZ DP
STORAGE OF
INTEGRAND

LOw LiMIT
OF INTEGRAL
TGINT=EPOCH

CALL PORT

CALL XINE
FOR CBS
TIME

CALL STARP
START STOP
CK.ON DATA

IGNOR
THIS DATA
TYFE

SET QRS
DATA=0Q

CALL BAMAT CALL RITEM
PARTIALS OF WRITE COMBENED
chHESICAL EPHEMERIS

LOW LIMIT
OF INTEGRAL
TGINT=EPOCH

TALL EFHEM
CALL Laomye P05 AND VEL
ANG VEL OF /™ rhle EquiNoK

PRoBE OF DATE

SET INGREASE
T=TIMAP (K} 3

YES

LAST
DATA THIS
RECORD

“OCCULTATION
AND/OR IMPACT
PARTIALS

GALL TOCIM
FOR TIME
OF OCC/IMP

TIMAP HERE
IS PRCCESSED
QNE AT A TIME,

ALLED, GO TOE &

GALL TIMER STORE
LIGHT TIME
CORRECTION

TCE FOR
COMPARISON

CALL WREQF
EOF COMBINED
EFHEMERIS

SET
T=TIMAR (T}

STIMATIN
PHYSICAL
GONSTANTS

v

"ON WNANYHOW3IW TVDINHDAL "idr
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3. SUBROUTINE GAMAT

ON ENTRY NOW TG IS
LIMITS OF LOWER, TGINT
INTEGRAL ARE IS UPPER,T
TGINT TO T SET TO START @
' - D
! |
1 1 YES
@ I kGosTGINT 1

ALL LOOKU CALL INTRI

IGO0 . . YES 0 INTERPOLATE INTERPOLATE

Rl FRETs00 pre=cg i @ FaT+0TG @ PRCBE PLANETARY
EPHEMERIS EPHEMERIS,

TaTGINT

YES

ESTIMATE

/ \ CAMM (K, L]x o ATTITUDE

D i UINY {K,M) % BMAT (ML} [y By FFeDTO ZONT 0L
\BMATRY/ (GAMH £ 8% 11 INTEGRAND} e N EFFECTS

DTG -FMPY% GG e SET

661800, INOMINAL) LLIST (TIzKLIS T} TR

FMPY < AT FROM TRAJ LTG#40 LLIST (9) =KLISTI3} G:W(H'jﬂf,oﬁ
LLISTHO)= KLISTIA) D INTHIL)

ESTIMATE
ATTITUDE
CONTROL
EFFECTS

RESET
LLIST

DTG 3
S(TGINT-T)
1GQa |

@—-— PRET:T r=1+1

GMAT K, L1m
ot f uliriemdr

£OZ-€€ "ON WNANVIONWIW TIVDIINHDIL Tdr
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4. SUBROUTINE LOOKUP

e e Y

ARQUMERT CONTAINS
HUMBER OF ITEMS
TO BE INTERPOLATED,
& OR 47

STORE READ 2 FHYSICAL
STORE T NON-ZERD §TZ iM GG,
ARGUMENT OF || kor orevious IN PREVIDUS |—] NOT EQF  [—JRECOROS. 8 LoatcaL
T FEST

RECCRDS = |
ENTRY FLAG ON EPHEMERIS FHYSICAL RECORD

COMPARE

ARBUMENT
SAME AS LAST T AND FIRST T
ENT AEAD

CALLING
SEQUERCE .8

CALL
ERROR (7}

3 PHYSICAL
RECORDS ARE
MAINTAINED IN
LOOKUP BUFFER

CALL KOOL'
[LOGICAL
REWIND)

|
i
i
! READ 1
@—-—‘ PHYSICAL
RECORD

COMPARE [T
T AND T, OF
RUFFER

NO
Ani A zar ES e TiMl = Ty TiMz, 1 T2)
NO
1241
SET
P TIM = T) Jaj+ 49

CALL £RROR
(8}

ADVANCE 2
BUFFERS TO °
ALLOW NEW
RECORD TO BE
READ

"ON WAAGNVYIOWIKW TTVIOINHDAL T1dr
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4, SUBROQUTINE LOCKUR p 2

& DOUBLE PRECISION
TIMES STORED IN
TIMI AND TIMZ

GADT=AT FOR 111
INTEGRATLON = [io} Belo
DIFFERENCE 2 L—1 FLG=0
ADJACENT T's
CaNUM=CH (T-T, | frren YES @
B=DEN=B% {T)- T} (LLLL, kss ¢
fio
WHEN COMPLETE
H THRU H=3
@ CONTAIN §
COEFFICIENTS
INITIATE AODRESS
1 eS|
— 0 1 _ G FLG | ND OF FIRST VALUES TO
o ekt /“5\“ Hj = § JERG = S5 ye 158 BE INTERPOLATED
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oI, PHYSICAL LIMITATIONS

A, DISK AND TAPE USAGE UNDER SFOF

The ODP uses tape unit B6 for the planetary ephemeris (EPHEM) tape
and tape unit A4 for the combined ephemeris scratch tape. Disk allocation is

restricted to the 2800 record block named JPLODP.

B. DEBUGGING FACILITIES

Snaps may be inserted in links ODPX, LAZA, LA3, LAS5, LA7, LAS,
1.A10, and LAI2, as these links contain subroutine PROUT,

Octal correctors may be inserted in any link through the JTPTRAJ
source deck.
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1v. INPUT AND STORAGE ALLOCATION

Primary input to the ODP is a deck of control and data cards, which
are described in detail in Section IV, A, These cards contain the parameter
estimates, the desired options, and all variables which are not a‘function of
each observation. Subroutine CARDS is used for caxrd input.

Also input to the ODP is a file on disk containing the tracking data, and
a planetary ephemeris tape. The data file is written on disk by the Orbit Data
Generator Program, ODG, while the ephemeris tape is the standard JPL
EPHEM system tape. The system routine DCP is used for disk reading and

subroutine TAPIO is used for reading the planetary ephemeris tape.

i8
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A, CARD INPUT

19
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ErPOCH io1
. EPJCH ASSOCIATED WITH THE TRAJECTORY, WHERE
M Yra LAST TWO QIGITS OF IHE YEAR
. HHMa  HONTH DF THE YEAR
- Q= IERD
. OD= DAYS
. HH=  HOURS
. HN=  HINUTES
. 55=  SELONDS
. FFFx HILLISECINDS
YYHUDODHH, NNSSEFF
GEJCENTRIC PISITIDN AND VELOCITY AT EPOCH 102
* SYMBOLS ALLOWED
X ¥4 LeDX,DY D
ENPUT DTHER-DPTIINS AND COVSTANTS 103

= STMBIL ALLOWED EXPLANAFEON AND/OR NOMIMNAL

XE KEEARTH) [398403.2KM3/SECZY

RE EARTH RADIUS (6378.3149KHI

x4 KEHOO%H

oy MLSS RAT[O VEWUS 12.4871L18E=4)

M MaSS RATID HARS (3.23B3420E-7)

HJ KASS RAYED JUPIVER [9.54T5420E-4)

J £JEF. SECOND HARMDNIC 11.62345E=31

H C3IEF. TINIRD HARMONTLC {—.5T5E-3)

[ C3EF. FOURTH HARMDNIC {.7375E-5}

AJ ASTRONDMICAL UNIT (1.49599E6KR]

c VELOCITY OF LIGHT {299792.SKM/SEC)
RILLY STATIUN RANGE

LAty STATION LATITUDE (GEDZENTRIC)

Lt STATION LONGETUDE

. RITEF=63T2-2599 LAIL)=-35.066620 LOIL)1=243.20507
. RI[Z)=6372.0381  LA[2)=35,20807 LUL212243.15082
. RIL3F263TL 6686  LAI3)=—35.219630 LOI31x148.96028
. RIT6156372.6069 LA16)=-31.2L1875 LOI41x136.8872T
. RILSI=6375.5980  LAIS}=—25.739277 LO{51:27.685141
. RET&F=63T6.309L  LAI&I=17.0355 LOI6}7298.2072
. RII71=6377.8013  LA[T}=—7.8991 LOM717345.5676
. RIlB1=6376.1150 LA{B1a[8.064939  LO(81%292,91122
. RIU9)n6375.6810  LAID]I==25.750% L0{9)728.3500
- RI(12376374.05 LAILGI==24.75336 L0 10I=113.71605
. RE(11126372.04 LAL11}=32.1709 LD{E117295.3485
. RIT121=5371.6686 LA{12}=-35-21963 LO(12]1=148.98028
. RE(130=6370.0068 1A113)=40,23200  LO(L31=355.7505
. RIT14126375.9550 LAG143=1B.B823066 LO(E4A)Ix204.31472
. RIN15)%6180.1990 tA1151%10.663 10£158%0.0
NSDISPLTY NIRTH-S0UTH DISPLACEMENT, OEC

ExDISPLI) EAST-WES| DISPLACEMENT, DEG

INUEX(EY INDEX DF REFRACTIDN {)40.01

DRIFT TRANSPUNDER DRIFI, CPS/SEC

STEP TMIEIAL TRAJECTORY STEP S{ZE, SEC
EVERGY PIWERED FLIGH ENFRGY

CTRURN PINERED FLIGHT DYRATTON

HITOR 4IFUR CUUNT

JEFDY JETDN FUR A.Z.

JETUEF JETOFF FOR A.C.

PEDID {9ENTIEICATION FUR PREDICTS

REAU DRBIE FRIM DISK

READU MATRIX FIUM DISK

SDLAR PRFSSUKRE DFF

LIGHT TIKE OFF

REFKACTION AND VERTICAL DFF
M4? OUTPUT

PAE VECTDR OUIPUS

UPDATE COMENT T2 WRETE DISK Fi& M/C AND SEACE
fivy g 1afe=loVoy SEC 435.3

YABTY STQALD UN DISK IN LINK &
MATREX STORED i DESY IN LIMRK &

FJELWT WE IGHT OF FUeL, |B.
RIFUEL FEOW RATE. LUB/SEL
THRUST THRUST, LB
BINHL RIAS ANGLF. UEG
ASTaE TARLFT RADIUS, KM (MARS,1400.0)
L] THDOR, 1T 38.091
L] LVEHUS 41 6200.01
RAND INPUT FOR RAHUOM NUMBER, GCTAL 11)
RYAX HAXJHUM SLAHT RANGE FNR DATA, DEG
ELHMIN MINIHU% ELEVAITUJ ANGLE FOR DATA, LEG
DATA SIGMA WIUTPLI RESTUIAL PRINT HIPLALFLr BY
- STANDARD BEVIAT IUNS
REM CODNSTRAINT HE 15 DETERHINED HY IHE RELATIUN
- WrM= CUBF HDUT (B6.}15T551KE+KH])
. KE AN{} KH PARITALS ARF COMSISTENT
- Wi TH THE CUNSTRAINT
RADNPY RADIATION PREISURE UPTIUN  (1.031ES8)
FLRES KIN=LZERN, RISIGUALS IN FLUATING PT.
PJynAT PUMCH HRIRIX, N
1 INPUT J HAIRIX DF FSEAMATEN PARAMETERS
2 ENPUT TOVARIANCE HATRIX DF CONSIDFRED PARAMETERS
3 J TNYFaST
4 COVARIANDE MAIR{X OF ESTIMAIFDPARAMEIERS
S ZORMELATIDY MATRIX OF ESTIMATED PARAMEIERS
& TOVARVANCE SATRIX AT IMPACT
1 LALAEAUY PUNCHED)
# J MATRIX
9 14PUT COVARIANCE MATRIX OF FSTTBATED PARAMETLRS
Lo CORRFLATIONS DASEL UY J HMATRIX
Ll u PRUDUST MaTAIX
- T CHANGE ARFA, HASS. SAMMA B DF SPALCECRAFT
ALHARS 1112y
HSHARS [259.00)
C3IHARS .09}
ARHION 1Z.7891
HSHUDY €340.201
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GANDON 13.01

ARVER 13.831

HSYEN 1198.221

GAVEN .383)

- THE FOLLOWMING ARE DOPPLER COEFFICIENTS AND

* FREQUENGIES WHICH ARE A FUNCTIDN GF THE

- BAND. NOSEMALLY. STATIONS 1.2. &HD 3 A€

- 5 8AYD, % AHD 5 ARE L-5 BAND.

- L~RAAKD L=5 BAND 5 BAND
TFREQ TRAHSPONDER FREQ 960.086 20.D0E& 20.00ES
XFRED TRAMSHMITIER FREQ 20656 2790.0E56 2290.0E6
DIFLLLY icl) 230-15E6 F.3TSES 1.0E6
0071t 2) icl) -96BT5 +3125 1.9
DOP1{3} IeCy -1E6 9.3T5E6 L.0E&
BIP11A) [la=H 32.359559561 32.57918552 104.25359387
DIP1i5) 1C3) 930,15 9. 3TSEL 1-0E
DIPLIG) (1)} 31.358314605 32.5791855Z 10425339367
pipatis SAHE AS ABOVE FOR STATIUN 2

0JP3{E} SAHE AS ABOVE FOR STATION 3

0IP4(L} SAHE AS ABOVE FOK STATION %

BIPSED) SAME AS ABOVE FOR STATION 5

tNFRQ  GROUND STATION INJECTLON FREQUENCY. CPS [23.62T791%2E61
SYNFRQ GROUHD STATIIN SYNTHESIIER FREQULHCY, CPS (22.04209265E6)

L
5
LS

EQYLLONED BY STAFION 13 TD ALTER STAFIOM SANG
FOLLOWEN AY STATION ID TO ALTER STIATION BAND
FOLLOWED BY STATION 10 TO ALTER STATION BAND

ESTIMATE THESE PARAMETERS tos

CONSIDER THESE PARAMETERS 165

SYMBDLS

THESE CAIDS ARE FOLLOWED 8Y LI1SIS OF PARAKETER NAMES
WHICH TELL THE DDP TO ESTIHATE {CONSIDER) THE
CORRESPONDING PARAHEIER. NHD NUMERIC DATA REQUIRED.
LIST OF PARAMETER NAXES WHICH CAN BE ESTLHATED
{CONSIDERED) »

ALLOWED

Ee¥uZyDXeDY DI SKERE 4 GoKMp RV HH M2y o Hy Dy AULESRITED 4 LALLD,LOLT)
- GR

X1¥uZaDXsDYsDZ4KE+REsGoKRa UV HHyFAJoFB4FCoAUSCeRITE1 o LATT F4LO4T

*
DIAG=
.
RO1=
.
ROZ2x

R23=

I E Y FEEEEER)

REJECTION SICHAS 1a&

SYHBOLS

THE AB0VE.CARD 15 FOLLOWED BY DATA INOICATING WHICH OF
IHE ZBSERVABLES ARE 10 BE CHECKED FOR POSSIBLE REJELTEON
OF EAD PIINTS. IF A SYMBOL IS ACCUMPANIED BY A KUHERICAL
VALLUE THE OBSERVATIOY WItt AE REJECTED IF THE ABSOLUTE
VALUE DF THE RESIDUAL EXCEEDS FHE INPUT VALUE.

ALLOXED

RENIDRELYELLD) (AZEIN DECEIISHALI) S CLITISCCIRT Yy
C3[1},0ECEY,RUTTH

INVERSE COVARLANCE HATRIX OF ESTIMATLO PARAMEVERS w7
COVARTANZE HATRLX OF ESTIMATED PARAMETERS Lo
COVAR[ANZE HATRIX OF CONSIDERED PARAHEIERS i

PADVISION IS wapt TO ENIER (INE DF THREE
MATRECES 1M ONE OF THREE WAYS

10 §NTER THE DEIAGONAL TERM OF THE MATRIX

T0 EXTER THE MAIRFX BY RUW

-{CONTENUE ON FOLLOMING CARD, IF NECESSARY)

TO £NTER WITH NO SYMBOLS SUPPLY A
FORIRAN TYPE ARRAY FOR A 20X20 MATRIX

DELETE THESE DATA TYPES (13

SYHBILS ALLOWED AS IN 106 ABOVE

STATISTICS AND RESIDUALS FOR THESE DAVA TYPES i14

KOMINAL

DESIGRATION DF AT LEAST UNE DATA FYPE PER
STATION 15 NEZESSARY FOR THE CALCULATION OF
STATISTIZS. [YCLUDE ALL UATA TYPES FUR WHICH
STAI[STICS AND ARESTQUALS ARE DESIRED. THE
VERTICAL PLOTTING SCALE CAN BE DEFINED AS
RI13=10., THE HOR1ZONWTAL SCALE CAN BE DEFINED
A5 HHR=1.5. THIS LATFER 15 NOMINALLY 1. HOUR
A MAKIMUY OF 8 DATA TYPES PER STATION HAY BE
REQUESTED.

SYMBOLS ALLOWED A5 FOLLODWS

ROV OREIILELTT) AZ{E]JDECCT) yHALL) hCLLED CCMLTI
CICEYyDLIT) RULTENHR

VALUES CORRESPOYDING YO COVAREANCE MATRIX s

IF A CIVARIANCE MATRIX FOA THE ESTIMATLD PARABETERS
OA ITS INVERSE IS ENTERED THE VALUES OF THE
ESTIMATED PARLHEFERS ASSUCIATED WITH MATRIX HAY
ALSU) BE ENFERED. THESE VALUES FOLLOW THLS CONFROL
CARD AND MUST BE IN THE SAME ORDER A% THE
PARAMETERS IN THE HATRIX. .

1F NIMINAL YALUES FOR THt PARAMETERS ARE NOT
ENTERED THE PYOGRAM WILL SET THE NDHINAL

VYALUES T3 THE IMITIAL ESTIMATE OF THE PARAHEIERS.
N0 $YMBOLS ARE ALLOWED.
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WEIGHTS BY DATA TYPE AND STATION i1s

NOMINALLY FHE CDP COMPUTES THE WEIGHT FOR EACH DATA
TYPE FROM INFIRHATIUH THE ODG PUTS ON THE TRACKING
DATA FILE. THE DPERATOR CAN DVERRICDE THIS FEATURE BY
FOLLI®ING THE ABDYE CARD WITH WEIGHES {SIGHR RATHER
THAM SIGMA SQJARED) FOR AMY DR ALL DF THE DAJA TYPES.
WEIGHFS SUST BE SPECIFIED IN THIS BANNER WHEN FITTING
AN DDF-STHULATED DATA FILE.

THE USER MAY &LSO INPUT DCTAL HELGHT LODESs EaGar
L0I12)=31433)/8

SYMBILS ALLOWED

ademv s iren

RETFeRRITIAELN L} o AZIE}oDECA IV aHATT},C2411,CC3{TF
CILIFeDLILN RULEY

POIMFING TIMES, SAMPLE RATE, CDUNT TIMES {17

AS THE HAHE SJGGESTSy DATA FOLLONING THIS CONTROL
CARD UEFINES FHE AHOUNT OF DUTPUT DBTAINED WHEN THE
PRIGIAH 1S PREPARING A DATA FILE DR COAPUTING POINT-
ING PRECICTIONS. A SYMBOLIC NAHE [S ASSOCIATED WITH
EACH OF THE 15 POSSIBLE TRACKING STATIDNS, AND EAGH
MHAHE HAY BE FILLDMEC BY OME. TWO. OR THREE GROUPS OF
DATA. THE FDXMAF DF EACH GROUP ES AS FOLLOWSs FERST
TIBE, LASE TIME, SAHPLE RATE, CGUNT TiME. POTNFING
PREDICTIINS {JR A DATA FILEI WILL BE GENERATED FOR
THE INDICATED STATION [F THE PRORE 1S ABUVE STATION'S
HORTZON ANYTIME BETMEEN THE FIRST TIHE AND THE LAST
TINE., THE INTERVAL BETHEEN PREGICTIDNS IS DEFINED BY
THE SAMPLE RATE AND ANY REQUESTED DOPPLER CAL-
CULATIONS WILL BE BASED DN THE INDICATED COUNT TIME.
THE fWU TIMES ARE GREENWILH FIHE AND ARE CUMPOSED OF
THD #ORDS EACH, AS ODEFINED ELSEWHERE. THE SAMPLE
RATE AND THE ZOUNS TINE ARE GIVEW AS FLOATING POENT
SECOVDS. AS AN EXAHPLE,

ETHTS=52070Z103, 06207021045 0p 102 ¢ 52 s 5207021075 0+620T02109, 0,304 4300
INSTAUZTS THE PROGRAM TD GENERATE POINTING PREDICIS FOR
THE HES EVERY 10 SEC BETWEEN 0300002 AND 0500002 DN JULY
21, 1962 WiIH A DOPPLER AVERAGING [IHE UF 5 SEC.
POIKTING PREDICTIONS WILL ALSO BE GENERATED FOR
0700201 TG OSIC00Z DN THE SAHE DAY BUT WiTH A 30-SEC
SAMPLE RATE ANU 30-SEC DOPPLER AVERAGING TIHE.
SYMBOLS ALLOHED

L e RN NN NN RN

JETGLVy JETGLZ2oCANJEY 3 DOMJET p JOBJET e ARIGUA s ASCENS o PUERTO,
PRETIR ¢ JODREL s TICAPELBAHAMA s SANSAL jHANAL L TRINIDL

DATA FILE SIGKA (21

IF A DATA FILE IS BEING PREPARED THE DATA FYPES
FOLLIWINS THIS CARD WILL B8F EKNVERED UN THE ODP DATA
FILE. [IF NUMERIC FIELD APPLARS WITH A SYHBOL THE
PROGRAM WILL PUT A NDRHALLY DISTRIBUIED RANOUH NUHBER
WITH HEAN ZERD ON PHE CALCULATED VALUE OF THE DATA

TIYPE. THE UME-SIGMA WALUE OF THE DISTRIBUTION IS SET
10 THE VALUE FOLLGWING THE SYMBOLIC MNAHE DOF THE DATA
TYPE- IF RO VUMERIC F1ELD FOLLUWS A STYHBOL THE
UNE=SLGHA VALUE UF THE GISTRIBUTION IS SET TO ZERO.
SYMBOLS ALLDHED

RILY DRI GELI L) +AZIT) L DECT LY oHAL I CITLF,CLHLT)
CILIE,DILTFeRUITY

DATA FILE BIAS 122

.

SAME_AS THE ABOVE EXCEPT THAT THE NUMERIC FIELD
* INDIZATES THE CONSTANT THE 0DP WiLL ADD TG THE
. CALCJLATED VALUE GF EACH DATA TYPE.

PAGE HEADING €23

UP T2 L1 BCD ®OROS MAY FOLLOW THIS CONTROL CARD.
THE ZOMMENT “JFST BE TMITIATED WITH A LEFT PARENT-
THESES AND CLISED WIFH RIGHT PARENTHESIS. THE
COHHENT ¥ILL AE PRINIEQ ABDVE VARIOUS QUTPUT CROUPS.

HAP COVARIANZE MATRIX TO 124

THIS CARD 15 FOLLOMED BY UP TD 12 HONOTDNICALLY IN-
CREASIHG GREENWICH TIMES. THE COVARIANCE KATRIX
FRUM THE PREVIOUS ITERATION WILL BEE MAFPED FORWARD TO
THESE TEMES.

S5YMBILS ALLOWED: NONE

erneae

TRANSMITTER ID TABLE 126

THE DATA FOLLJIWING FH1S CONTROL CARD DEFINES FHE
TRANSMITTING STATION AS A FURCTION QF TIME. THIS
DATA IS5 REQUIRED OXRLY WHEN GENERATING DATA FILES OR
POENTING PREDICTIUNS SIHCE THE ODG  1DERVIFIES THE
TRANSHITIER FJR EACH TIME PDINT APPEARING ON THE ODF
DATA FILE. TAE FORMAT OF THE TRANSMITTER TABLE IS5,
IXE1) o FREQELY o TIMECL) o IXI21,FREQI2VeausaIX IS A FIXED
RUHBER, FREQ 15 A FLUATING POLNT HUMBER.

THE INTEAPREVATION OF THE TABLE 15 AS FOLLOWS,
STATION 1X{1) 1S TRANSMISTING WITH A FREQII) UNTIL
TIMELT ) THEN STATION EX{I+1} U5 TRANSMITTING WITH A
FREQEI+1) UNEIL TIMECE#L)4,ETC. IX{F)=0 IS INTERPREIED
AS THE TRANSPONDER AND TIME(I}=0 IS INTERPAETED AS
IKFINITY. MHEN GEMERAFING A DATA FILE ONLY ONE TYPE
GF DOPPLER WILL BE ALLOWED PER [IHME POINF. IF ALL
THREE ODAPLER TYPE5S ARE REQUESTED FOR A RECEJVING
STATION [SEE OAIA FILE SIGHA CONTROL CARDSE, THE
FOLLOWING RULES DETERMENE THE DGPPLER TYPE FHAT HILL
APPEAR.

1. IF ELEVATION AT STATION [X 15 REGATIVE SEI IX=0
£. IF Ix=0 OM1T CC3 AND C3
A.1F IX$IR$D DHLT LI AND CC3 WHERE IR [5-THE RECEIVER

“ae
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4o IF IXmER OMIT C1 AND €3

- SYMBOLS ALLOWEDs KONE
- RESTRLCTLONS
- A NAXIMUY OF 134 IX-TINE PAIRS 5 ALLOWED
OFFLINE COREIQL 27
* WHER ANY DPTIDN GTHER THAN A DATA FITTING
. ITERATION 15 DESIRED XEY CONTROL 1S NECESSARY
- THIS CONTROL CTARD MUST BE PRESENT EACH ITERATIOR TO SET
- THE <EYS FOR THAY ITERATIGN. THE CARDS FOR EACH
. ETERATIOW WUSH 8E FOLLDMWED BY AN END DATA CARD,
« SYWBOL ALLONED IPTIDN NEED CONTROL CARDS
KEYL2]1 SIMULATE 0OG DATA FILE 1e2ei7021
KEY{3) STEP-MAP, FORWARDS EPDCH 12428
KEY([4) MiP FORMARD FD INPUT TINE 12,24
KEYIS} KiP TO ENCIUNTER a2
KEY(6) REJELCE BAL POINIS 11246
KEY[a} REPEAT PREDICTS
KEY[12) PREDICTS PREPARED FOR TELETYPE 1+Z41TsKEY(13)]
TRANSMISSIGN
KEY113) POINTING PREDECTIONS 1e2.17
KEY[14) STATISTICS 1s2:1%
KEY{15) AYGLE PLOTS L2
KEYIL15) RESTOUALS 1e241%
KEY(17) TIRE PLOTS 1e2114
TERHMINATE 308 MUST S8E LNCLUDED T0 END JOB
RESTART DOP T3 INtTTALIZE ODP FRGM AEGINNING
BURN START TIME {30
. THIS TIMEs IN THE USUAL GREENWICH FORMAT, DENOTES THE
* BEGIYNING OF THE POWERED FLIGHT.
SPHERICAL INJECTION CORDITIGNS 131
- IH PLACE DOF CARJESIAN INJECTIDN CORDITIONSs THE USER
- HAY 1MPUT SPHERECAL COMOITLIONS UNDER THIS CONTROL
. CARD. THE SPHERICAL CONDITIDNS ARE TRANSFORKED TO
» CARTESIAY CONDETIONS AT JNPUT TIHE.
- SYMBILS ALLDMED

RAD;LAT,LONG+VEYELEJALE

QCCULTATION TIHES {32
L] TH1S DATA TYPE IS INPUT B8Y CARD, RATHER THAN THROUGH
= THE J05.  TW) OCCUOLTATION TIMES APPEAR OGN EACH LARD.
- THE FORHAT 15 OCCX=T1,T2,MEIGHT,REJECTION SIGHA. WHERE
- TL AND T2 ARE GREENMWICH YIMES IN THE USUAL FORMAT.
- RESTRICTIONS
. ONLY STATIONS 1 THROUGH 5 PERMITIED. LF DNLY DNE
- TINE 1S TD BE USED THEN T2 HWUST BE 0,0.
- SYMBILS ALLOWED

0CCLyOCC2+DLCY,0CC%,0CCS

THPACT TIMES 133
. SAME AS JCCULTATION JIBE, EXCEPT THAT ONLY OHE TIHE
- PER STATION IS INPUT. THE FORHAT 1S INPX=T,REFGHT,
4 REJECTIOY SIGMA.
- RESTRICTIONS
- OHLY STATEONS 1 THROUGH 5 PERMITTED
- SYRBILS ALLUMED

IKPL IHP2 . IHP3 L THP&, IHPS

START AND SIDP TEMES 34
. THIS INPAT PEAMITS THE FITTING OF DATA ONLY DURING THE
- INTERYAL DETWEEN F-S5TART AND T-5TDP. UP 10 FHREE PAIRS
. HKAY BE INPUT IH THE LSUAL GNT FORMAT.

EMD DATA toa
- THIS CARD KUST TERMINATE EACH SET OF CONTROL DATA
. READ BY THE 0DP.
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B. LOAD MAPS AND COMMON STORAGE MAP
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ENTAY POINTS TO SUBROUTINES REQUESTED FROM LIERARY,
DFAD) {DF5B1 READB

{OFHP} t WRETER
THE NAME DF THIS PROGRAM IS5 *'LAZ 2122765
ENTRY NAME  ENMTRY AQND. TRANSFER VECTORS  LOAD ADD. OCTAL LENGTH DECIHMAL LEKGTH COHHON BREAK
= =sPCB 22302 EPDX 22300 00011 00009
COHAP
CORAP 22322 AFFSYS 22311 00273 on1s?
TYPAYT
TAHP
PROM
FLOT
REAM
COMINP
oce
FLAX
PRAHS 22606 nce 22604 onge3 2003S
FLAX
COHIKP 22660 PRAMS 2264T 01357 00751 47059
§DFMP)
(DFADY
HAHUL
1DFS8Y
ADD 24226 *HONE* 24226 Q0050 00040
ARS [N 24306 HONE* 25278 0014% co100 TT152
ARCOS 24302
QARSIN 24300
QARCOS 24276
ERRARS 26427
ERRARC 24%33
ARTAR 24542 *NONE! 265462 00103 a0Qa7 17152
DAYS 24550 FlIx 24545 0004t 00033
FLOAT
ADD
ERRAKR 24506 THONE* 254606 QaoD1L 009009
FIXT 24520 FIXTT 255617 oacoT oopo7
FIXTT 24526 THONE® 25626 an312 coz02 50071
FLov 24734
FIx 25115
FLOAT 25121
DAYE 25131
FLAT 25142 ERROR 25140 00102 a0ass
FLAPR 25170 TYPRYT
FLAK 25177
INsSPC 25246 *NONE* 25242 00310 00200 50031
nanyL 25556 *NONE" 25552 opi3o [s1e]ul:1:3 ITH8Y
PRUT 25710 S5IR 25702 00336 00222 50001
cos
PROH 26244 SNONE® 26250 00156 oo110 17451
quz 26416 *NONE*® 25516 ao0a3 00003
REAP 26425 READB 26621 02543 01379
REAH 26424 FLAT
ERROR
ROT 170 "HOME" 31164 002866 aolez 50021
QFF5YS 252 THONE" 31452 Qo010 opoons
ENDSYS 31453
FIHNSYS EIRY 1Y
SCHAIN 3455
PGSTRT 31456
PGSTOP 31457
oL? 31460
TYPRYT 31461
SIN 3482 THONE® 31462 0242 00162
cos 31465
QsIN 31871
Qcos 31472
TAHP ALT36 HWRITEB 31724 00126 onoss
EFDX 2032 FLAT
(DFaD) 32052 THNDNE* 3z052 0012k 00081 ITre
(DF58) 32072
(DFHPY 3z
tDFDP) 32140
READD 32174 (guy 3zLTy 00365 00245
READS 32178
WRITED 323201
HRITEB 32203
BSREC 32412
BSFILE 32415
REWIND 32420
UNLOAD 2823
ENDFIL 32426
SETLOW 324504
SETHI 32407
CUNIT) 32555
TAPEID 32555
riou 32563 "RONE® 32560 ano3n oonzs

SLAZ ¢ JUST LOADED.
UNYSED CORE LIES FROK 32510 THROUGH  47055s LEAVING 14246 OCTAL QR 05310  CECIHAL LOCATIONS.
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ENTRY PDINTS 10 SUBRDUTIHES XEQUESTED FRDM L LBRARY,
DEFIN TACH CGPER CLOSE

ENDFIL

REWIND

READD I1DFSB}

THE HAME OF THIS PROGRAN (5 "LAZA *

ENIRY NANE
wePCR
NAPDUT

PRIRE
AEFORNM

Taccom

IDFAD)
0PSB}
(OFMP]
LaFOP)
SGRT

PAGUT
FSDOUT
PACNY
PROVI 2

ENIRY ADD.
22303
2324

24102

24237
24274
24374
24808
24814
24522
24703
24707
24717
24730
24756
24745
25034
25321
25310

26730
26761

27124

27160
2182
27163
2T16%
27L&
2TLeb
27167
1170
21171
2172
27200
27250

31D56
3075
L1s
EJIEL)
3N1Ts
31268
37532
3133
Ik D4
21417
13441
34231

34306
3308
3430
34313
34522
34525
34530
34533
34536
BAE14
BT
34665
34663
ELLFE]
T2
35558
15307
s
Ajzia
3T30
3T4T
37145
37230
313t
Ires2
3233
1z40
Az2z
3Tits
37375
37400
37403
37406
3Tell
3Ll
3T
IT42Z
31525
3T%30
316321
37435

TRANSFER VECTORS
MAPDUT
DEFIHE
ATTALH
OFEN
IYPRYT
TFFE5YS
CLOSE
pce

ERRIA
TYPRYT

SQRT
FGDOUT
FPRUUT
Aaleco
FLAPR
PRIME
NORMAY
PRIT
DIACD
WRITEB
FLAT
ENOFIL
REWIHD
AEADB
FIXT
BIBLD
*RONE*
TNONE*

TRONE®
THENE?
SCALE
1DFMP)
1DFAD)
AAT
{DFs8)
*HDNE"®

“HOME!
RGGSAY
RGGSTR

THONE"

CLUZK

21221065

1DFHP)

LOAD ADD.

22301
22310

Z80T4
25212
2425T
25374

24405
Faldly

24726

25077
Z5300

28723

271z2

27160
ITLE2

272
2717
iy

31056

AliTe
a1zsz2

34303

34670
34720

3TZAD
37303

26

IDFAD)

OCTAL LENGTH

554

99116
Qnuss
a0L05
Qoo1l

00007
Q0312

oD101

02251
Q3423

aoLT?

00036

onoo2
ogola

i
00043
o161

o120

LrLdeEL
03031

00385

COG50
02320

00133
04335

IORT

FGCDUT

DECIMAL LENGTH
01007

0JER%

Qno7e
0004S
Q0069
0d00%

[Lli
00202

00065

QB1589
0T8T

4127

00030

oboo
a0oas

aneg2
[LLEY
oL

LG0T

Qu0a s
©1561

QOzZAS

00024
01232

QnD%L
02269

PRQUT

COMYDN BREAK

Tre61

§0031

500N

1461
Sgool

TT46L
47055

17TIA

T3

WALTED



JPL TECHNICAL MEMORANDUM NOC. 33-204

STASH 31441

CLOCK ° 43733 SHONE* #3730 00106 00670
MINUTE %3730 -

XRIN 43130

"LAZA ' JUST LOADED.
UKUSED CORE LIES FROM 44036 THROUGH  4T055, LEAVING D30Z0 OCTAL OR OL552 DECIMAL LOCATIONS.

ENYRY POENTS TO SUBROUTTHES REQUESTED FROH LIBRARY,
DEFINE TTACH PEM CLODlE

A a: WRITEB ENDFIL FGDOUT SQAT PROUT
THE NANE OF THIS PROGRAHM IS 'L} . 2122165
ENTAY NAME  ENTRY ADD.  TRANSFER VECTORS  LOAD ADD. OCTAL LENGTH DECIMAL LENGTH CAMHON BRAEAK
=aPCB 22302 oz 22301 ood0s 00006
or 22314 0EFINE 22367 Q136T 09759
ATTACH
OPEN
. Tyeayr
OFFSYS
UBAT
CLDSE
ARTANH 23676 *NONEY 23676 co103 op0evT 152
FIXT 24002 FIXTT 24001 00007 00007
FIXTT 24010 FRONE* z4010 00312 00202 50031
FLOT 25116
FIX 28217
FLOAT 24303
DAYE 24313
ERROR 24322 SNONE® 24322 fa0pt2 0010
FLAT 24336 ERROR 24334 00101 Q0065
FLAPR 243564 TYrRYT
ELAK 243713 .
CERPU 24440 WRITES 24435 00100 00064
FLAT
ERDFIL
CREEQ 24584 ARTAN 24535 00167 ooley 11461
cos
SIN
PARAM 25732 FGOIUT 24724 01320 00720
SQRT
FIXT
PROUT
TNORM
DABEQ
QI 26204 YNDVE® 26244 00002 00002
OFFSYS 26246 FNONE ¢ 2W62h6 Qo010 0po0na
ERDSYS 25247
EINSYS 25250
SCHAIN 25251
PGSTRT 26252
PGSTOP 26253
DLp 2625%
TYPRYY 26255
SIN 26258 TNONE® 28256 00243 00183
cas 26261
Q51N 25285
QCO3 26267
THORH 25526 SQRT 26521 00252 oo1to Tr461
UMAT 27004 SQRT 26773 03221 a1681 11461
LOG
GERPU
ARTAN
PARAN
(L] 2222 "NONE® 2214 00064 00054 TITTh
LOCL1O 32214
SORT 32302 *NONE* 32302 0005% QDO&% 77773
ERuT 2312 cuTys 2350 03031 0156¢
FGOOUT 31635 ACT1ND
PRGAY 32537 BFLG
PROUTZ 32510 RESTKA
PROUTS 32523 REQTHD
ISXA 34545 WRETE
ISXB 35335 PRLOK
AOGSAY
RGGSTR
CKERD
CKACT
READD 35610 1igu} 15407 00355 00245
READS 35612
WRITED 35415
HRITEBR 3ISELT
BSREC 35626
BSFILE 315631
REWIND 35634
UNLOAD 35637
ENDFEL 35542
SETLOW 35520
SETHI 35523
TUNIT) ISTTL
TAPEID ISTTL
10U ISTIT YNONE* 35774 00030 00024
oUTUS 36026 RGGSAY 35024 02320 ol232
BFLG 8682 RGGSTR
ENDOUY 36413
CKIND 49255
JLEALT 40320
REQIND 40254
ACTIND 40253
RESTKA 40251
PLI1CGH 40334
PL2CGH 40335
PL3LON 40316
PRCON 40337
AGGSAV 40344 *KRORE! A0k 00133 a00sl
AGGSTR 404286
10Cs 40500 CLOSK 40477 053135 02269
DEFIKE »0501
JOIN 40504
ATTACH 40507
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CLOSE
OPEN
READ
WRITE
COPY
REW
WEF
BSR
BSE
STASH
CLECK
HINUTE
XHIN

40512
40515
40520
40523
40528
40531
40538
40537
40542
40545
45037
4503
45034

LA ¢ JUST LOADED.

UNUSED CORE LIES FRAN

*NONE*

45142  THRDUGH

&5034

5003E

» LEAVING

00166

oooTQ

02670 OLTAL OR  Dl4&k  DECINAL LOCATIONS.

ENTRY PDIRTS TG SUBRIUTINES REQUESTED FROK LIBRARY:
FSB1

REWIKD

TOFAD)

(DFYPY {0

THE NAME DF TH1S PROGRAM IS "LA% .

EHTRY NAME
v2PCS
PREDA

ABDD

ARSIR
ARCODS
QARSIN
GARCOS
ERRARS
EARARC
ARTAN
COEF

CORR

DATAPE

IXTAB
HD2F
PNUT

PFOIRT

quiz
RATES

REAP ~
REAH

ROT

QFFSYS
ENDSYS
FINSYS
SCHATH

ENTRY ADD.
22302
22314

22360
22510
22870
22664
22462
22660
22611
22515
22624
22736

23724
24230

24554

R4TIS
24736
26737
246740
24758

26254
26270
26552
26568
26574
26702
27061
27067
27071
27110
27134
27145
27222

271530
27616
2TETS

30242

30532
0546

3422
31422

34166
AK4S0
A4451
I44%2
34453

TRANSFER VECTORS
PREDA

TYPRYT
POINT

DATAPE
REWIND
"HOYE"
THONE®
THONE®

*HOYE*
TDFAD)
(DFH™)
LDF58)

*HOVE"

ERRDR
TYPRYT

TDFOP}
(DF5B}
§DFMP)
(DFAD)
DNDD
cos
*HONE*

SQRT

2722165

LOAD ADD.

22301
2ne

22360
22410
22460

22624
22726

23716
24212

24661

24722
247356

24741

26254
26266

26565

26574

27106

27210

21520
2TELE
27668

30225

0532

20535

21417

3s162
34550

DHOD

OCTAL LENGTH
00007
00059
00030

00050
Q0145

on102
00770

00274
00&&T

0O04L

00014
60003

01313

oopl2
00277

oooar
00312
00tQ2

00320

00065
Qanoso
00337

00305

coan3
00662
02553

o266
o000

{DFOR) EXP(3

DECIMAL LENGTH
Q0EoT
040
Q002%

00040
00i00

Lib1 T
050

onlae
00295

09033

00012
00003

00715

Q0alo0
oo191

00007
oozo2
o0nss

00208

00054
000450
QD223

QoLeT

ooo03
00434
©1379

-1 3774
Qoo

READB

CONKON BREAK

17152

17152
50031

£7675

59031

5003t

50001

50031

50031

S000L
S0031

50032

S0u3
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PGETRT 3RS

PGSTOP 34455

oce 34556

TYPRYT 34457

SiN 34450 THONE* 34450 00242 (113 ¥

cos 34553

QSN 345457

ocas 34471

YEC 34722 YHRYE® 34722 00017 00015 50031
REDE 34742 ncP 34761 00421 an273

AITE 34745

PISA 35171

EXPt3 35362 THONE® 35362 00136 ooo%e 77773
{DFAD} 35520 'NONE* 35520 00120 00080 T8
[OFSB} 35540

[DFMP) 15560

toFDPY 35606

oKDY 355640 *HONE® 35640 00060 QDQ&B TTITS
SQRT isrz0 *NONE® 35720 00055 00D&S TTITY
READD A5Tte [ {113] ASTS 0D3&SF 00245

READB s&hoo

HRITED 36003

WRITEB 36005

BSREC IsZle

BSFILE 36217

REWIND o222

UKLOAD o225

ENDFIL 16230

SEILOW 6206

SETHI 6211

(UNIT) 356351

TAPEID 86357

(Iou 36365 CHDNE* 36382 00030 oop24

LA * JUST LOADED.

UNUSED COAE LIES FROM 36812 THROUGH 47675y LEAVING 11264 DCTAL QR 04THE DECIHAL LOCATIDNS.

ENTRY POINTS TO SUBROUTINES REQUESTED FRDM LIBRARY,
DEFINE el aPEY CLOSE”

ATTALH PROUT FLODUT FELTYP ENDOUT
THE NAKE DF THIS PROGRAH [5 'LA5 . 2722765
ERTRY HAHE ENTRY ADD. TRAVSFER VELTORS LOAD ADD. DCTAL LENGTH DECIMAL LENGTH COMHCH BREAR
«spCB, | Z2302 sor¥ 22301 Qo006
SORY 22316 TYPRYT 22307 02055 01069
CEFINE
ATTACH
OFEN
THARP
CLOSE
FLAK
B1BCOD 24511 HONE® 24364 00654 Q004%
DNAME 24653 NDNE® 244450 Q0014 00pL2
AQul 24512 PRAUT 24454 00751 oD4B1 50031
ALLI 24572 FGDOUT
BALLI 24567 PRINE
BAQUT Tahbh F1x¥
DAYE
TELTYP
ENDOUT
BlBLD
PERNGD 25621 KiRE 25415 o007 oaoar
HECLF 25420
RESP 25816
AKNGPLT 25417
HONRED 254624 THONE® 25424% 00002 00002
ERROR 25426 *HONE* 25426 Q0012 onoio
FILL 25442 RITE 25450 00277 0019l so0001
FILT 25724 PISA
FrxT 25740 FIxTT 25737 Yooa? 00007
FIXTT 25748 TNDNE* 25746 00312 an2oz 50031
FLOt 26054
FIx 26235
FLOAT 28241
DAYE 26251
FLAT 26262 ERRDA 26260 o002 00066
FLAPR 26310 TYPRYT
FLIK 28317
KIKE 28364 REDE 26362 o0D216 a0152 30001
ERRDR
outz 26400 *NOME 26600 aconz ooeo2
OFFSYS 25502 "NONE* 26602 00010 Q0008
ENDSYS 26603
FENSYS 26504
SCHATH 26405
PESIRT 26506
PGSEOP 256607
nLe 26510
TYPRYT 26811
THARP 26526 GFFSYS 26612 00573 00379
PKINE 26733 XENE
AQU1
ALLT
BAQUI
BALLI
PERNDD
RESP
WOLF

29
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ANGPLT
BIBLD
TYPRYT
REDE 27606 DLP 2T405 00422 0D2Th
RITE 2741l
PISA 27635
TELTYP 30036 PROUTZ 3onz7 01101 00577
5CCYTY 30253 ACTIND
PROUT A
TSXA
RGGSAY
RGGSTR
T5x8
PROUT EISE LS QUILS 31130 Q2032 a1se2
FGOOUT 32510 ACTING
PRCRY 3131} &FLG
PROUT2 31262 RESTXA
PROUT3 31275 REQIND
TSXA 33117 WRITE
T5XB 34107 PRCON
RGGSAY
AGGSTR
CRIND
CRALT
ouTus 35164 RGGSAV 34162 02320 or232
BFLG 35020 RGGSTR
ENDOUT 34551
CKEIND 35413
CKACT 35454
REQGIND 36412
ACTIRD 36411
RESTKA 36407
PLICDN I64T2
PL2CON 36473
PLACEH I6eT4
PRCDN 35675
RGGSAYV 36502 *HOYE* 36502 oQL33 c0091
RGGSTR JES6R
I0Cs 38636 CLOCK 358635 04335 02269
DEFINE 6537
JOIN J68&2
ATTACH 6645
CLOSE 16550
OPEN 36653
READ 36656
WRITE 38661
£0py 38664
REW 36667
HEF 36672
BSR 36675
B5F asTo0
STASH 36703
CLOCK 43175 *NONE® 43172 00lo06 00679
HINUTE 43172
XKIN 2172

LAS * JUST LOADED.
UNUSED CORE LIES FROK 43300 THROUGH 50001, LEAVING 04502 OCTAL OR 02370 DECIMAL LOCATIDNS.

ENTRY POINTS TO SUBROUTIHES REGUESTED FRGM LIBRARY,
SETHL REWIND NDFIL DFSB} (CFAD) TDFHPY SQRT EXPL) ONDD tOFDP)
WRITEBR READB

THE WAME DF TH1S PROGRAM IS 1LAG . 2722765

ENTRY HAME ENIRY ADD. TRAYSFER VELTORS LOAD ADOD. OCTAL LENGTH DECIMAL LENGTH COMMON BRETAK
=aPCB 2302 FIT 22301 a00ds aooos
FIT 22320 REDE 22307 00735 00%7T
TYPRYT

ABDD 23245 THONE® 2324% 00030 [:]-Fo3
ADD 23275 "NONE* 23274 oapse Q0040
ARSIH 23354 THDME® 23344 DOL4&% oo1a0 sz
ARCOS 23350
QARSTH 23346
QARCOS 23344
ERRARS 23675
ERRARC 23501
ARTAN 23510 SHOME* 23510 aoto3 00067 TI152
BEER 23614 REJEC 23sl3 a0oTl ooo5T ATETS
CALL 23136 :EE: 23704 00523 aon339 5123%
CDEF
STAP
{DFsB)
REAP
GHADP

CATS 245356 VEC 24827 GO&AS 00421 4TETS

COEF 25304 {DFAD) 252T&% ooTT0 0050% 0031

coL 26272 tos 2626% Q040 onza2 $0021
Carop 26702 SURT 26672 Q17O o012 50031

30
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CDAR
DAYS

DECQD -
131211
.

DOPLR

GERTA
GREDF

GHADP

IMpPAR
INSPC
XIRE

0BYOX
0GIR

OCPAR
PARLEY

PHILD
PHUT

Quiz
RATES

wacT
REDE
RITE
P15A
EXPI3
(DFATH
{DFSB)
[OFMP}
IDFOP}
oMoD
SQRr
AEADD
READS
WRITED
WRITES
BSREC
BSFILE
RENIND
URLOAD
ENDFIL
SETLOW
SETH]
fUNIT )
TAPEID
[R5}

TLAS

UNUSED CORE LIES FROM

21070
27362

27420
274566

27670

31186
31202
Il4e6s
31500
31506
3bls
3LTTIS
32001

32011
32022
32050
32057
3ziz

23212
33332

33636

33752
5150
ETTY-1.9

ILETS
351 T%

54156
36130

16174
35250

36500
16814

37470
375710

42230
42302
42312
42574h
42575
w2576
42577
42600
42601
42602
42803
w2506
42607
42613
42615
43058
4078
%3120

454SE
44534
44530
%4541
4541
L4152
446755
R4T60
HAHTED
44756
&4T 54
44757
45115
45115
45123

* JusT LOADED.

ERRIR
TYPRYT

PARLEY
LOFHPY
(OFAD)
(DFOP)

THONE®

"NDNE®
*NDVE*

NONE®

YNONE®
“NONE*
coL
DECOD
SORf
WOCT
cos
ERROR
"HONE*
oce

*NONE "
*NONE"

YHDAE?
*NOVE*
11003

TNBMEY

45150  THROUGH

270862
27357
27420
27460
27653

31168
31200

31477
3506

32020

32121

33207

33a24

33745
pLICES
34454

34672
35ts7

35411
36126

36112
35242

36600

36603

37465

42230

#2306
42574

*260%

43046
43076
%3118

43464
43577

44120
ELF+1-

44376
L6556
44533

45120

46T11.

LEAVING

31

00275
00041
00040
00173
01313

[ 1 ¥
co2TT

oaooY
ooz

00101

a10565

ae215

00321

ao1?T
Qo310
0216

00275
00222

00515
Q0044

00050
00315

00003

00682

02543

#0056

0265
Qoplo

Q0242

OO0
ooD20
0034

oool3
00821

00136
oglL2o

00060
00055
0065

ocQl0

D1542 OCTAL OR

0otag
00033
00032
op123
ooT15

oogra
agLel

ooooT
op2a2

0onss

00566

00141

0020%

bDY27
DDZa0
oO1A2

og1ee
[ BT

00333
00036

00050
op222

cocoo3

CO&34

or3rg

0004

ooLs2
anons

09162

[ele]erad)
000LE
00230

¢ooll
00273

Q0094
aDaso

00043
GDO045
00245

00024

008ss

4THTS

50031
50031

50031

Sco0q

50031

50031

50631

50031
50031
50001

50031

50031

50001
50001

50031

A&TLY
20031

5003t
50031

TITP3
TITI7G

76
TI73

DECIMAL LDCATIONS.
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ENTRY POCNTS TO SUBRQUTENES HEQUESTED FAOX LIRRARY,
DEFINE ATTACH OPEN CLLBSE

FGOOUT PROUT 3Rt IDFSBY 1DFARY 1OFAD)
CLOCK TOFDP)
THE NANE OF THIS PROGRAN 15 'LAT  * 2022185
ENTRY MANE  EHTAY AGD.  TRANSFER WECTDAS  LDAD ACD. OCTAL LEHGTH DECIWAL LEWGTH CONNON BREAK
#eRCH 2302 . APRAOR 27300 001z 50010
PRINT
PRINT 22330 DEFINE 2232 oz518 D13%8
ATTACH
DPEM
ENDIT
RITE
DFFSYS
PRIND
PRIN
CLOSE
KEDE
FCROUT
FIXT
PROUT
FLAX
BIBCD 25053 *NOME® 25026 £0055 00045
DIAG 25110 5077 25103 a0106 anota 50031
DIAGD Z521¢ soar 25211 aaLgs 40459 50031
ONAKE 25331 TrRavE* 25318 oanL4 doalz
ENDIT 25388 (1231 1 25332 CLATS eoa2s 50031
(DFRPY
IeFA0)
paiR
$Q&Y
SIPREC
REVAT
nout
ERRUR F4dr4 TRONE* 27026 ogDlLy LOoDOY
FIXT ZTPAD FIXTT 21037 coopY ooDoT
FIXTT 27058 *NDNE® 21046 [LI1TH oo202 50031
FLOT 27154
FIx 27335
FLOAT 27341
DAYE 27351
FLAT 21382 ERRDR 21360 oolor 00055
FLAPR 27410 TTPRYT
FLAK 27417 .
NORKAY 2ThEH SQRT 286t oao2st 00149 TT461
NoUT 27734 PROUT arvsz aor00 0004
BLEN 17e TYPRYT
BUKEY 30032 THONE® 30032 00040 00032
OPKEY 30036
COREY 30053
AFKEY 30049
PRIM AGLLS FGoOuT 3opT2 Q1424 QA0T88 5aop01
PRAM 30102 PROUT
sieco
FLAPR
PRINE
NORMAY
oaLl
pIAGo
TAMR 31547 TROME* n56 guoos agans
PRENE 31520
TAPR 3t5:1
DI1ACD —hewrh
PRING 3isaz FODDUT 31523 00435 ooz85 50031
PRIT 31763 p1AG
APRIOR 32154 cLocK
PADUT
FLAPR
FIXT
BiBCD
auiz 32180 SNONES 32160 opoo2 bood2
REVRT 32170 COXEY 52162 oozae 00134 SpO3L
BLEN A
OFFSYS 32370 *NONE* 32370 ooa10 vou0d
ENDSYS 32371
FINSYS 32312
SCHALN 22373
PLSTRT 32374
PGSTOP 32315
e A2aTs
TYPRYT azarr
STPREG 32410 (oFaD) 32400 D2055 a106% ST
10FD3}
D5QRT
(OFHPY
DSQRT 34550 ERROR LTS 3] g9igs acora TTTTH
REDE 345484 oce 3456) 90421 ao2r3
RETE 34357
PISA 35013
IDFAD] 35208 *HONES 35204 oo120 00080 F233%
DFS8) 35724
(DFMR) 3I526N
toFor) 35272
SORT 35324 "RONE® 35324 00054 0044 mn
cLocx 35403 “NONEY 35400 00106 o00TD
HIKUTE 35400
XHIN 35%5%00
PROUT 3s522 DUt 35506 03032 01562
FEOOUT 26766 ALTIND
PRCHY ase4T BFLE
PROUTZ 35640 RESTRA
PROUTS 35853 REQIND
TSXA 37675 WAITE
TSXB 4055635 PRCOH
RGCSAY
RCGSTK
cKIND
CKACT
CUTUS HIFeZ RLGSAY &#0540 0zZizo DLZFE
BFLG 41378 RGGSTR
ENDOUT 41127
CKIND 42773
CRACT %3018
REQUHD %2770
ACTIHD 42787
RESTXA w2785
pLICON #3050
PLRCON %3551
PLICOH 43052
PACON 43053
REGSAV “3p50 *HONE 43060 o133 ooost
RGGS IR #3142
1005 3214 £LOCK 43213 04335 02269
DEFINE 3215
JOIN 43220
ATTACH %3223

32
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CLOSE 43226
GPEN 43231
READ 43234
WRITE 43237
capy 43242
REW 43245
wWEF 43250
BSR 43253
Bsr “32%6
STasH %3261

SLAT " JUST LOADED.

UNUSEC CORE LIES FROM 47559 THROWGH 50001, LEAVIHG 0B232 OCTAL CR 00154 DECINAL LDCAT]ONS.

ENTRY POINTS TO SUBRDUTIHES REQUESTED FROH LIBRARY,
CLOSE

QEFINE ATTACH CPEN WEF WAL 1E FGDOUT PROUT SQRT
THE HAME GF THIS PROGRAK IS '"LAB 1 2722765
ENTRY MAME  EMTRY ADD.  TRANSFER YECTORS  LOAD ADD. DCTAL LENGTH DECIMAL LENGTH COXMDN BREAK
=sPCH 22302 RESID 22301 00007 00007
LLOCK 22310 SHINE? 22310 ooz 0ooe2Z
RESID 22320 DEFINE 22312 01301 Q0705
ATTACH
OPEN
TYPRYT
THARP
CLOSE
ANGPLT 23520 PLINE 23653 00577 00383 51235
FIXT
BISLD
CAPLOT
DIFD
BTBCD 25537 INDHE" 24612 0C054 00044
LxPLOT 24470 XEF 2445506 03320 Q1 744
XXXFSR 25327 WRITE
coc 25675
PLVTONE 24521
8ET 24672
DIFD 30006 "HOYE" 39006 00026 ooo22
GNANE 30047 tNONCe 30034 00015 aoa13
BALLL 30056 KINE 30051 00007 aoaot
BAQUE 30057
ALLT 30052
AQU] 30052
JUDY 30054
ERRODR 20060 *NOYE" 30060 o001 0o0o9
FIXT 30072 FIXTT 3oo7l o000T coooT
FIXTT Jgi00 THOYE? 30100 a3z anzo2 50631
FLOT 0206
Fix 3IDIAT
FLOAT 30373
DAYE 30403
FLAT 30414 ERROR 0612 00102 aaass
FLAPR 30442 YRyt
FLAK 30451
K1RE 305L6 REDE 30514 00215 03161 SG00L
ERRIR
PERRAN 30736 FIXT 30T 00503 an3z3 SE235
KOLF 31067 FGDOUT
paQUT
SQRE
LaLA
quiz 31434 "NONE" 31434 aacoz 00002
RESP 31450 coC 31436 01564 00Ba% SQont
coLa 326 FGDILT
CXPLOT
PRINE
PERNDD
FIXY
PROUT
FLAPR
BIBLD
FRRIR
AFFSYS 32 PuONE 31222 ood1e anoos
EKDSYS 33223 R
FINSYS 32245
SCHALN 33225
PGSTIRT 33226
PGSTOP 32t
poe 33230
TYPRYT 23231
STATID 33232 YNONE® 31232 [i]:] ¥ ] 000L6
THARP 33266 OFF5SYS 33252 005713 00379
PRIHE 33373 KIHE
AN
ALLI
BAQUI
BALLE
PERNOD
RE3P
HOLF
ANGPLT
BIBLD
TYPRYT
REDE 3&D4AE oy IN06S 00421 Q02713
RITE 34051
PISA 35275
SORT ELLY-T) “NONE* 344565 00054 00044 TTIT3
PREUT 345556 QuTLs 34562 03032 1562
FGDOUT jspz2 ACTIND
PACHY 34723 BFLG
PROUTZ 346T4 RESTXA
PROUT 3 A5707 REQIND
TSXA 25731 WRITE
TSXB 3521 PRCON
RGGSAV
RAGGSTR
CXIND
CRATT
auTus 31576 RGGSAY 3I157s 02320 01232
BFLG 40432 RGGSTR
EKDOUT 40163
CKIND 42025
CXACT 42070
REQIND %2024
ACTIRD 42023
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RESTKA 42021
PL1CON 42104
PLZCON 42103
PLICON 42106
PRCOR 42107
RGGSAY 42114 +HORE" 4211% 00133 00091
RGGSTR 42176
1aes 42250 GLOLX 42247 4335 02269
DEFIHE 42251
JOiN 42254
ATTAEH 42257
CLOSE 42262
OPEN 42265
READ 42270
WRITE 42273
copy 42274
REW 42301
WEF 42304
BSR 42307
85F 42312
STASH 42315

TLAE  * JUST LOADED.
UNUSED CORE LIES FROW 56605 THROUGH 30001, LEAVING 011756 DCTAL DR OO&38  DECINAL LOCATIONS.

ENTRY PDINTS TD SUBRIUTINES REQUESTED FAON LIBRARY,
REMIND ENDFIL SQRT IDFDP) 1OF58) LOFKP) {0FAD) oD DEFINE ATTACH
OPEN CLOSE EXPI3 RGESAY RGGSTR CLOCK READ

THE NAME OF THIS PROGRAH IS5 ‘LAY . 2122765
ENTRY NAME  ENTRY ADD.  TRANSFER VECIORS  LOAD ADD. DCTAL LENGTH CELTMAL LEKGTH COMXON BREAK
NMOGPHL 22460 TYPRYT 22300 a1322 00722
QOGFF 22614 DDATA
READS 22306 REMIND
CFF5YS
ENDFIL
ERAOR
TELTPY 23824 *HONE® 23822 DOOD3 oooo03
TELTYP 23623
LUNIT) 73522
FixT 23526 FIXET 23625 cooL0 00008
OIAG 2642 SQRT 2363% 00105 0gnse 56031
ERROR 2IThe TYPRYT 23742 onss2 0290
ONLIN
FIXTT 24404 THDNE? Z480% 0a3r2 00202 50031
FLOT 24312
FIX 24673
FLOAT 25577
DAYE 24707
GHADP 24730 1DFQP) 74716 00320 o208 50031
({DF58)
I1DFMP)
[DFAD}
OMDD
caos
quiz 25236 THDYE" 25238 00002 00902
OFFSYS 25240 *NDNE" 23250 ohn1e opooa
EHDSYS 25241
FINSYS 25242
SCHAIN 25243
PGSIRT 25244
PGSTOP 25245
ocP 25245
TYPRYT 25247
sIn 25250 YHOXE™ 25250 00243 00163
=113 25253
[ 0] 25251
qLos 25261
SPHX 25522 g?s 25513 an3za 0821t Sanad
N
GHADP
STPREG 26056 LOFAD) 25036 02055 0E069 T175T7
[DFOP)
BSORT
{DFAP}
O5QRT 3clis ERADR 30:13 00106 Q0070 1786
REDE Flored oce 3ozz21 00422 002T4
RITE ap225
PISA 30451
OGATA 0566 TYRRYT 30643 03305 01733 50001
QWLIN 30170 CEFIRE
PSR 31136 ATTACH
oPEN
tARDS
OFESYS
ERRDR
FINSYS
CLOSE
ODJFF
READS
MOTPHE
FLQr
SPHX
STPREG
DEAS
REDE
ocp
EXPL3
CARDS 38154 RGGSAY 3&150 02266 01206
CROCON 34430 AGGSTR
CRECHY 450 CLOCK
REAQ
EXPL3 36436 “NONE®" 364386 ool3s 00094 77773
IDFADR} 365T4 *NOvE" 355Ta aolzo cooso TS
LDFsBA) 3sb14
1DFHP1 36634
IDFOP) 38662
MDD 38714 *HONE* 36718 00050 conss TS
SQRT 38774 *HOME® 36774 00054 0004& 7713
CLOCK 37053 SNONE* 37050 aolo7 00071
BINUTE 37050
XMIN 37050
READD 37160 110w 3T1ST LLETS 00245
READB 37162
WRITED 37165
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WRITEBR 3T16T
BSREC ITITe
BSFILE 37401
REWIND 37404
[ILSEs Y 17407
ENOFIL 37412
SETLOW 37170
SETHI INT
eIty “ravee
TAPELD EXtESN
(faut 37547 *HONE! Xkl 0o 00024
RGGSAV 37574 THONE? 31574 40133 09091
RGGSTR 356
10Cs 37730 cLocK Erirsd 04335 0z269
CEFINE 3na
JOIN ATTI4
ATTAGH EXSEXs
CLOSE 31162
OFEN 27745
READ arso
WRITE 353
caey 17756
REHW A6k
WEF ITTe4
B ATNTLT
BSF aTrz
STASH anis

*LA9 * JUST LEGADED.

UNUSED CORE LEES FADM 46264 THROUGH 50001, LEAVING 03516 OCTAL OR 01370 DECIMAL LDCAT[ONS.

ENTRY POTRIS TO SUBRJUTENES REQUESTED FRGM LEIBRARY,
FGDOUT DEFIN

E ATTACH OPEH CLOSE COHENT READB PROUT
FHE MAME OF THIS PROGRAM IS fLALD * 2122165
ENTRY NAME  ENTRY ADD.  TRAYSFER VECTGRS  LOAD ADD. DCTAL LENGTH DECTHAL LENGTH COHHON BREAK
“=PLB 22302 PARSH 2230 ansoe £0006
PARSH 22316 FGDOUT 22307 01228 0682
DEFINE
ATEACH
QPEN
COHOUS
WASH
CLOSE
coHauT 23536 COMERE 23535 o0a16 00014
FIXT 23554 FIRIT 23553 0007 00007
FIXTT 23562 TNONE* 23562 Qa312 0202 50031
FLOF 23670
Fl14 2405t
FLOAT 24055
DAYE 25065
FLAY 25016 ERRIR 24074 00102 00066
FLAPR 24124 TreEary
FLAK 24133
ERROR 25176 *NONE! 25176 0G011 0G00%
WASH 25214 READB 24207 6os23 00503
FLAF
FIXF
PROUT
ELAPR B
OFFSYS 25032 TRONES 25032 ooo1o 00008
ENDSYS 25033
FIRSYS 25034
SCHATN 25035
PGSTRT 25036
PGSTAP 25037
ocp 25040
TYPRYT 25041
PROYE 25056 ouTes 25062 03031 ok561
F£GODUT 26322 ACTINO
PRONY 25223 HELG
PROUTZ 25174 RESTKA
PROUE3 25207 REQERD
TEXA 271231 WREEE
ISXR 30921 PRCON
RGGSAV
RGGSTR
EEIND
CRALT
READD 30075 tious 20073 00365 00245
READB 30076
HRITED 30101
MRITED 30103
BAREC 30312
BSFILE 30315
REHIND 30320
UHLOAD 30323
ENDFIL 30326
SETLOW 30304
SETHY 30307
{UNET) 30435
TASETO 20455
{10V} 30453 *NOYE! 30440 cco30 eon2s
DUTUS 30512 RAGGSAY 30510 02320 01232
BFLG EZSLT ACGSTR
ENDOUT 77
CKIND 32741
CRACT 33604
REQTND 32740
ACTIND 32137
RESTKA 32138
PLICON 3xwzo
PL2COH 33621
PLACON 33022
PREON 11823
RGGSAY 33030 *HONE® 33030 op133 ooo9t
RGGSTR 33112
tocs 3364 cLozk 33143 04335 oz2ta
DEFTHE 33l65
JOIN 3M7T0
ATTACH 3373
CLOSE 3MTE
OPEN 30
READ 31208
KRITE 3307
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33212
33215
332zo0
33223
33226
33231
37822 CLOCK 37521 03177 01663
42123 THDHE® %2720 00LGe opoTo
52720
42720

fLAID ¢ JUST LOADED.

UNUSED CORE LIES FROM 43026 THROUGH 50031, LEAVING 0500% OCTAL DR 02584 DECIMAL LOCATIONS.

ENTRY POINTS TO SUBRQUTINES REQUESTED FROK LIBRARY.
T (DFS! READB

REWIHD SQR! F58) BSREC (DFAD) LOFRPY tDFOP) DROD
ENDFIL
THE NAME OF THIS PROGRAM IS5 *LALF * 222765
ENTAY NAME ENIRY ADD. TRAMSFER VECTORS  LOAD ADO. OCTAL LENGTH DECIMAL LENGYH COMHDN BREAX
=aPCB 22304 EPBX 22300 onoz2 ovols
TRADE
TAPEX
10C0
ipco 22332 REOE 22322 00165 00117
TRADE 22455 REWIND
EPOX 22466 X00L
BHTRZ
IHTRL
TYPRYT
EPPHEN
FLAK
ACE 22514 SOrRT 22507 00087 0QQss 4T4T5
BMATRX 22610 SQRT 22576 01432 00734 4T6T5
G162
RCAL
RCOM
RSIG
ACE
ERROR 24230 *HONE® 24230 ooo012 ooold
ACD 24242 "KRONE® 24282 00050 Qoo4p
ARSIN 24322 *NONE* 28312 0014% Qotqoop 752
ARCOS 24316
QARSIH 24314
QARCOS 24312
ERRARS 24443
ERRARC 2484T
ARTAN 24556 THONE* 25456 00303 00067 TSz
DAYS ZAS6E FIX 24561 oDO%2 00034
FLOAT
ABD
EPPHEM 28644 Quiz 24623 Q0s0% a03a% AT5T5
POHT
KIHE
STARP
{DFsB}
TINER
LapKUP
INTRL
KOa1.
GAMAT
RIVEN
TOCIN
HWREQF
FIXT 25830 FIXTT 25427 ocooT £0007
FIXTT 25536 *HDNE! 254356 00312 an202 50031
FLOT 25554
FIX 25735
FLOAT 25731
DAYE 25741
FLAT 25152 EXRDK 25750 oaLoe2 00065
FLAPR 26000 TYPRYT
FLAX 26007
G162 26056 YHONE ! 26052 00266 00182 50001
EPHEM 26344 REWIND 26340 01452 [LEI L]
TAPEX 27524 READB
BSREC
PHUT 30020 SiN 3goiz 00336 opzzz 50001
cos
ROF 30354 "HONE* 30350 00266 oDlE2 +%5003]1
GAMAT 3Ds52 (DFAD) 30835 on514 00395 47575
(DF58)
Logeup «
IKTR1
THSPL
BRATRX
{OEKP)
(DFOPY
GHADP 3464 {OFQP} 31452 00320 00208 50031
{DFS8|
LDFHP)
{DFAD)
DROD
cas
THSPC 31776 *HONE® rrz an3lo 00200 30031
BHTRZ 34365 EPHEM 32302 04214 2188
INTRL EL1]0) PHUT
ROT
ERRDR
K1HE 36520 REDE 35516 00200 00128 50001
ERROR
LOO0KUP 38720 ERRQR asT16 0045563 Q0307 ATITT
KDL InRso REDE
PONT IThle OFFSYS hrotiiy oo31l 80201 51235
{0FAD}
JTHER
Logxup
IHTR1
GAHAT
RITEN

36
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QuIzZ
RCAL
ACOM
WREOQF
RITEH

RSIG

GFESYS
ERDSYS
FINSYS
SCHAIN
PGSTRY
PGSTOR

LEcP
TYPRYT
SIN
QSIN
Qcas

STARP
TEHER

TOCIH

Ttz
Alraz
40162
4063
40314

43034
43114
43115
4316
“N17
43120
%3121
43122
4323
43124
43127
%3133
43135
43366
43826

43600

45710
4571}
45137
45330
45350
45370
#5416
45450
45530
45506
45610
45613
45515
H5024
45027
25032
45035
45040
a6014
45321
REL6T
45167
45175

*LALE ' JUST LOADED.

UNUSED CORE LIES FROM

ENIRY POINTS TO §
DEFT.

ATTACH

UBRDUTINES RE
1]

*HONE®
*HONE®

*HONE*

THONE !
1DF3B)
LOGXUP

*NOVE*

TypREY
TNONE®
[FLiLL)

SNONE*

46222 THROUGH

THE HAHE OF TH]S PROGRAM 15 *LAlZ *

ENTRY N&ME
“ePCE
SAYCOM

arace
DIAGD
ERROR

FLAT
FLAPR
FLAX
KINE

HAXIX

HOCT
HORHAY
APRED
UPREJ
OPERA
BUREY
DPKEY
COKREY
AFKEY
PRIN
PRAH

TAMP
PRIHE
TAPR
nracn

ENTRY ARD.
22302
22440

2#025
25662
24T 66

25530
25556
2556465
25632

26056

25544
25654
27204
21231
23122
27264
27270
27305
27312
27345
27334

FRANSFER VECTORS
SAVLDH
DEFINE
ATTACH
GPEN
PRIY
GUFST
HAXIH
QFESYS
TYPRYT

*NONE"

FGQIUT
PROUF
Bl18CD
FLAPR
PRIME
HORMAY
PRIT
QLAGO
*NDREY

GUESTED FROM L IBRARY,
PEN CLOSE

OECIHAL LOCATIDNS.

3rT12 oneo3 00003
3TTLS 00240 [ 341 ]
A0155 o133 00091
40310 02520 01340
%1030 00DE4 00052
S3LL4 €001 oopoa
43124 Q0242 oot&2
43366 00031 anozs
23517 00142 00098
43561 01124 00598
45707 00%21 00273
45310 coL2o 6oo3g
45450 00060 00045
45530 00055 00D4S
45605 00365 00245
456172 00029 00024
4T6TSs LEAVING  Ol45% OCTAL OR o008tz
SGRT PROUT [1i1233: 1] InFADY

2022765

LOAD ADLD. OCTAL LERGTH DECTIMAL LENGTH
22301 0pl2z3 ooos3
2242% Q2154 OEl3Z
24600 00055 00045
24655 00105 oDD&%
24762 00544 [+ 311
25526 00162 ooo6s
25630 00215 00141
26055 00473 00315
26540 anlo7 00071
Z564T ao2s52 op170
27121 qol43 Q0093
ZTZv% 0a0s0 00032
27324 0E&25 oDiEg
30750 ooons aooos
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AT6T5

50031

TIT76

11774
77713

Fanout

COHMON BREAK

50031

50001

50001

77561

soaoy
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PRIT 30756 FIxXv¥ 30758 DOORE ooDZY
8I0CD
QUEST 3n2o SQRT 31011 [ 03] coi1rT AT6T5
ERROR,
EXIT
Quix 3iT6 *NDNE" 31176 00002 00002
RECOY 31200 TRONE* 31200 L04an2 oogaz
SETUP 31204 RITE 31202 [y Tk bo06Y 50031
GHDSYS
FIXT 3131¢ FLATT 31307 Quoo? Qa7
(33344 313tE THORE 31316 QB3 oozez <0031
fLOT 31524
FIX 31805
FLOAT 31811
DAYE 31521
QFFSYS 31630 *HONE® 31830 oopP11 qaogog
ENDSYS 3163}
FINSYS 31632
SCHAIR 31633
PGSTRT 315634
PGSTOP 31635
nee 31536
TYPRYT 31637
REDE 31542 oLy 31844 og42L 00273
R1TE 31545
RISA 3zp7l
EXIT 32263 "NONE* 2262 002:D on13s
EXSEL 32365
EXRITFN 32274
ERRDHP 32262
IBFAD] 32472 THDNEY 32472 00120 00080 TI1TH
(DFSB1 325EZ
{DFMP) 32532
(QFOP) 32560
SART 32512 *NDNE* 32812 Qo054 qoass 71T
PROUT 32rQ2 ouTus 32é66 03032 015862
FGDOUT 34145 ACTIRD
PRENY II04T BFLG
PROUTZ 33020 RESTKA
PROUTS 33033 REGIKD
ISXA 35055 HRITE
TSxe 15645 PRCON
RGGSAY
RGGSTR
CX1ND
CXACT
quTys 35722 RGGSAY asi1zo0 Q2320 01232
BFLG 36556 RGGSTR
ENDOUT 38207
£KIND 40151
CKACT A0Z14
XEQTHD AMs0
ACTIHD 40147
RESTKA A0145
FLICON 40230
PL2LON 40231
PL3COH 40232
PRCON &0233
RGGSAY 40240 THONE® 40240 Qotll3 000391
RGGSTR 40322
10Cs ELEYL] ciack 40373 Q4315 Q2269
BEFINE AG375
JOIN 40400
ATTACH 40403
LEDSE A0400
DPEN 4081}
HEAD Albl4
WRITE 40417
COPY 40422
REM, 40625
WEF 40430
85R 40433
BSF 40436
STASH 40441
Lo £4733 HOsET 45130 GB106 Qo7
KINUTE 44730
XMIN 45730

"LALZ ¢ JUST LOADED.
UNUSED CORE LIES FROM 45036 THROUGH &TET5y LEAVING DZ640 OCTAL OR D144D DECIMAL LOCATIOWS.

_1
EHTRY POINTS TU SUBRUUTINES REQUESTED FROX LUIBRARY,
DEFINE H PRAOUT

ATTACH [1):22 CLOSE {DFDPY (DF3B) [DFAPY LOFADY bLUL
SGRT
THE NAME DF THIS PROGGRAM IS *DDPX 1 2722765
ENTRY NANE ENFRY ADD- TRANSFER VECIORS LOAD ADD. DCTAL LENGTH DECIMAL LENGTH COXMON BREAX
FIRST 22312 FDATA 22301 02070 01080
DEFINE
ATTACH
OPEN
PROUT
HOMHL
RITE
CLOSE
FLAX
==?CB 24372 FIRST 24371 ODOT ooanT
ERROR 24500 "HOME" 24500 oopr2 Qual0
FOATA 24412 TNDHE* 24412 oLy 00391
FIx¥ 25532 FIXTT 25331 opoo7 004007
ETXIT 25540 THONE® 25540 on312 00207 50031
Lot 25546
FIx 26027
FLOAT o033
OAYE 26043
CHADP 28064 (DFOPY 264052 agaze gozoe 59031
L\OFSB}
[DFMP}
1DFAD)
oAOD
cos
HOMML 26376 YHOVE® 26372 0763 D439 ATITT
HORMAY 27362 SQRT 27355 00251 00169 TTASL
Iz 27526 *HOVE® 278626 0aoo2 00002
OFFSYS 27530 THONE® 21630 oaold 00008
ENDSYS 2763t
FINSTS 27532

38



JPL TECHNICAL

MEMORANDUM NO. 33-204

SEHAIN
PGSTRY
PRSTOP
ocp
TYPRYT
SIH
cos
QsIR
Qcos
REDE
RITE
PISA
FLAT
FLAPR
FLAK
CDFAEH
CDFSa1
LOFMPI
{OFDP1
OKan

“00PX

UHUSED CURE LTES FROM

27533
27634
27615
27634
27637
275450
27543
27647
27851
36104
aolor
20332
0526
0554
30563
30626
Ioh4e
0666
30714
10746
31026
3iis
32162
31263
31235
31247
3azn
24D61

34136

36641
36b4s
3684T
356552
36654
43167
43144
BRI EEY

® JUST LDADEDN.

1746l
11457
1ranh
ITa%y
IT4%1
17457
f1045

11453
rrage
ek
11430
11450
11827
17428
11423
1424
a3
LT
17421
11420
1y
IZeIts
ftalh
17414
1413
HaL2
741
rislQ
rrand
Hiank
1740
11404
I7snl
7ia02
740l
Frana
T
1370
IRl
17374
s
1372
L
1tIe0
12367
1Hias
163

Thas
iThed
T1le2
1361

43252

-

EroCH
TE it
s
DELT
TGI T
LELT2

GHa
GHAwS
Rulkx

ViR

AYED
ROUI

A2l

"NONE*®

ocp

ERROR
TYPRYT

INOVE"

RGUSTR

SHINE*

TLOZK

TNONE*

CHNMON
TukMDN
CuHHDN
CLHIUN
Cukaun
CuMMON
Culinby

CLNMUN
CUNHON
CONHUK
CLAPUN
Eutp
Fuls
EuU
EY
Eul
L0
EJn

[}

CUMHYN
CUMHLIN
CLMgny
CQumrnuy

27640

30103

30528

30426

30744
31026
31182

35134

18454

26807

4316k

THAGUGH ATT.

00243

00421

on102

ani20

Qaesn
[0 1
03032

02320

00133
as33s

00106

LEAVING 04526 OLTAL CR

QB CimHUN MAP,

it
it

(15624
Datew =1
DAIA=7
PIRCEE]
ot~ -4
LxyL=
VRUA=G
uxpe—7
DxUL=¢
oxix=1
Ui LG
UKyr=t L
O<ifc=12
DLuw=t 1
OXux=ts
OxXt g=1%
Uippe=1t
DA<= 7
DaDH=1R
Ua =1
AR =20
VA =2 L
BALR=22
DXe-23
DAL= 24
DADR=2%
LADR=26
-7
uxp=Jd
[FLUPCEL]
DxDst=10
LXuw=3 L
LXuit—32
OXNK—13
UKD#=14
[

0.T8AN CANE G2

FuxTRAH Cadh o4

i
]
]
1

39

dARUARY 4, 1085,

RUKHING T1FL

£PUCH

+IHAL THAJECTOLRY FIME
DBSERVATEON IJHE
LIGHT TEME ULORRLCTJUN

ani163

an2?3

Qgdes

cocao

0043
VODAS
Q1562

01232

00091
GZ265

00GTY

02390

IS

1776
I

QECIKAL LOCATIONS.

Lual® LIMIT UF GIND [NTEGRADJON

SELUND LIGH! TIME CukRFOTIUN

GRELNMECH HLUM ANGLL
IVECTION uRd

PRUD. GF PRECESSIOA A%D NUTAJTUN BX.

Al ZERQ FUR GEUCENIRIC TufeGRAITUN
NI JERU TL UPLAIE CUMEANT

BLZD TARGET nANE
TRAKWSPONDES DRIFT

TARGLLT {1%hARS 2xHLLL JFaVENUS]

PINSICAL COMSTAKTS SIE® MULIIPLIER
NOT Zusll FUR FLOATING RESEOUALS
UL ZERU ISDICAIES urTicAL DATA
NUT ZEHU TU PUNCH 3 MATWIX

INITIAL FTRAJ STk? 5HZC

WUl IEMU FLR FHP QuiPyl

U LLL SLA WL RANGE
QUKz LEG SLANT RANGE

UP LEG HEFRACTIuN CURRECTION
DOWN LEG RErR#s 110~ CURRECTIUN

TEIN-EFELH
(i1

dal FHOM SPacE
8.k FRUM SPACL

HUT FERwy UCLULTATIUR=IFPACK UATA

HARUOK WUMBFR STARIER
SuBr. ERRDH 1.4

SU8K. EXRRLUR Ze%

5U8Ks EVRUR Jo 4
EPUCH YYHHOLOBH

EVOLH MHSSEERF

SLANT RAWGE
SLART RAKGE RAT.
ELEVATION AKGLE
ALIMUTH ANWLLE
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7380 DEC COMHOK 1 LOCAL DECLINATEUN ANGLE
TTAST Ha CUMHOK 1 LOCAL HOUR ANGLE
T7356 €1 COMKOK 1 1 WAY DLOPPLER
7255 CL3 CONMOR ) COHERENT 3 MAY DGPPLER
17354 £3 CuMMON 1 3 WAY DUPPLER
17353 CUL CUNHON 1 DIFFERENCED 1 WAY DOPPLER
71252 CU3 CUMHON 1 DSIF RANGING
7L XXX CuMMUN I EXTRA ATA TYPE
- FURTRAN CAHD Q4
77350  ORVEC COHMON ) CORRECTIUNS
77347  ORDDT CUMHDN t
7346 DEL CUMMUN L
77345 DAZ CUMMDN I
17344 DUEC CUMMON 1
77343 LhAk COMMON L
773462 DC1 COHMDN 1
17341 CCCY CUMKON L
77350 DCY COMBON L
17337 0CD1 COWMON L
LLEXL) UCD3 CoMman 1
17335 DXXX CUMHON 1

- FERTRAN CAND 0S

{7334  RVECO COMHON 1 DBSERVED VALUES
17343  RDUTU LUSHON 1

11332 ELU CUSNON )

11331 ALIO COMHDN 1

17330 DECU CUNHON 1

113zt HAU COMMDN 1

11326 C1lu CUMHGN 1

T7325 +  CLC30 COMMON 1

TI324 C3U CUHHLUN 1

17323 COLO COMMGN 1

Tz CU30 COHKON 1

1z XXX( COMMON 1

- FURTRAN CARD 06

it3z20 RVECD CUMHON L RESICUALS [LBSEXVED-CALCULATED)
T HOOTD COMHON 1

11316 ELL CUMHOR 1

77315 ALIU CuHMUR 1

17314 DECO CUMHOK 1

77313 HAD CUMMUH 1

77312 ClD COMMDR )

I73Ll CC3D CUMHDH 1

77310 C3D COMMDN I

77307 COL0 CuMMiN

T7306 GD3v CuMMUN

77305 XXX0 CuMman L

. FOUIRAN CARD uUT

17304  RYECH COMHEOR
17303  RODFW COMMON
17302 ELW COMMUN
17301 AZIW CUMMON
77300 DECW CUMMON

WEICHTS

17277 Haw COBMON
17276 Clw CORMDON
TI1275 CL3W COHMON

1

1

1

1

1

1

1

1
1274 C3% CUHMGN 1
77272 COIW COHMON 1
77272 CUIY CUMHOR 1
77271 XXXH COMHON L
FURTRAN CAKD 08

77270 1k CUHMON I
77267 14 COMMON 1
77266 1D CURHDH 1
77265 PASS CUNHDN 1
17246 XJUP COHMUN &
5

RECEIYER 1.0,
XMITTER {.D.
CURRENT DATA TYPE
PASS 1OENTIFICATICN
JUPITER VECTOR

“

17240 XERM COMMON & SATURN YECTGR
11232 XMAR COHKOW & HMARS VECTOR
17224 AVEN CUHMON YENUS YECTGK
11216 ASUN CUHMUN & SUN YECTCR

11210 XMCO CUMMDN & HOOh VECTOR
UKTRAN CaRD 09

11202 X CUKMOR PROBE YECTOR
11201 ¥ LDEMON
7200 Z CUMMGN

e YOOT COMMON
TS ZOLT CUMALN

Fi
1
1
1
TTLTT XDUT CaBHLN 1
1
1
7174 U CUNMON 36 YARLATIONAL EQUATICHS
1
1

7130 BLO COMMUR NUTATION [N LONGITUDE
727 D8 CUMMON HUTATION In OBLIQUITY
- FORITRAN CARD EQ
T7E26 XAC CumMHON 1 PROHE ACCELERATIGN
77125 YAC CGHHOR 1
17124 IAC CoMHOM L
TTL23 XJERA CUHHON I PROJE JEHK §THIRD CERIVATIVE)
TTL22  YJERK CUHMDH
TTL21 ZJERK CUMHMON I
17120 UINY CUMMON 36 INVERSE UF VARIATILNAL EQUATIONS
77054 PUBX CUMNON &e12 PARTIALS(DBSERYABLES/CARTESTANY
T6T4% BHAT CUHMON Gell b HATRIX OF PARTIALS
. FURTRAH CanD Lt
TasaZ ELX CUMMOK 1 DIRECTIGN CUSINES
T&b4L €LY CUNHON L
T&64D ELL COMMON L
T&63T Ax CURHUOR L OIRECTIUN CUSINES
To636 AY CUKMON 1 -
76535 Al COMMON 1
Toh34 DX CUMMON 1 OIRECTION CUSIHES
Teb33 LY COMK(N 1
78632 UL COMMON 1
76531 TAX COMMON L DIRECTION COSIMES
76630 TAY CUMHOR |
TH62T TAL CUMMON |
T6625 TDX CuMHDN ) DIRECTION CUSINCS
TLL25 TDY GUHHOH L
16624 TOL CUHKON
- FURTRAK CARD 12
15623 TAU COHKROH L DOPPLER AYERAGING TIME
159622 ILIST CUHKON & POSITION AND VELCOCITY FLAGS
To6L&  LLIST CUMHON It PHYSICAL CONSTANTS PARFIALS FLAGS
Te60L HLIiSF CuMMUN- | VELUCITY OF LIGHT FLAG
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T&600 HLISHE COMMON  3si4 STATION LOCATION FLAGS
Te523 KESE CuMMIM L NU. ESTIHAFED PARAWELERS®
76522 KCUM CuMMan i, COMSIOEALY PARAHEILRS
T6521 EP CUMMON 184
je521 Eou EP EaTa-Ual.
resz0 v EP~l
T6aSL) ey EP-i BANDI-16172LS 0=l lol?=5)
fe512 E2ii] Ep-T Kl FREWUENCY
16511 e EP-4 K5 FREGUENCY
16510 Eutt EF=t BAND DESIGRATION (L5 WORDS)
TaeTl EwU EP-/& START TIMEs ATIITUUE CURTROL
16410 EQU EP-25 up
TohsT Euy EP-26 SIDP TIME, ATTIFUDE CUNTRUL
TeaHE EQu EP-2T (114
Toabs EQU EP-£8
T645T EqU Er-34 MCEM COMENE BUFFER [30 WORDS)
16421 [+ EP-46 NOT 2ERU TL READ CAKDS FRUK a2
Th420 EuU EP=5#5 0 FOX FREDECTS
76417 EQu EP-f6 POWERED FLEILHT PARAMETERS [L0 WOKDS)
16375 ELU EP-a4 STEP HAP FLAG=U PALJUCT
T63 74 Eqy E#-15 STARY TIKE, STEP HAP PRJIHTOUT
16373 EQU E¥-14 114
16312 EQu EF-u7 FLAL TO REPCAT TRAJ FOR STER RiP
T6371 ELU Er-48 SPACE COUMENE BUFFEH (L7 WURDS)
76350 L1 EF-10% HAPPLD FOWNWARD &PULH
16347 Enu EF-10a up
6345 EQuU EP-LOT FLAGL FUR PURCHING MATRICES
Ta34% £y EF-100 NOT ZERD TO HYPASS LAIL
TH34% Ewd EP-109
16235 SIGX3 CuMHUN 12sLh REJECTIGH SICHAS
- FURTRAR CARD 13,
I5751 A CLEMOM COMHGN
75750 8 COMHUN STEHAGE
IsT4T G CuMHUR AVAILABLE
I5T40 U CurHO FOR
I5745 E CuHMON FAP
TST4% F CuMHLR [
TaT43 G CUMHUK FORIRAN
TaT42 H CUHMUN USAGE
15741 D CuMMUN
15740 I CuorMDH
15737 u CURHLH
127 i6 ® CORMDH
5715 5 CuHMLN
. URTRAN CARD 14
5134 RNJ CUHHDN SPHERICAL JHJECTIGN CONOITIURS

132 PHIRI CUMMUN
T30 [HINJ CUMMIN
15726 ¥NJ CUMHDH
124 ELnJ CUMHUN
15722 AZNI LUMKDH
15720 XN CuMMEN
12 XNDP CUHMON

CAKTFSIAN INJECTION CONDLTIQNS

- U FRALS Carlr 15
5104 GRAVE CUMMON

®AEARTH)
703 RE CUMHUN EARIH RADIUS
45102 GHU LGHHOY RADIATION PRESSURE CUNSTAME

18701 GRAVH CUMHON
isTao RYEN CUMFUN
1S6f? REAR COHBUN
5676 RJUP CumHnh

«KAHuONE

MAS, HATIU VENGLS
KASS RATIU FARS
HASS RAILD JUPLIER

e e e e e b et MO O R N AN AN T e

75675 4 LDHFON CUFFFICTENT SECLND IMARMLKIC
15674 L CuMKUn LUEFFILIENT ThIAD HARMUNIC
5618 L0 CuHRan CUEFFILIENT FUURTH HARMONIL
MeT2 AU LUKHDN ASTHRORGHICAL uhll
755671 ¥FLC COMMON 1 VLLLCIEY DF LIGHT
. FuRIRAY CARD L&
15670 KL COMEON 1% - STATICK RANGLE
15431 PHIL LUMEO4 1% STATIOK LATITUDL {GROCENTRICY
15632 THETA§ COMPON 1B STATION 1ONM,TTUVE
* FURTHAN CAxD L7
194613 GRAVS CuMHON L KISUNY
ra612 GRAVY CULHRIL L KIVERUS)
15811 GRAVA {LMHOR 1 K{HARS)
19610 GHAY] CUMEIDN ] KiJuPiItR)
15507 GHELA LUMMON 1 b AKCULAR ROFATIUw RATE OF EAMTH
5606 X1 CLHMUN ) STATIGH X{T)
P5H405 ¥i CoMPON 1 SEATION YUE)
15604 &I CUMKUN 1 STAVILNR 24T
154603 RaAl LUHHGN 1 SFATICH RIGHT ASCERSTON
- FUTPAR CA4D 1%
15602 Ul CuMMON 1o NORIH SUUTH DISPLACEMENT (GECD-GEQCH
15563 ¥l CuMrdy 15 EAST WEST UDISPLACEFENT
15544 ENI COHMUN 13 LDCAL [NOEX BF KEFcACTILH
15525 TAB CUHHUN 10OCN
15525 ELU TAn DATA FILE tPUT BUFFER (500 wWOKUBSE
TaTNs EQU TAp-4119 GAYA FILE LUTPLI BULFFER {4DL0 WaRDS)
14065 Euy TAS=HUG SCRATLH AREAs LaB {200 wLRDS)
F1555 Y1 CLMMON 449424 PRUBE EPHEFFRIS INIERPULATICN BULFFER
TEL2S RESR COMHON  @s1% SCALL FACTGRS
FLL3S {RES CUHRUNM B=I% PLOT FLALS
10745 NHR CUMHUN 1 PELI STER
. FudlRih CARD L+
10T44 DRUL CUHMHLN 12 YELLCITY OF LIGHT BaKITaLS

70730 DIM} CUMMUN 12w 3ai5 STAFION PARPIALS 8Y UATA 1YPE
&isT4  CPPn1 CUMHON 20 CAP PHI MATKIX OF PFaRTIALS

elss0 CPPHZ CLHHDN 20 vP
6lole CPIHI LLMFEN 20 CAY JHETA PAIRIZ OF PARTIALS
61500  LPEHZ CUKMOC 20
#1554 AJ CUMHON 2070 J wAlRIX
L35 1] XJ2 CUMMUN  20s2Q P
Galla AKX LORHON 400 SCHATCH 20%20 HATRIX
hH2T4 XK2Z CURHUN 400 SCRATCH Z0s/0 FPAIRIXK
4454 RIGHT CUNHON 20 RESENUAL=CPPH] ALCUMULATEQ
04830  KITEZZ CUMHON 20 up
* FUATRAN Cano 29
44405  CPGAM CUMHUN  20=20 CUVARTASCE MATRIX
53564 LPGHZ CUHHLN 20020 ue
L2144 GFLIF CLHRUN  ADG IHPLT COVARLANCE RATRIK (] «/ERSED
62124  GFLPZ COHMUN 407 DP
&304 LAKEN CUMHIMG ZO-20 CUY PX uF UVADJUSTEY PARARETERS
6046% LIdT CLHHDN &0 ¥ MATRIX [4TEGRAND

a1
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60362 DINZ COHHON 66 oP
40260 DIG CHMMON 48
40260 £qu BIG
60231 PLOFIL EQU DIG-23 ICCS PLOT CORTROL {12 WCROS FORWARD)
60Z15 PUNFIL EQU D16~35 {0CS PUNCH CURTROL {12 MORUS FURWARD)
60201 PRIFIL QU DIG=47 I0CS PRINT CONFROL (12 OROS FURWARD)
. FUORTRAN CAHD 21
60200 YEAR COMMON 1 7-wURD TIME BLOCK
60177 HONTH CUMMON 1 INTEGERS I¥ ADDRESS PART
&0176 DAY COMHON 1 FAP USE ONLY
60175 HOUR CUNMON 1
60174 MIN COMRON 1
60173 SEC COMMOH 1
&0172 FRAC COMMON 1
- FORTRAN CARD 22
60171 IFL COMMDN 1 -
soLTR IF2 CORHON 1
80167 IF3 COoRMDR 1 CONTENTS OF KEYS 1D-17
80166 IF5 CONMON 1
60165 IFS COMMON L ZERO TO CLOSE DATA FILE/PRECICT DUTPUT
L0164 1F6 CUMHNOR L DATA FILE READ LB17T=EOF 281 7T=NORKHAL
&0led IFT COMHON L
oQts2 1¥8 CUNHUK 1 NOT 2ERD TU CHECK RESIOVAL REJECTIDN
40161 IF9 COMHOKR L
apLeo [Fl0 COMHON 1 NDT IEROD TO PRINT PH1 YECTURS
- FORTRAN CARD 23
40157 KLIST COMMOW & FLAGS FOR ATTITUDE CONRTADL ESTIMATION
50152 FABC COMHON 9 ATTIVUDE CONTRUL CUEFFICIENES
60142 ELMIN CUMKON 1 MINIMUH ELEVATIDN ANGLE
o014 1 RMAX CUHMHCN HAXIMUN SLANT RANGE
60140 RUN COMMCH 1 DATA FILE GUTPUT COUNTER
€0137T  BEFDOR CUMMON 1
50134 GA CUMHDN 11 PARTIALS DF/DG
&0123 QB COHMDN & PARTLALS DF/DX0
&0115 TOBL COUMMDH 2 PREVIOUS TUB
&0113 XM COHHDN 20 SCRATCH COLUNN VELTUR
60067 XX CUMMDN 400 SCRATCH 20%2D HATRIX
ST2AT XC COMMDN 400 SCRATCH 20w20 MATRIX
- FORTRAN CARD 24
56427 I1GHAZ COMHDN 12¢15 HOT ZEKD TU IGHURE DATA POINT
6143 SDUR COMHON 2 SUM OF SQUARED RESTDUALS
614 BU225S CUNHON 159415 INPUT BUFFER
L5600 BULZ CUMHON 12 DP INPUT BYFFER
- FORTRAN CARD 25
55564 XN COHMON 3 COR#ECTED PROBE COGHDINATES
45561 DXH COMKDH 3

55556 DOAN CUMHON 3
55553  DODAN COMEON 3

55550 IS COMMON L DATA SAHPLE INTERVAL
L5547 S50 COMMON  12#Ge4 S22 WEIGHTING TASLE
55107 TL CUMMUN 124584 T WEIGHTIRG TABLE
SahkT G54 COMMON & G WMEIGHEING TABLE
Sh44l  OHBAD COMMON 12 NOT 2ERD [F DAYA TYPE REJECTED LASE
- FORTRAN CARD 26
564425  QTILD COMMQN 20 A PRIDRI ESTIBATE
4401 QI CUMMON 20 (114
54355 QP COMMON 20 L3TINATED LONDITIONS AND CONSTANTS
54331 QPC# CURMON 20
54305 CZ1 CUMMDH 1 OOPPLER COEFFICIENTS
54304 CIZ CUMNDN 1
S%3I03 CZ3 COHMOH 1
54302 Ci& CUHMUN 1
54301 Ci% COHMDH 1
54300 CZ&6 CUHMOH 1
542717 PI CONMEH 45 INITIAL POINTING TEHES
54222 PI0 CONMUY &4 POINTING COUNT IHTERVALS
54145 PIF CUNMUN &% FINAL PUINTING TIMES
S40710 PTFD CUHEDN &b
54074 Equ PIFU GCCULTATIQN-1MPACT TIHES (30 WDROS)
54032 Euw PIFD-30 START-STUP TIMES (F2 WORDS)
54016 EUw PIFD—42
54012 PINE CUMMDN &5 POINTING SAMPLE THIERVAL
53736  PINTD COMKON &% CURREHNT POINTING TIMC
53661 BALNC CUHMUN 12#15 INPUT WEIGHTS
. FURTRAN CARD 27
53375 COSRAL COMKDY 1 COS{RAL)
53374 STHRA[ COMMON L SINIRALY
53373 CUSPhI CUHMUH L cCOs(PHIN)
S3372 SIHPHI CUHMUN 1 SINIPHIT}
53371 SLNEL CUMMDH L SINIELD
533710 CLl3T CaMmMdn 1 KROT [ERO TO BYPASS LALY
53357 GADT CuHMUN 1 PHYSICAL CONSTANTS INTEGRATION STEP
53366 CAPY CUMMDN 1 © 5UM OF SGUARES
53365  CAPQL CUMMDN )
91154 DLg COMMON L
- FORTRAN CAHO 28
53343 HIUT CUHMOUN L NUHBER OF POINTS [N SIUR
53362 QNU COHMDKE 20 KEW G=-5 (QP+RIGHT)
53336 GNUD COHMDN 20 DP
53312 ITNO CuMHUN L ITEKATION RUHBER
53311 COSEL CUMHUN 1 COS{EL]
53310 SINAZ CUMMUN L SINIALY
533107 CG54Z CUMMON 1 CAOsS(AL)
- - FORTRAN CARD 29
53306 CDAR COMHON 40 SCRATCH 20+20 MATRIX
52456 GIPP CURHU4 400 SCRATCH 2020 MATRIX
E3E-IT.) GHAT COHHON 46 ¥ HATREX OF PARTIALS
al54% LFA CuMHOR L0
51546 Equ [EA ZERO T INTEGRATE Tu ENCOUNTER
51563 ELU [Fa=-1
91542 EQU [FA=2
S1541 EQu THA=3 NGT ZERD FOR DATA SIGHA DUTPUT
51540 £qu LFA-4 RADIUS OF TAAGET
51537 EQU IEA=5 -
51536 EQU IFA=6&
51535 EuU LFa-7 40T ZERD TU IURN DFF SOLAR PRESSUAE
91534 EqQu 1Fa-8 NOT ZERO TU TURH OFF LIGHT TIKE
51533 EUU IFA-9 NOT ZERU TU TUAN OFF REFRACTION
51532  XFREg COHMDN 1 XMITTER FREQUENCY
»L531  TFREw CURMLH L XPUADER FREGQUENCY
51530 REYS CUMMUN L CONTENTS OF KEYS
51527  XPusx CUHMUN & XMIITER ROOT PARTIALS
51521 TXCON COMMON w1y FREYUENCY CuEFFICIENES
51367  TXCKZ CUMRON  6vlS 114
. FORTRAN CARD 20
91235 COMTS CDHKON 11 PAGE HEADING
31222  SIGRA CUuMBQON 12+15 DATA FILE SIGMA
50736 BIAS CURHOR 12e15 DATA FILE HIAS
50452 THAPR COMHON 2 CUARENT MAPPING TIHE
50450 1TERAT CUOMMUN |
20647 YYL CUMHON &=45 TRANSHITIER [0 TASLE
50031 TIMARP COMHON 24 HAPPING TIHES
saopl AREA CUMMON 1 S/C AREA
50000 FMASS CUMMON 1 S/C HASS
77T GAMK COKHON &5 PHYSICAL CONSTANTS INTEGRATION MATRIX
4T675 CAPU CUKHON %00 HAPPING MATRIX 10 ENCDUNTER
END
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V. OUTPUT

Primary output from the ODP is in the form of a BCD tape which may
be listed on the IBM 1401, This listing contains the following items:

List of card input

.

A priori covariance matrix

Inverse of a priori covariance matrix

Trajectory information

J matrix
J matrix correlations

Parameter estimates and statistics

W ~ o ok e DN e

Inverse of J matrix

Covariance matrix

0

10, Covariance matrix correlations
The following items are output on option:
1. Residuals, computed observables, weights, and
frequenci‘es

. Residual statistics

.

Pointing ephemeris

Mapping matrix

Mapped covariance matrix

Position and velocity of probe at mapping times

. Encounter parameters and statistics

o~ oy o WV

. Supplementary printout at data times--vectors and partials
All items, with the exception of the supplementary partials printout, may be
printed on the SC-3070 in SFOF Mode II operation.

Any matrix which is printed by the ODP may also be punched on option.
In this case the card images are written on the same BCD output tape for
punching by the 1401.

The ODP also writes a plotting tape for the SC-4020 plotter, containing
plots of residuals versus time, and angle residuals versus angles.

A binary tape for the Matrix Manipulation Program, containing data
partials and mapping matrices, is generated on option. This capability does

not exist in"Mode II operation.
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Error comments and status-of-program messages are printed on the
administrative printer in Mode II and the on-line printer in Mode IV, Refer to

Subroutine 28, ERROR, for a listing of these comments.

A, DISK AND TAPE FORMATS

The Planetary Ephemeris format is presented in Ref. 4, and the Matrix
Manipulation Program tape format in Ref, 11 (Section IX). The other formats
are covered in Section VI; the Prediction File is presented in Subroutine 30,
FILLs; the Data File in Subroutine 43, KINE; the Probe Ephemeris in Subroutine
45, LOOKUP; and the Combined Ephemeris in Subroutine 86, RITEM,

B. OUTPUT SYMBOLS AND DEFINITIONS

The following symbols appear on the output listings. The correspond-

ing symbols used in this report and the definitions are given:

Output symbol Report symbol Definition

position of probe, geocentric

y equatorial true of date, km
p:A
DX x
velocity of probe, geocentric
DY y equatorial true of date,
km/sec
Dz z
KE GM grayitational constant of Earth,
km2/sec
RE Re equatorial radius of Earth, km
G B solar pressure constant
KM GMm gravitational constant of Moon,
km3/sec?
MV Mv mass of Venus, solar masses
MM Mr mass of Mars, solar masses

a4
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Output symbol

MJ

AU
FA
FB

FC

RI{1)

LA(D

LO(I1)

DR

EL

AZ

DEC

HA

C1

CC3

C3

D1

Report symbol

) o L(t_-.g

)

a0

Fbo

co

d1

45

Definition

mass of Jupiter, soclar masses
second harmonic coefficient
third harmonic coefficient
fourth harmonic coefficient
astronomical unit, km

attitude

control

coefficients

speed of light, km/sec

radius of Earth at station i, km

geocentric latitude of station i,
deg

longitude of station i, deg
slant range, km

slant range rate, km/sec
elevation angle, deg
azimuth angle, deg
declination, deg

hour angle, deg

one-way integrated doppler
frequency, cps

coherent three-way inf:egrated
doppler frequency, cps

three-way integrated doppler
frequency, cps

differenced one-way integrated
doppler frequency, c¢ps
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Output symbol

RU
B

B-RO

B.-TO
B-RT
B.TT

TL

TF

SMAA

SMIA

THETA

DEL T

DEL B

DEL S

DEI: BR
DEL BT
C3

TC

FRQ

Report symbol

pDSIF

'
S L

&
|1
H

C
|
|_]

Bl

!

46

Definition

DSIF ranging

vector from target center of
mass perpendicular to probe
asymptote, km

dot products, target orbital
plane, km

dot products, target
equatorial plane, km

linearized time of flight, hours
(lunar missions) or days

true time of flight, hours
{lunar missions) or days

semi-major axis of dispersion
ellipse at target, km

semi-minor axis, km

inclination of dispersion ellipse
to target orbital plane, deg

standard deviation of linearized
time of flight, sec

standard deviation of B vector,
km

standard deviation of asymptote
unit vector, km

standard deviation of B-R, km

standard deviation of B-T, km

vis viva energy, kmz/secz

doppler count time, sec
transmitter index

if g £ 0, station frequency less
29. 66 x 106 cps

ifg =0, é)robe frequency less
960 x 100 cps



JPL TECHNICAL MEMORANDUM NO. 33-204

VI. SUBROUTINES

Section VI contains the documentation for the 104 Subroutines which were
written primarily for use by the SPODP., Documentation is not included for

JPL general-purpose routines and SFOF routines.
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IDENTIFICATION

AAT

Melba Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

This subroutine forms the matrix product of two vectors,

RESTRICTIONS

Standard Fortran Il arrays.

USE
CALL AAT (X, Y, PRO)
X (1, 6) P
T
Y (6, 1) P

PRO (6, 6) Product matrix

CODING INFORMATION

Length of subroutine is 77 (10) or 115 {8) woxrds.

43



JPL TECHNICAL MEMORANDUM NOQ. 33-204

IDENTIFICATION

ABDD

Charles Coltharp, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

ABDD computes the function.

Zi(a.x_+ by) - cz

S = 5 ;

the form of which has frequent application in ODP station location partial expressions.

RESTRICTIONS

COMMON break; 47675

UsE

CALL ABDD

PZE D d
PZE R %, v, z{l x3)
COMMON input;
O a
B b
C c
Z, Z - component of geocentric station vector, km.

i
COMMON output:
S 5

CODING INFORMATION

Length of subroutine is 24 (10) or 30 (8) words,
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IDENTIFICATION 3

ACE
Melba Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

To compute-the unit vector as needed in calculation of the attitude control effects partials
in BMATRX.

RESTRICTIONS

a. COMMON from ODP
b, Subroutines used:
SORT

USE

CALL ACE (DDX)
Computes R, X/R etc, and stores the result in DDX(I).

CODING INFORMATION

Length of subroutine is 57 (10) or 71 {8) wozrds.
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IDENTIFICATION

ANGPLT

Alfred Schoepke, JPL
IBM 7094 Fap
Janunary 4, 1965

PURPOSE

ANGPLT plots hour angle residuals versus hour angle, and declination residuals versus

declination. A tape containing the plotting information is written for the SC-4020,

RESTRICTICNS
a. COMMON break: 47675

b. Subroutine used:
PKINE
FIXT
BIBCD
CXPLOT

USE

CALL ANGPLT

COMMON input:
IR station identification
RVECD residual array
RVEC data type array

CODING INFORMATION

Length of subroutine is 383 (10) or 577 {8) words.
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IDENTIFICATION

AQUI/ALLI/BAQUI/BALLI
Melba W. Nead, JPL

IBM 7094 Fap

January 4, 1965

PURPOSE

To format, list, and send, via TELTYP, predictions needed by the tracking stations.

RESTRICTIONS

a. COMMON break: 47675
b, Subroutines used:
PROUT
FGDOUT
PKINE
FIXT
TELTYP
ENDOUT
BIBCD
In MODE 2, the predictions are transmitted in real time by TELTYP, In MODE 4, a
magnetic tape {A9) is written by TELTYP. This tape is then processed to punch paper

tape acceptable to the teleprinters.

USE
CALL AQUI to list predictions
CALL BAQUI to prepare for transmission
CALYL ALII to list drive tape for Goldstone

CALL BALILIL to prepare drive tape for transmission

CODING INFORMATION

Liength of subroutine is 460 {10) or 714 (8) words.

REFERENCE
Heller, J., IOM to F. Curl, Nominal Predict Format, June 10, 1963.
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IDENTIFICATION A

BEER

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

BEER stores zeroes in certain ODP common locations prior to the data fit, It also
executes the reset entry of REJEC.

RESTRICTIONS

a, COMMON break: 46711
b. Subroutine called:
REJEC

USE

CALL BEER

COMMON output: zerces in DINT, DINZ, QA, 0B, TOBL, TOBL-1, TGINT, TGINT-I,
XMU, RIGHT, RITE2, XX, XC, XJ, XI2, XK, XKZ2, IF2, IF4, BIGNO in IF1l and IF5.

CODING INFORMATION

Length of subrou‘tines is 57 (10) er 71 (8) words.
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IDENTIFICATION

BIBCD

Melba W, Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

To convert the binary equivalent of 2 digit decimal numbers to BCD for print-out.

RESTRICTION

Range of numbers: 1< n <99

USE

With argument in the accumulator
CALL BIBCD

The BCD equivalent is in the accumulator on return.

CODING INFORMATION

Length of subroutine is 45 (10} or 55 (8) words.
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IDENTIFICATION 8-lof 4

BMATRX

Melba Nead, JPL
Fortran JI, Version 3
January 4, 1965

PURPOSE

BMATRX is written to compute the analytic partials of the physical constants when these

parameters are being estimated or considered 1n the ODP.

RESTRICTIONS

a. COMMON break: 47675

b. When computing partials of the attitude control effects, partials of MJ, H, and D are

winhibited, thus a maximum of 11 of the possible 14 can be computed at one time.

c. Subroutines used:
ACE
GIGZ
RCAL,
RCOM
RSIG
SQORT

METHOCD

Formulas for the partial derivatives of acceleration with respect to physical constants,

dt/dq, are derived from the equations of motion. These are integrated to obtain dr/dq.

The equations for these partials follow:

ax_ _ *B
aGM_ < T3
e r
)
aGM_ - 3
e r
dz “EEp
3GM_ - 3
e I

a% _'GMm‘ZX 11 ~3(5'Im"r)(x'xm) 3x xoy,2
aR_ - TR P |3 3 ‘I 3 15 - l3
= M - m €18 - =1L h
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where

ox - ClAp(X - xs)
oY B M I£ - l3
jo) =5
c, =1.031 x 108
Ap = surface area of probe, rn2
MP = mass of probe, kg
gk *m lx - xrn)
aGM__ " 77T | |
m T r_ -z
m m
9% _ ’_Xv (x - xv)
o T CGM gt ’ |3
v r r - r
| v =
st o [, )
v = "GM -5t | E
T r -
| r =r =
. X, {x - x,)
X J
o, - "M -3t l |3
J T r. = 1
J ~l
i 2
R I Ojf i
T 2 3
" ZlgM_ RrZ
el - o) ]2 s
T A
r r
3
2 e e
r T 3 3
T T
3
oH T 3\r/J)% 3 3
T r
4
< 2 4/GM_ R
X [ z z e e
i 7r r
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Xy, z

X2V, 2

X3V, Z

X=>v,2

X2 V,2

X —->Y

X—=>Y

X -3y
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= -zil5 - 70 -—) + 63(—)
gD * ¥ 71‘3 —:;
: - x n)e )

. -I s+ T X - X

ax =__]_.__ e | x 1 . 1 - k, k x5 7v,2z

a, &, k| "k L |§ -3 15 ’

k=1 Ie - X e l-z-'-k -z
where

k=1 =5un
k =2 = Venus
k =3 = Mars
k = 4 = Jupiter

The partial derivatives of acceleration with respect to the attitude control effects are

given by
L 9% 8% | " A B c ]
aFAO BFBO aFCO x x x
. -8
v =10 | a B c
aFAO . m b Yy b
a2 g%
e A B C
! ar AO aFCO J | = z z |

where the unit vectors along the three body fixed axes are defined by

ALTHE-H 4B, a4 A
B .o -8 ¥ ¥ =

E:M:B,B,B
IExﬁl vy =

E:—?‘I:C,C,C
X'y =z

and

o
1
"
b

w

= Unit vector directed from

the probe toward Canopus

i

I
N“L‘I!

y

,H = Unit vector directed from

the probe toward the Sun

57



JPL TECHNICAL MEMORANDUM NO. 33-204

UskE 8-4 0f 4

CALL BMATRX
The subroutine checks lists in the COMMON area to determine what is reqmred.

CODING INFORMATION

Liength of subroutine is 794(10) or 1432(8) words.

REFERENCES

a. Anderson, John D., RFP 312-37, August 29, 1961,
b, Null, Geolrge W., RFP 312-179, Addendum 3, December 11, 1963,
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IDENTIFICATION

CALL

Michael R, Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPFOSE

CALL serves as the logical control routine for the data fitting link, LAS6,

9-1o0f 2

All steps from

reading the ODG data file through computation of partials and residuals to writing the

residual file are initiated by this routine,

RESTRICTIONS

a. COMMON break: 46711

b. Subroutines called;
BEER
KINE
COEF
STARP
{DFSB)
REAP
CHADP
DOPLR
COROP
CORR
DICOS
OBTOX
CATS
OFFS5YS
WAIT
QUIZ
REJEC
PM360
FORM
GERTA/GREOF
FiLL
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USE

CALL CALL

COMMON input:
IGNAZ data type delete flags (12 X 15)
PTFD-30 data start and stop times
L1IST physical constants solve flags {11)
EPOCH ODP epoch, d.p. sec past 1950.0
THETAI station longitude, deg
SIGX3 rejection sigmas (12 X 15)
DXDR-27 occultation-impact data flag

COMMON output:
HAO observed hour angle from observed optical right ascension

RVECD residual array

TOBL previous observation time

CODING INFORMATION

Length of subroutine is 339 (10) or 528 (8) words.

G0
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IDENTIFICATION

CATS

Michael R, Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

10-1 of 5

CATS computes the partials of the ODP data types with respect to the station locations.

Such a partial may be non-zero only if the tracking datum is from the same station as

the specified station location.

RESTRICTIONS

a, COMMON break: 47675

b. Subroutines calied:

VEC

ABDD

COs

METHOQOD

Xi = Ri. cos(ac + J\.l)cos &,
Yi = Ri sin(cLG + ,\i)cos ¢, (station coordinates)
Zi = Ri sin ¢>i
ORi Ri =i =
api
E = Z.1 {[Lx cos(u.G + 7\.1) + Ly' sxn(o,G + )\i)] - LzRi cos qsi}
— = Y.I. - X1,
a’\i X 1y

61
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where 10-2 of 5
2+ x
L = 4]
)\i = station longitude
¢i = station geocentric latifude
Ri = station Earth radius
Y ]
— . 1
a;}i {range
— = -Z.{L' + ) + L' si . 'R, . rate
3% i [ M cos(aG 1) v 31n(uG + ;\1)] + Lz. R1 cos d’l} > e atials)
3p;
—_— = _ T T
Ohi = YiLx + XiLy /
where
L! = & (ck - 2wY, + 2.L_ +wy)
X pi i ivx TV
L' = L (-7 + 20X, + AL - wx)
Yy oe i iy
L! = (-2+ p.L)
z o, iT=
671 -1 ~
R, - K5, B D
i i1
975 1 - ~ - (elevation
30. = . {Zi[Dx cos(uG + )\i) + DY sm(o,G + ‘\i)] - DzRi cos cbi} anglfe
B 1 partials)
Moo=
— = = (Y.D - X.D
ax; Py iTx i y)
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3oy pe \ 10-3 of 5
i, =L o
3R, = R, By &)
i ii
da; 1 ~ ~ - > (azimuth
33 = -;J—.{Zi[Ax cos(u.G + Ai) + .A)‘r 51n{a.G + Ai)] - AzRi cos dzi} angle_a
i i partialis)
da. 3 -
— = — (Y, A - X
6,\1 Di( 1 X i y)
Y, as;
és—i (D) — é‘é‘l (D} (declination partials)

aﬂ'i . Bai
;—FS; (&) — g;‘ (A) (hour angle partials)

where
Dx = - sin ai cos(u,G + '\i)
D‘}' = - sin 51 sin(aG + Ai)
Dz = cos 15i
Ax = - sin(u.G+ Ai)

A = cos(uG + )\i.)

v
A =20
z
Dx = sin V5 [51n ; sin{c.G + ‘\i) + cos o; sin o, cos(uG + }\i)]
+ cos ¢oi cos{uG + )\i)cos L]
DY = - siny; [sin o cos{ag + A;) - cos o, sine, sinfa, + hi)]

+ cos & sm(o.G + )\i)cos 75
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ﬁz = - COs g, COs &, sin v, + sin ®; cos T, 10-4 of 5
Kx = - cos o; sin(uG + Ai) + sin 75 sin qsi cos(a.G + ,\i)

KY = cos o; cos(o.G + ,\i) + sin 9 sin b, sin(c.G + ,\i)

Kz = - sin g, COS ¢ai

The vectors A, D, g and _B__, defined above, are computed by subroutine DICOS.

E = 2= (TS-; {one-way doppler partials)
af_ . Q, ds
c3i, 4 i . .
S: 9 = r -a—s—l {two-way doppler receiver partials)
6f3i 96 apl
—aﬁi'j- == ‘E {three-way doppler receiver partials)
afdl' . 92 as
aSI'J — a—l (differenced one-way doppler receiver i partials)
i c i
o . 2, 9~
‘;:S: 9 = < 35 {two-way doppler transmitter partials)
ofs; Q, as
—a-s’q—q = B_ch; (three-way doppler transmitier partials
11,5 _ 2 9°
-—as—-d = — 33 (differenced one-way doppler receiver j partials)
j i
where
92 = one-way multiplier
2 =

4 two-way multiplier

L]
1}

three-way multiplier
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USE 10-5 of 5
CALL CATS
COMMON 1inputs:

RI Ri’ km
PHII ¢, deg
THETAI )“i’ deg
GHA G deg
ELX L

AX A

DX D

TAX A

TDX D

RVEC < Py km
OMEGA w, deg/sec
X I, km
XboOT i, km/sec
CZ2 Slz

CZ4 524-

CZb6 96

COMMON output:

DIM3  partials %—- (12 X3 X 15)
i
CODING INFORMATION
Length of subroutine is 421 (10) or 645 (8} words.

REFERENCES

a. Warner, M. R., Nead, M. W., Hudson, R. H., TM33-168, March 18, 1964,
b. Aaderson, John D., RFP 312-37, August 29, 1961.
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IDENTIFICATION I1-1 of 5

COEF
Michael R. Warner, JPL

Fortran II, Version 3

January 4, 1965

PURPOSE
COEF calculates the coefficients used by the ODP ih doppler calculations. The sub-

routine is cognizant of band differences. All intermediate calculations are in double

precision.

RESTRICTIONS
COMMON break: 47675

Subroutines used:

{DFAD}
(DFMP}
(DFSB)
QUIZ
METHOD
fT = fT base + AfT {transponder frequency)
fq = fq base + qu (transmitter frequency)

8, = w, [f5 + Dl y - o]

93 = @y Aw3 for predicts 93 = 0 for data fitting

Q5 = @, + bw, - Q for predicts @z = 0 for data fitting

G6-
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where for L to S band,
fT base

fq base

Aw, =
Aw, =
Aw_ =
for L band,
i.T base

J‘:q base

2290.0 x 106 cps

6
20,00 x 10" cps
fq base + Akl
0,3125

6
9,375 X 10~ cps
32.579185520

6
9.375 X 10 cps
32.579185520

6
9.375 x 10~ c¢ps
30k

30k

30k

960,0 X 106 cps

6
29,66 X 10”7 cps
0. 96875

930, 15 % ].06 cps
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for S band,

Aw

IrT base

fq base

32. 359550561
100060, cps
31.348314605

930. 15 X 106 cps

2290.0 x 106 cps
20,00 x 106 cps
fq base + Aks
1.0

1000000.

104. 25339367
1000000,

104, 25339367

1000000,

68
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also 11-4 of 5

D = transponder (beacon) drift

o
|

= observation time

ob
ty = ODP epoch
UsSE

CALL COEF

COMMON input:
EP-6 band indication
EP-7 Akl, Cps
EP-8 Aks, cps
TXCON 6 X 15 array of Wy Wos w ey O coefficients for each station, d.p.
TFREQ AfT, cps
XFREQ qu, cps
DXDR-4 D, cps/sec
TCB observation time, d.p. sec past 1950,0
EPOCH ODP epoch, d.p. sec past 1950.0
Cl0 observed one-way doppler (flag)
CDIO observed differenced one-way doppler (flag)
CcC30 observed two-way doppler (flag)
C30 observed three-way doppler (flag)
CD30 observed DSIF ranging (flag)

COMMON output:
CZ1 Ql
cz2 Q,
CzZ3 L
CZzZ4 2,
CZ5 95
Cz6 96
RNT Q, d.p.
PHINJT 96, d. p.

G9
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CODING INFORMATION 11.5 of 5

Length of subroutine is 503 (10) or 767 {8) words.

REFERENCES

a., Warner, M. R,, Nead, M. W., Hudson, R, H,, TM 33-168, March 18, 1964.
b. Wollenhaupt, Wilber R., RFP 312-268, April 16, 1964,
¢. Wollenhaupt, Wilber R., RFP 312-319, September 3, 1964,
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IDENTIFICATION 12-1 of 3

COL

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

COL calculates the GZ terms in the weighting function

6 t .
o =N &% 6% max(-PE |
] pik pi T

RESTRICTIONS
a. COMMON break: 47675

b. Subroutines used:
Ccos
SQRT

METHOD

The computation of the g value depends on the value of the weight code group (p) and
the data type {j). The following table indicates the g term for each of the p, ]

combinations;

71



eL

Group index 1 2 3 4 5
Data
type j
index
Py ! 1 ! Py P ArPy
Py 2 1 Pi il A1"’1 1
v 3 1 1 1 Ar‘rl
1
i 4 cos v, ! !
Gi 5 i 1 1 ALS;
a 6 1 1 1 A a
i cos §; ri
1 2
i 7 & 2 B r
Q Q (P, * 2} Q
3 i e T q 1 e . .
fesg 8 c 3 c 2 V3T Te (lé‘rpil * a, pql)
¢ i 6 : 2
{34 ? < - 2 T(]Ar’oil * |Ar'°q|) <
Q Q Q
2 2 1 2 . . 2
fans 10 L 03 = Haga| + |a s =
pDSIF 11 1 1 p P ap

£ 30 2-21

POZ-EE 'ON WRANVHOWAW TVIINHDAL T1dr
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where

= slant range

range rate

< .. w
it

= elevation angle

= declination

= refraction correction to slant range
refraction correction to range rate

= refraction correction to declination

g o . ™
n

= refraction correction to hour angle
Q?, = one-way doppler multiplier
2, = two-way doppler multiplier
06 = three-way doppler multiplier
r = doppler averaging time
¢ = velocity of light

USE

CALL COL

COMMON input:
RVEC p, km
RDOT p, lkamfsec
EL ¥, deg
DEC 5, deg
DRVEC A p, kxn
DRDOT 85, km/sec
DRDEC Aré, deg
DRHA, a0, deg

CZ2 92
CZ4 QY
CzZ6 %
TAU T, sec

VELC c, km/sec
COMMON output:
GSQ g2 (1 x 6)

CODING INFORMATION

Length of subroutine is 262 (10} or 406 (8) words

73

12-3 of 3



JPL TECHNICAL MEMORANDUM NO. 33.204

IDENTIFICATION 13

COMAP

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE
COMAP checks the mapping requests which are made of the ODP. When step-mapping the
product of the U matrices for mapping is computed, thus the U matrix which is used in the
calculation of the closest approach parameters is:

U = Upgp *Up *oo . Ugy *Ugy

where UTN are the matrices computed for each step-map time and UIMP is evaluated at
time of closest apprecach. Results of the mapping matrix calculations are stored on disk

to be printed in a subsequent link.

RESTRICTIONS

a. ERROR condition: disk error indicated by DCr
b. COMMON break: 47055
c. Subroutines used:

TAMP

PROM

REAM

COMIMP

FLAK

F1OT

DCP

OFFSYS

TYPRYT

USE

This link is called under control of the JPTRAJ Source Deck.

CODING INFORMATION

Length of subroutine is 186(10) or 272(8) words.
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IDENTIFICATION 14-1 of 2

COMIMP

Melba W. Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPCSE

To project the statistical information contained in the covariance matrix I'(to) to any later
time.

RESTRICTIONS

a. COMMON break: 47055
b. Subroutines used:
MAMUIL,
PRAMS
(DFAD)
(DFSB)
(DFMP)

METHOD
The procedure employs a mapping matrix

aQt

30
b

Uto,t =

which is an extended matrix of variational partials representing all estimated parameters
QtO . If the parameter set Qto consists only of the six initial conditions, then this matrix

ts identical to the familiar U matrix. A similar mapping matrix is employed for including

the effect of the considered parameter set 51:0:

The mapping operation is then accomplished by

_ T SO IS JEU ) [ ~V
T, = UI‘tOU - VIxv T 7°U" - UT" " WwIRV™ + VIV
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If no parameters are being considered, this reduces to 14-2 of 2
r, = ur, u'
t tO

The covariance matrix of estimated parameters is defined as

r=J3terikr?!
where
s ooy —L
b= (74T 1
and
K = uI"‘Q“vT
where
FQ = a priori covariance matrix of the m considered
parameters
N
v = E q}.lw-lﬂ'f (ﬂi is the analogous vector of partials of considered parameters)
i=1
USE

CALL COMIMP
The matrix thus generated is used in the calculation of the target centered covariance

matrix (TACCOM]) and the closest approach parameters.

CODING INFORMATION

Liength of subroutine is 750(10) or 1356(8) words.

REFERENCE

Anderson, John D., RFP 312-37, August 29, 1961.
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IDENTIFICATION 15

COMOUT

Michael R. Warner, JPL
IMB 7094 Fap

January 4, 1965

PURPOSE

COMOUT writes the midcourse and trajectory information on the COMENT region of disk.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:
COMENT

USE

CALEL COMOUT
COMMON input:

EP-63 midcourse COMENT buffer (29 words forward)
EP-104 trajectory COMENT buffer {17 words forward)
CODING INFORMATION

Length of subroutine is 14{10) or 16{8) words.
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IDENTIFICATION 16-1 of 2

COROPFP

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

COROP computes the refraction corrections to: optically obtained-hour angle and declination.

RESTRICTIONS

a, COMMON break: 47675

b. Subroutines used:

SQRT
EXP(3)
ARTAN
SIN
METHOD
-1 A .- .
A_Y = tan Y (correction to elevation angle}
where
_ 0.00211
A =
(Y/57.2957795 + 0. 0598)2- 42
B = \/c2 - R%Z + R® sin®y - R_ sinv
e e e
C = Re + 51.2064
p = slant range
R = earth equatorial radius

=]

The program then uses Ay to obtain 4.a and Ara in the same manner as subroutine
CORR (g.v.).
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USE

CALL CORQP

COMMON input:
RVEC p, km
EL v, deg
RE Re' km

COMMON output:
DHA Aa, deg
DDEC Ara, deg

CODING INFORMATION

Length of subroutine is 120{10} or 170{8} words.

REFERENCES

16-2 of 2

a. Warner, M. R., Nead, M. W., Hudson, R. H., TM 33-148, March 18, 1964,

b. Cain, Dan L., TM 312-275, February 14, 19463.
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IDENTIFICATION 17-1 of 3

CORR
Michael R. Warner, JPL

Fortran 1I, Version 3
January 4, 1965

PURPOSE

CORR calculates the refraction corrections and the vertical displacements for angular

tracking data.

RESTRICTIONS

a, COMMON break: 47675

b. Subroutines called:

SIN
SQRT
METHOD
— n .
Al_-y = B7.2957795 3300 1:>1b2 Y < 0.3 radians

-6 cos ¥

¥ = 0.3 radians
sin Y

8,y = 57.2957795n x 10

.2
ALy cos ¢ sin «a

Aa = > & < 87°
cos vy sin o

(sin ¢ cos vy - siny cos ¢ cos O’)Ar‘y

Ar'S = cos & § < 87
Al = Ara =0 6 = 87°
5 —
= 1.0 - (1. - (51.0 - .

b, 0 - (1.216 X 10”bgy__ ) - (51.0 - 300.0 y__ ) Vo,
b, = (7.0 x107%/(0.0589 + v__ }|- 1.26 x 107>

2 rad

1
b = —_—
> 10% - R
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where

T = elevation angle (v

- v
Avc" cos ¢

= o
Av-y u cos

= usineo -w—
Ayo oS ¥
Avé =0

rad = 7Y in radians)

¢ = azimuth angle

a = hour angle

§ = declination

A, = refraction correction
a, = vertical t?.orrection
n = index of refraction (nominally 340.0)
¢ = geocentric latitude of station
r = geocentric probe distance
Ri = Earthradius at station i
u = north-south displacement of vertical

v = east-west displacement of vertical

USE

CALL CORR
COMMON input:

SINEL
IFA-9
EL

ELZ

X, Y, Z
RI(i)
FNi(i)
COSEL
HA
COSPHI
SINAZ

sin ¥

# 0 to bypass a, and a, calculation
Y

sin &

geocentric probe vector

Earth radius at station i

index of refraction at station i

cos Y

a

cos ¢

sin ¢
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COSAZ cosvo 17-3 of 3
UI{i) north-south displacement, station i
VI{i) east-west displacement, station i

COMMON output:

DEL ALY + Av‘y
DHA An + a,a
DAZ Ao
DDEC ALS

CODING INFORMATION
Length of subroutine is 188(10) or 274(8) words.

REFERENCES

a. Warner, M. R., Nead, M. W., Hudson, R. H., TM 33-168, March 18, 1964.

b. Cain, Dan L., IOM to W, Hoover, July 6, 1360.

¢. Cain, Dan L., IOM to W. Hoover, October 4, 1960.
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IDENTIFICATION 18-1 of 6

CXPLOT/XXXFSR/CDC
John R. Schoeni, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

To generate on the computer plotting tapes to be displayed on the SC-4020 microfilm
recorder. Controlled by a set of pseudo-operations, the routine will scale data, generate

and label grid lines, and annotate the plotted information.

RESTRICTIONS

a. ERROR return when incorrect calling sequence is given.
b, Subroutine used:

I0CS
USE

CXPLOT uses IOCS to control I/O buffering and the user before calling CXPLOT must
open a reserve file for the subroutine’suse. In defining the buffer pool to be attached to
the plotting file, it is recommended that at least two buffers of up to 200 words in length
be assigned. The entry into CXPLOT is from a FAP -calling sequence and consists of a
call CXPLOT followed by pseudo-operations which specify the operations to be performed.
The calling sequence is terminated by an erzor exit of the form, PZE A, where A is the
location of the users error routine. Normal return is to the location following the error

return. The following pseudo-operations are recognized.

Selection of tape unit and indication of film advance

FVEN, T, D
FVEO, O, O

S5IX 58X, L, 5Y

Printing horizontal titles
SIX ¥, SIZE, D

SVN SX, L, Sy
SVN F, SIZE, D

} Printing vertical titles
PON Rx o Bx
PON Ryo, s
PONn, e,
PON m, e,
PON Fx,, Fy
PON X »

PONY L

Generation and labelling of grid
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PTW ILx,, EX, Lyo 18-2 of 6
0 Generation of graph

PTW N, A, CHAR

PTHX, t, Y Generation of special grid line or form flash

MZEO, t, N Termination of plot

PZE A, Error return

CONTROL PSEUDC-OPERATIONS

FVEN, T, D
An FVE pseudo-operation must be the first pseudo-operation encountered in the first
calling sequence to CXPLOT in a program because it causes various addresses through-
out the subroutine to be initialized.
N In the FVE pseudo-operation, N indicates that every Nth point will be plotted.

N=0=1
T T =1 will cause a film advance command to be generated.

T = 0 indicates no frame advance.
D is the symbolic location of the File Control Block that has been opened for this file.

FVEO, O, O
A second FVE pseudo-operation is used when the output is to be written on the IBM 7094

using a packed format and high density tape mode. The plot tape generated by the use
of this option requires processing on the 1401 before being plotted on the SC-4020. The

Standard SFOF mode of operation is high density and packed.

MZE O, T, N

The MZE pseudo~operation gives information required to terminate a particular plot or
set of plots.

If Nis zero, the instruction is treated as a skip, and control will pass to the next
pseuvdo-operation.

If Nis non-zero, STOP PRINT and ADVANCE FRAME commands will be generated and

written on the tape previously specified.
T not used.

PZE A

The PZE pseudo-operation indicates the end of the calling sequence. Normal exit is to

the instruction following this pseudo-operation. '"A' is the address of a user supplied

error routine,
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HORIZONTAL TITLES 18-3 of 6

51X 8%, L, 8Y
S1X F, §1ZE, D

The 51X pseudo~-operations give information required for printing horizontal titles. The
first operation in the pair describes where the title is to be located. The second oper-
ation tells the location of the format statement and the letter size. Six pseudo-operations

must always occur in pairs.

L.=1 8X and SY designate the X and Y coordinates locating the center of the title.

L,=0 85X and S5Y designate the X and Y coordinates locating the position at which the
first character of the title is to be centered.

F designates the location of the format statement to be used for the title. The for-

mat statement starting at location F must be of the form

X an integer indicating the number of hollerith characters which follow the H.
y if blank the current frame will be used. This is the normal case.

Y if equal to 1, a film advance command is generated before printing this title.
2z

is always a blank character.

S1ZE designates the letter size and may _have\: the values 0, 1, 2, 3 specifying that
letters of 1, 2, 4, or 8 times normal size are to be used. (Caution: a character

8 times normal size is 64 by 128 units in size.)

v

When printing normal size letters, SIZE is zero, D indicates whether the letters

will be generated by the vector generator or by the plotting matrix.

D
D

0! plotting matrix.

1! vector generator.

VERTICAL TITLES

SVN SX, L, 5Y
SVN F, SIZE, D

The SVN pseudo-operations give information required for printing titles vertically.

They are analogous to the SIX pseudo-operations in format.

GRIDS & LABEILS
PON

The PON pseudo-operations specify the grid lines to be drawn, the exposure to be used
in drawing them, the formats to control their labelling and the scaling to be used in the

plot.
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The first five PON pseudo-operations must be used as a group.

PON
PON
PON
PON
FPON
PON Rx,,, BRx
0 n
R0
Rx
n

Rxo,, Rx
B
RYO” Ry'n
n, €, p
m, e, q

FX,, Fy

is the location of the lower end of the range of x values.

is the location of the upper end of the range of x values.

The limits for the range will be in flecating point form:.

PON Ryo, R Ryn

is analogous to the PON Rxo, s Rx_for the range of y.
n

PONnR, e, p

18-4 of 6

contains an integer n specifying the number of uniform intervals in the x-direction

{(vertical grids) to be bounded by grid lines, and an integer p indicating that the first

grid line and every pth grid line following will be labelled. If e = 1, the labelled

grid lines will be drawn heavy; otherwise they will be light (vertical grids).

PONm, e, g

This is analogous to the third PON but refers to the y~direction (horizontal grids).

PON Fx,, Fy

contains the locations of format statements to be used in labelling the horizontal and

vertical grid lines, respectively. These should be of the form:

FX BCI

where

» {Fc.d),

X indicates that a conversion from a floating point number to fixed point numbez

should be performed, and that the fixed point number should be printed.

¢ designates the '"column width." {c =< 9)

d designates the number of digits to be retained to the right of the decimal point.

d < {c~1)

PON X.,, X
0 1

PON YO’ s ¥
n

The sixth and seventh PON pseudo-~operations specify the area of the character on sur-

face (1023 X 1023) to be used for plotting. These two PON pseudo-operations may be

omitted, and if so the standaxrd case of
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PON 96,,992 18-5 of 6
PON  0,,896

will be assumned by the subroutine.
PON Xp,,Xp
is the range of the horizontzl positions to be used

(0 < X, < X < 1023).

0

PONY,,.,Y
0 n

contains the range of vertical positions to be used for the graph

oY, < Yn < 1023).

o

GENERATION OF GRAPH

PTW Lx,, EX, Ly,

PTW N, A, CHAR

The PTW pseudo-operations specify the character and the exposure to be used in plot-
ting, the memory area containing the sets of (x, y) values to be plotted, and the scaling
factors to be used.

on designates the starting memory location for the sequence of values of x to be
plotted.

Lyo designates the starting location for the corresponding values ofy—.

N designates the number of pairs of values of x and y to be plotted.

Thus, locations Lx, to Lx +N - 1 contain the values-of x corresponding to the values

of y found in locations Lyo to Lyo-i-N - 1.

Note the special case where the data are in x, y pairs. N is the number of ¢ and y
values, and the address of the FVE pseudo-operation is set to 2. The same iype of logic

applies to triplets, etc.

EX designates the exposure to be used in plotting. If EX = 0, the exposure will be
heavy; otherwise, the light mode will be used.

A=0 The scaling factors computed from the previous set of PON pseudo-operations will
be used.

A#0 The four locations following the pair of PTW instructions should contain the loca-

tion of floating point values of a, b, ¢, and d in that order.

For each pair of values, %, y, a corresponding pair of coordinates (X, Y} is computed

by the subroutine as follows:

X = ax+hb

cy +d
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where 18-6 of 6

a, b, c and d are the scaling parameters. They depend upon the range of coordinates

to be used when plotting the range of values specified.
If, in scaling, a point is either 0 > X > 10240r 0 > Y > 1024, the point is discarded.

CHAR  The Hollerith character to be used for the plot is given in the six bit positions
30 to 35 of location CHAR.

JOINING POINTS BY VECTORS

If the character specified is the space the vector generator will be used for the plot, and

successive points will be connected using straight line segments.

PTHX, & Y

The PTH pseudo-operation allows the programmer two options: one to draw grid lines

directly in either the x or y direction, and one to control usage of the form flash.

t =0 A horizontal grid line will be drawn beginning at X, Y and extending to the right

edge of the frame.
t=1 A vertical grid line will be drawn from X, Y tc the upper edge of the frame.

t =4 A form flash command will be generated. Care must be taken not to generate

more than one form flash on the same plot.

CODING INFORMATION

Length of subroutine is 1744(10} or 3320(8)} words.
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IDENTIFICATION 19-1 of 2

DATAPE

Melba W. Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

To generate a simulated data file for checking and for study programs.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:
IXTAB
OFFSYS
(DFAD)
TIMER
LOOKUP
INTR1
GHADP
COEF
DOPLR
CORR
ND2F
FILT

Types of doppler are limited as follows:
If 1X {transmitter) = 0, C3 and CC3 are zero.
I IX # 0, IR (receiver) # IX, Cl and CC3 are zero.
If IX # 0, IR = IX, Cl and C3 are zero.

METHOD

Data identified under the control card DATA TAPE SIGMA will be included on the file.
Weights for each data type must be included under WEIGHTS BY DATA TYPE AND STA-
TION. The equation for the computation of the data value in the file is:

R(I} = Rc(I) + AR(I) + F(I, IR} * A + B(I, IR}

where

R(I)
e (I)'.

‘the array of data where I references the data type

calculated value of the data point
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AR({I} = correction on calculaied value 19.2 of 2
F(I, IR) = noise factor on data by type and station. This provided by setting the data
type under DATA TAPE SIGMA to a floating point number.

A = random number
B{I, IR) = bias. Obtained by value under DATA TAPE BIAS according type.

Data is calculated by the same routines employed in the fitting of data.

USE

CALL DATAPE

CODING INFORMATION

Length of subroutine is 301{10} or 455(8) words.
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IDENTIFICATION 20

DECOD

Michael R. Warner, JPL
IBM 7094 Fap

Jannary 4, 1965

PURPOSE

DECOD determines the group value for the given group number of the weight code word.
This word consists of six 3-bit groups from bit S through bit 17. Each group may have
a value from 0 through 7. DECOD also floats the data sample rate, which occupies the
address portion of the weight code word.

RESTRICTION

COMMON break: 47675

USE
CALI. DECOD

PZE J group number
PZE K group value
COMMON input:
RVECW welight code array (1 X11}
D data type identification
COMMON ouiput:
TS sample rate, sec.

CODING INFORMATION

Length of subroutine is 32 (10) or 40 {8) words.
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IDENTIFICATION 21

DIAG/DIAGO

Melba W. Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

To compute standard deviation of the mapped forward covariance matrix or standard

deviation of input covariance matrix.

RESTRICTIONS

a. COMMON break: 47675
b. Each subroutine computes the square root of the diagonal of a specific matrix.

c. Subroutines used;
SQRT

USE

CALL  DIAG Standard deviation of input covariance matrix

CALI  DIAGO Standard deviation of mapped forward covariance matrix

CODING INFORMATION

Length of each subroutine is 105 (10) or 151 (8) words.
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IDENTIFICATION

DICOS

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPCSE

DICOS computes the direction cosine vectors A, D, 5, and __5_ , which are defined in the

documentation of subroutine CATS.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:
SIN/COS

USE

CALI  DICOS
COMMON input:

DEC &, deg
GHA Oes deg
THETAI ), deg
EL v, deg
AZI o, deg
PHII q)i’ deg
COMMON output:
AX A
DX D
TAX A
TDX D

CODING INFORMATION

Length of subroutine is 123 (10) or 173 (8} words.
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IDENTIFICATION 23-1 of 4

(DISCBU) REDE/RITE/PISA
Charles Coltharp, JPL

IBM 7094 Fap

January 4, 1965

PURPOSE

DISCBU provides elementary buffering for reading and writing scratch information on
disk.

RESTRICTIONS

Subroutines used:
DCP

METHOD

DISCBU uses DCP for reading and writing the disk. All physical records are 200 words

in length. Each logical record is preceded on the disk by a control word,
PZE O,,L

where L is the number of words in the logical rfecord. L may be zero, but L will

never be pgreater than 200.

A control word of

MZE O, ,0
denotes a logical end of file.
USE
To write CALL RITE
PZE FILE,, ERREQOF

IOXY A,, N
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To read CALL REDE 23-2 0f 4
PZE FILE,, ERREOF
IOXY A, N

A is the location into which information is read, or from which it is written.
TCH, transfer in channel, will be recognized by both read and write operations.
The tag portion of all IO commands is ignored.

The address and decrement portions of IOCD commands are ignored.

Closed or unopened files are opened automatically by the first read or write operation

requested.

Read Operation

IoCDh Rewind file; close file. When IOCD is used it must be the only command
in the command list.

IOCP Read N wor;is, ignoring logical record marks, and proceed to next command.
If this command precisely finishes a record, the logical end of record may be
recognized by the next command.

10CT Read N words, ignoring logical record marks, and terminate IO. Unread
words in a partially read record will be lost.

IORP Read to logical record mark (read one whole record, or finis}} a record
already started), and proceed tonextcommand. Put number of words read
into the decrement portion of the IORP command. N is not interpreted.

IORT Same as IORP, but terminate IO.

IOSP Same as IORP if the number of words in the record is less than or equal to N.
Otherwise, transmission is stopped after N words have been read. Unread
words in this record will be lost. Comntrol proceeds to the next command.

I08T Same as TOSP, but terminate I0.

Write Operation

I0CD Write logical EOF, rewind file; close file. When IOCD is used it must be the
only command in the command list.

IOCP Write W words, and proceed fo next command.

IOCT Write N words followed by a logical record mark, and terminate 10

IORP Write N words followed by a logical record mark, and proceed to next

command.
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IORT Same as IOCT. 23-3 0f 4
IOSP Same as IORP.
I0ST Same as IORT.
If at any tirne in writing, a record reaches a length of 200 words before a logical
record mark is indicated by the user, DISCBU will insert a logical record mark
before continuing the transmission.
File Block
FILE BCI 1, XXXXXX
+1 PZE J (decrement = P)
+2 PZE K (decrement 0}
+3 PZE BUFFER (decrement = R}
+4 PZE 200
XXXXXX  an entry in the disk directory, defined as scratch
J  that record in XXXXXX with which this file begins
K  that record in XXXXXX with which this file ends
BUFFER the location of a 400 word block of core storage
The decrements of FILE +1 through FILE +3 (the items in parentheses, above) will

be used by DISCBU for bookkeeping. These items will be zero when the file is not
open, and they should be set zero initially by the user.
P last disk record transmitted
Q  buffer designation
0 next disk transmission will be from {(or into}) BUFFER + 0
1 next disk transmission will be from (or into) BUFFER + 200
R location of next word in BUFFER to be read or written,

FILE +4 is the location given to DCP for the flag word. Initially this must be a
positive, non-zero number.

Erxor - End of File Retura
Control is returned to ERREOQOYF under the conditions described below.

If an error is indicated by DCP, that indication will be in the AC on return. The

error codes are described in the design specifications for DCP.

If the user tries to exceed the self-imposed file bounds (K is the largest usable disk
record in XXXXXX), the AC on return will be MZE 0,0,-1.

No provision is made for continuing if the condition occurs on a read operation.
Before the file may be used again, the user must issue the sequence

CALL REDE

PZE FILE,, ERREOF

I0CD

to close and rewind the file.
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23-4 of 4
If the condition occurs on a write operation, the user may continue, provided all
seven index registers are presexved, by executing
TRA §PISA.
However, K should be increased if the user wishes to read the material back at a
later time.

If a logical EOF is encountered by a read operation, the AC will be plus zero.

CODING INFORMATION

Length of subroutine is 273 {10) oxr 421 (8) words.
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IDENTIFICATION

DNAME

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

DNAME contains a list of the BCD names of the eleven ODP data types.

USE

The BCD names, one per word, are stored backward. The entry point, DNAME, is

assigned to the first logical location {last physical location).

CODING INFORMATION

Length of subroutine is 12 (10) or 14 (8) words.
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IDENTIFICATION 25-10f 5

DOPLR

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

DOPLR obtains the calculated values of the ODP data types.

RESTRICTIONS

COMMON break: 47675
Subroutines called:
ABDD
ARSIN
ARTAN
DMOD
RATES
SQRT
VEC
(DFAD)
{DFMP})

METHOD

DOPLR first obtains the fine light-time correction in a two-iteration procedure:

e= D
— T sl
r,o= rp 4 el
= i 1 e¥!
=t 7 =t ~t
a0 _ oat et
Ip = L+ ¢4

.
I
at o Pt At

C+ 4

¢ = At' - At; the procedure is then repeated.
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where

= tob
= slant range at t'

= coarse correction from subroutine TIMER

- at!

= range rate at t'

= speed of light

25-2 of 5

The eleven ODP data types are then obtained. DOPLR calls subroutine RATES to obtain

slant range and its derivatives and all other leg-dependent quantities:

where

10
it

where

Jo. o

where

i
n

s
"

t

p = r. - R, |
i rtob
geocentric position vector of probe
geocentric position vector of station i
. p - P
p == =
ol
topocentric position vector of probe
topocentric velocity vector of probe
Ca PR L
Y = sIn
B
P+ T
P
Earth radius at station i
geocentric position vector of Sun
-1 sin o
¢ = tan —_—
coS8 ¢

100
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25-3 0of 5

(one-way integrated
doppler frequency)

{coherent three-way
integrated doppler

(three-way integrated
doppler frequency)

where
] LY cosfa, + hi) - L sinfe . + ;)
sin o =
COS Ay
_Lx sin qbi cos(u.G + ?\i) - LY sm(ﬂ-G + )xi)sm ?; + Lz cos ¢,
COSo =
cos 7.
i
e = Greenwich hour angle
Ay o= longitude of station i
%, = geocentric latitude of station i
= + A - tan’! (h angle)
o= 0n 3 our angle
5§ = sin L {declination)
I =9 9y
£c3 = Q3 + 94¢3 o
frequency)
f3 = 525 + 96¢3
where
Ql . Qz, s, 96 are defined in COEF writeup.
b P 2
¢, = .-.-.:I—' - _1.... h, - _1 T_
1 c 21 < 24
c
2
1., . 1 1, ey T
= ={e, - =—h, - = (P, —
q[’3 c(1+ pq) o2 3 c(p1+pq) 24
v = doppler counting interval
q = transmitter index

o
1

receiver index
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£

stations i and j)

p .
== p (r-x )+ (R. -r)
1 p 2 l‘tob t
by _
=P + P p. +—op ( . * )
3 qi i =it g st
B
q R . 1 (RZ _ RZ
- —2p_ - - )4+ ;
Pq -q <_qttr —Si) 2 ity 9ty
a1 = f; - flj {differenced one-way doppler from

25-.4 of 5

where fli and flj are one-way doppler values which must be taken simultaneously at

stations i and j

where

P =% 9 i .. (DSIF ranging)

¢ = ranging system bias

USE

CALL DOPLR
COMMON input:
DELT
X
XDOT
XAC
XJERK
VELC
CZl,---CZb
RVECO
OMEGA
COMMON output:
RVEC
DELTZ

at', d.p. sec past 1950.0

r(l X 3), km

#(F X 3), km/sec

(1 x 3), km/sec?

E(1 X 3), km/sec3

c, km/sec

Qs 7" Y

observed values of ODP data types (1 X 11)

Earth rotation rate, deg/sec

calculated values of ODP data types (1 x 11}
At, d.p- sec past 1950.0
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CODING INFORMATION 25-5 of 5

Length of subroutine is 715 {10} or 1313 (B) wozds.

REFERENCE

Warner, M. R., Nead, M. W., Hudson, R, H., TM 33-168, March 18, 1964,
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IDENTIFICATION 26-1 of 2

ENDIT
Michael R. Warner, JPL

Fortran I, Version 3

January 4, 1965

PURPOSE

ENDIT sets up and solves the normal equations. The covariance matrix

is obtained from the rmatrices accumulated by subroutine FORM. The AQ) vector is

retained for subsequent output.

RESTRICTIONS

COMMON break: 47675
Subroutines used:

(DFSR}/ (DFMP)/(DFAD)

PRIM

SQRT

STPREG

REVRT

NOUT

METHOD

The matrix inversion is accomplished by subroutine STPREG (q.v. ).

USE

CALIL ENDIT

COMMON input:
KLIST  attitude control estimate flags
FABC attitude control coefficients
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ILIST initial conditions estimate flags
XNJ initial conditions

LLIST physical constants estimate flags
GRAVE physical constants

MILIST velocity of light estimate flag
VELC velocity of light

NLIST station locations estimate flags
Ri station locations

GFLIP a priori I’“l

QTLILD nominal values corresponding to QTILD
NEST number of estimated parameters
NCON number of considered parameters
RIGHT accumulated right-hand side

XJ accumulated normal matrix
SOUR sum of squares

NTOT number of data points

XX accumulated consider matrix
XMU accumulated consider vector

COMMON output:

ONU updated parameter list
RIGHT AQ vector
XJ J inverse
CPGAM covariance matrix
XNJ
GRAVE
updated parameters
RI
FABC
CAPQ 0 sum of squares

CODING INFORMATION

Length of subroutine is 828 (10) or 1474 (8) words.
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IDENTIFICATION 27

EPPHEM

Melba W. Nead, JPL
Fortran lI, Version 3
January 4, 1965

PURPOSE

To prepare an ephemeris tape with complete information required from the planetary
ephemeris and the probe ephemeris for each time point of the ODP. This program
checks the requirements of each iteration and interpolates and if necessary integrates

the partials of the physical constants. The information is written on tave A-4.

RESTRICTIONS
a. GCOMMON break: 47055

b. Subroutines used:
GAMAT
LOCKUP
RITEM
TOCIM
INTR1
PONT
STARP
WREOF
KINE
QUIZ
TIMER
(DFSB)

METHOD

EPPHEM is primarily a logical decision box, which accomplishes its task through

the use of subroutines. A flow chart is given to supply further clarification,

USE

CALL, EPPHEM

CODING INFORMATION

Length of subroutine is 361 (10) or 551 {8) words.
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IDENTIFICATION 28-1 of 2

ERROR

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

ERROR prints ODP error condition messages. There are three versions of this
subroutine in the ODP; the version in link LLA9 prints recoverable error condition
messages, the version in link LAl2 prints unrecoverable error messages, and
the version in the other links stores the calling sequence for subsequent action by
LAlZ.

RESTRICTIONS

COMMON break: 47675
Subroutines used: (LA9)
TYPRYT
ONLIN
Subroutines used: (LAl2)
TYPRYT
PROUT
ENDSYS
RECOV

USE

CALL ERROR

PZE I

PZE J Decrement integers

PZE K

1 Error message Version
INCORRECT RECORD NUMBER IN DISK CALLING SEQUENCE LAlZ2

2 WEIGHT (J = ID}) FOR STATION (K = IR} = 0 LAl2

3 DISK STORAGE NOT ALLOCATED FOR THIS JOB LAY
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~ O~ Wk

9
10
11
12
13
14
15
16
17
18
19
20
21

ESTIMATE OR CONSIDER LIST EXCEEDS 20 FPARAMETERS
NO INPUT RECEIVED WITHIN TIME LIMIT

PROGRAM UNABLE TO READ/WRITE PROBE EPHEMERIS
FIRST PROBE EPHEMERIS TIME GREATER THAN
LOOKUP ARGUMENT

LAST PROBE EPHEMERIS TIME LESS THAN LOOKUP
ARGUMENT

INJECTION CONDITION = Q

INPUT J MATRIX NOT N*N

INADMISSIBLE SYMBOL OR DATA FIELD

INPUT CONSIDER MATRIX NOT M*M

POINTING TIME LESS THAN EPOCH + R/C

MAPPING TIME LESS THAN EPOCH

DISK TRANSMISSION ERROR

DISK BUFFER ALLOCATION INSUFFICIENT
PLANETARY EPHEMERIS ERROR

DATA POINT OUT OF TIME SORT

ERROR IN CXPLOT CALLING SEQUENCE

ERROR IN DP SQRT SUBRQUTINE

LOOKUP TIME FAILS TC MATCH TIME ON EPHEMERIS
TAPE

28-2 of 2
LAY
LAS
LAlZ

LAlZ

LALlZ2
LAS
LA9
LAY
LAS
LAY
1LA9
LAlZ, LAY
LAlZ
LAl12
LAl2
LA2
LAl2, LA9

LAl2

The second line of messages 1, 2, 3, 6, 7, 8, 15, 16, 17, 18, 19, 20, 21, is

RECOVERY IMPOSSIBLE. JOB ABCRTED.

The second line of messages 4, 5, 9, 11, 13, 14, is

The second line of messages 10, 12, is

CONDITION IGNORED., JOB WILL CONTINUE,

CODING INFORMATION

Length of the L.A9 version is 286 {10) or 436 (8) words.
Length of the LAl2 version is 326 (10) or 506 (8) words.
Length of the dummy version is 9 {10) or 11 {8) words.
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IDENTIFICATION

FDATA

Michael R, Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

FDATA stores the nominal values of the S and T weighting tables in COMMON arrays
SSQ and T'L, respectively. The S values are squared prior to their storage in 35Q.

RESTRICTIONS

COMMON break: 47675

UsSE

CALL FDATA

CODING INFORMATION

Liength of subroutine is 591 (10} or 1117 (8) words.

REFERENCE

Hamilton, Thomas W., Inter-Office Memorandum to M. Warner, June 1962,

109.
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IDENTIFICATION 30-1o0f 2

FILL/FILT
Michael R. Warner, JFPL

IBEM 7094 Fap
Januazry 4, 1965

PURPOSE

FILL writes the ODP residual {file on disk in the same physical format as the ODG-
generated data file. It is also used to write the tracking predictions on disk for
subsequent output. FILT writes a simulated ODG data file on disk. Both entries
use the RITE entry of the buffered disk routine DISCBU.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:
RITE
Pisa

USE

CALL FILL
PZE

CALL FILT

PZE
COMMORN input:
TOB time of observation, d.p. sec past 1950.0
RVEGC array of computed data types (I x 11)
RVECD array of residuals {1 x 11}
RVECW array of weights (I x 11)
IF5 # 0 normal entry, = 0 end-of-file entry
EP-6 band designation
XFREQD transmitter frequency
TFREQ transponder frequency
IR receiver ID, B17
1X transmitier ID, Bl17
TAY doppler averaging time, sec
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COMMON output:

TAB-799

400 word output buffer for DISCBU

The disk logical record format is as follows:

Word

0
1
2
3

S

2N + 4
2N+ 5

word count (2N + 5, Bl7) or - 0 for EQOF
TOB

TOB-1

XFREQIfIX#0

TFREQiIfIX = 0

0

bit S 1if I, - S band
0if Lor S band
1if RVEC # 0
1if RVEC - 1 #0

3 1if RVEC -2 £ 0

11 1if RVEC - 10 #0

12-15 not used

16 1if L, - S or S band
0 if L band

17 not used

18-21 IX

22-25 IR

26-35 TAU

first member of RVEQC which is non-zero
bits S~17 RVECD corresponding to word 6

18-35 RVECW corresponding to word 6
second member of RVEC which is non-zero
second RVECD - RVECW word

Nth member of RVEC which is non-zero

Nth RVECD - RVECW word

CODING INFORMATION

Length of subroutine is 191 {10} or 277 (8) words.

30-2 of 2
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IDENTIFICATION

FIRST

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

Main program for link 1 of SFOF-JPTRAJ version of the JPL Orbit Determination
Program. FIRST clears COMMON and formats the rejection table on the disk.

RESTRICTIONS

a. ERROR condition: disk error indicated by DCP
b. COMMON break: 46711
¢. Subroutines used:

FDATA

NOMNL

FLAK

DISCBU

USE

Initiates ODP by clearing COMMON and calling subroutines to store the permanent

or semi-permanent information. This link is called only once per ''run" of the ODFP.

CODING INFORMATION

Length of subroutine is 427 {10) or 653 (8} woxrds.
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IDENTIFICATION

FIT

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURFPOSE

Main program for link 6. The purpose of the routine is to control calculation of the

abservables and the linkage.

RESTRICTIONS

a. ERROR condition: disk error indicated by DCP
b. COMMON break: 46711
c. Subroutines used:

CALL

OCIM

FLAK

DISCBU

TAPIO

UsE

When fitting data, this link is called by the JPTRAJ monitor,

CODING INFORMATION

Length of subroutine is 476 (10} or 734 (8) words.
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IDENTIFICATION

FLAT/FLAPR/FLAK
Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

Subroutine to check the I/0 activity flags.

RESTRICTIONS

a. ERROR exit to indicate disk I/O error

b. Subroutines used:

ERROR
TYPRYT
USE
CALL FLAT To check TAPIO flag
CALL FLAPR To check PROUT flag
CALI: FLAK To identify disk error return

CODING INFORMATION

Length of subroutine is 64 {10) or 100 (8) words,

REFERENCE

EPD - 125, Rev. I, Aprill, 1964
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IDENTIFICATION 34-1 of 2

FORM

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

FORM sets up the column matrix of partials dF/JQ and accumulates the normal matrix J.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:
PARLEY
{DFEMP}/(DFAD)/(DFSB)
SQRT

METHOD

The partials dF/3Q are obtained by the chain rule when Q is an initial condition or

physical constant:

40 9r 0Q

If Q is the velocity of light or a station parameter, d¥/dQ are computed analytically
and input to FORM.

USE

A=1.0 to execute entire routine
CALL, FORM
A=-1.0 to bypass chain rule section {occultation or impact time partials})

CALL FORM

COMMON input:

RVECW weight for data type ID

1D data type identification
POBX partials 3F/or (6 X 12)
GMAT partials dz/dq {6 xX 11}

U partials 8x/dr, (6X6)
ILIST initial conditions flags (6)
LLIST physical constants flags (11)
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MLIST
NLIST
QA

QB
DRDC
DIM3
NEST
NCON
RVECD
1Fi0
DXDR-13

COMMON output:

CPPHI
CPTHT
XT
RIGHT
XX
NTOT
SOUR

velocity of light flag (1)

station locations flags (3 X 15)

partials 8F/dq from occultation-impact
partials aF/drO from occultation-impact
partials dF/dc

partials dF/d s,

number of estimated parameters
number of considered parameters
residual, data type 1D

phi vector output flag

MMP output flag

ordered partials dF/dQ

ordered partials BFIGa {considered}
J matrix

right-hand side of normal equations
J matrix for considered parameters
number of data points

sum of squares

CODING INFORMATION

Length of subroutine is 566 (10) or 1066 {8) words.
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IDENTIFIGATION

G1G2

Melba W, Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

G1G2 computes the gravity equations g, and gse

RESTRICTION

COMMON break: 47675

METHOD

USE

CALYL Gl1G2 (Gl, G2) Results are stored in Gl and G2.

CODING INFORMATION

Length of subroutine is 182 (10) or 266 (8) words,

REFERENCE

Anderson, John D,, TM 312-131, August 23, 1961,

17
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IDENTIFICATION 36-1 of 4

GAMAT
Melba W, Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

To obtain the partials dr/dq from the following integral using Simpson's rule:

(tH)B(t¥) dt*

.y |
Tt = U f U
£

RESTRICTIONS

a. COMMON break: 47675
b, Subroutines used:

BMATRX

INSPC

INTR1

LOOKUP

(DFAD})

(DFDP)

{DF MP}

(DFSB)

METHOD

The partials of acceleration with respect to physical constants g¥/dq are evaluated in

BMATRX, These partials are then numerically integrated to obtain dr/dq.
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Using the acceleration partizls as evaluated in BMATRX, if

-~

o

119
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and 36-3 of 4

r -
9x 9x
g, aq
3y . ay
89, 3qn
9z 3z
aql aqn

T =

) (
9% 9%
aql aqn
2y oy
99, aq,
daz az
aql aqn

\ w

then the partials dr/dq are obtained from the following integral using Simpson's method:

ty-1
Tl = Ul J‘ (£ B(t%) dt*
ty

The Simpson procedure uses an integration step based on the data times; if no data times
exist in the interval, the time steps employed in the trajectory integration are used., The
inverse of the U matrix is obtained not by the usual numerical methods but by an inspec-

tion method as defined in the subroutine INSPC,

UsSE

CALL GAMAT Result of the integration is placed on the combined ephemeris

tape for use as needed.

120



JPL TECHNICAL MEMORANDUM NO. 33-204

CODING INFORMATION 36-4 0f 4

Length of subroutine is 369 (10) or 561 (8) words.

REFERENCE

Anderson, John D., RFP 312-37, August 29, 1961,
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IDENTIFICATION 37

GERTA/GREOF

Michael R, Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

GERTA writes the partials dF/3Q (the "phi vector") on the MMP output tape, B7-S5YSUTS.

Each set of partials is tagged by time, receiver, transmitter, and data type.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:
WRITEB/ENDFIL
FLAT

USE
CALL: GERTA
CALL GREOF for end-of-file

COMMON input:

CFPHI partials 3E/3Q (1 x 20)
TORB time, d.p. sec past 1950.0
iR receiver 1D

IX transmitter ID

ID data type ID

CODING INFORMATION

Length of subroutine is 141 {10} or 215 (8) words.
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IDENTIFICATION 38-10cf 2

GHADP

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

GHADP calculates the Greenwich hour angle for the time given in COMMON location

TOB. Intermediate calculations are in double precision. OQutput is in COMMON
location GHA.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:

(DFDP)

{DFAD)

(DFMP)_

{DFSB)

DMOD

Ccos

METHOD

G- = 100°.0755426 + 0°,985647346d + 2°.9015

x10713 a% + ws + A cos® (mod 360°)

where oG = Greenwich hour angle

d = integer days past 1950.0
s = sec past oP of d th day

@ = Tarth rotation rate

™
1l

mean obliquity

AX = nutation in longitude

The mean obliquity is given by

23°.445759 - 0°.1309404T - 0°. 88 x 10—6 T2 +0°.5 X 10_6 T3

€

where T = Julian centuries past 1950.0
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USE
CALI, GHADP
COMMON input:

TOB observation time, d.p. sec past 1950.0
OMEGA Earth rotation rate, deg/sec
DLO nutation in longitude, deg

COMMON output:

GHA Greenwich hour angle, deg

CODING INFORMATION

Length of subroutine is 208 (10) or 320 {8) words.

REFERENCE

Holdridge, D. B.,, TR 32-223, March 2, 1962,
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IDENTIFICATION 39

IMPAR

Michael R, Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE
IMPAR computes the partials of impact time with respect to the estimated and
considered parameters.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

FORM
METHOD
0Ty 1, e
aQ " - p \© T 3Q
where
TI = impact time
) = parameter
# = target centered probe position
p = target centered probe velocity
USE

CALL IMPAR
PZE XTAR geocentric target position and velocity

COMMON input:

X geocentric probe position and veloeity [1 X 6}
U partials aﬁ/aro {6 X6)
GMAT partials dp/aq {6 X 11)
LLIST physical constants flags (L1}
COMMON output;
QA partials BTI/aq {1X11)
QB partials aTI/BrO {1 X6}

CODING INFORMATION

Length of subroutine is 127 (10) or 177 (8) words.
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IDENTIFICATION

INSPC
Michael R. Warner, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

INSPC inverts the U matrix of variational partials by inspection.

RESTRICTIONS

COMMON break: 47675

METHOD
If the U matrix is partitioned .
nn b Y
U = e e e e e
Uy 1 Uz
then its inverse may be written as
T ) .. T
U | =
-1 22 ) UlZ
U = l——— —_———
T T
Uy 1 U
USE
CALL INSPC
COMMON input:
U U matrix of variational partials (6 x 6)
COMMON output:
UINV u!

CODING INFORMATION

Length of subroutine is 200 (10) or 310 (8) words.

REFERENCE

Anderson, John D,, TM 312-409, March 24, 1964,
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IDENTIFICATION

INTR1/BNTRZ

Alan D, Rosenberg and Melba W. Nead, JPL
IBM 7094 Fap

Jamuary 4, 1965
PURPOSE

This version of INTRI uses the latest version of the JPL Ephemeris routines, EPHEM,

to obtain the necessary planetary information. INTRI adjusts this output so it matches
output from the original INTRI1 rotated to true of date for the ODP.

RESTRICTIONS

a. Portions of the ODP COMMON storage must be made available to the routine.

ERROR return for planetary ephemeris tape error.

b. Subroutines used:
EPHEM
PNUT
ROT
ERROR
USE

CALL  BNTR2 Enter one time to set up blocks of storage necessary
to EPHEM

CALI, INTRI Time is used from COMMON

CODING INFORMATION

Length of subroutine is 2188 {10} or 4214 (8} words.

REFERENCES
a. Holdridge, D. B., TR 32-223, Space Trajectories Program for the IBM 7090
Computer, March 2, 1962,

Peabody, P. R., Scott, J. F., Orozco, E. G., TR 32-580, User's Description
of JPL Ephemeris Tapes, March 2, 1964,
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IDENTIFICATION 42

IXTAB
Michael R. Warner, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE

IXTAB does a lookup in the table of transmitter ID's and frequencies by means of 2

time arguwment.

RESTRICTION

COMMON break: 47675

USE

CALL IXTAB
PZE N

N is the location of a flag which is zero for the initialization entry and non-zero for
the normal entry. The initialization entry returns the lookup pointer to the first

point in the table.

COMMON input:

TOB lookup time, d.p. sec past 1950.0
EPOCH ODP epoch, d.p. sec past 1950.0
TYl table of times, sec past epoch (1 X 90)

YY1-90 table of transmitter ID's {1 x 90}
YY1-180  table of frequencies (1 x 90)

COMMON output:

IX transmitter 1D
XFREQ transmitter frequency if IX # 0
TFREQ transponder frequency if IX # 0

CODING INFOCRMATION

Length of subroutine is 54 (10) ox 66 (8) words.
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IDENTIFICATION

KINE

Michael R. Warner, JPL

IBM 7094 Fap

January 4, 1965

PURPOSE

43.1 of 2

KINE reads the ODG data file or the ODP residual file from disk, Kach entry loads

COMMON with the contents of the next sequential logical record. KINE uses the

REDE entry of the buffered disk routine DISCBU.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

REDE
ERROR

¢. Error conditions:

Disk parity error

Attempted read outside of file limits

USE

CALL KINE

PZE RVECO PZE RVEC
for ODG

PZE RVECW PZE RVECD
data

PZE = 1001 . PZE =1
reading

PZE = 2000 PZE = 1000

PZE IF6 1B17 = EOF, 2B1l7 = normal

COMMON output:

TOB
RVEC
RVECO
RVECW
RVECD
PASS
XFREQ
TFREQ
iR

X
TAU

observation time, d.p. sec past 1950.0
array of computed data types

array of observed data types

array of weight code-words

array of residual-weight words

pass identification

transmitter frequency, cps
transponder frequency, cps

receiver identification

transmitter identification

doppler averaging time, sec

12e

for ODP
residual

reading
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The ODG logical record format is as follows:

Word 0 word count (2N + 5, B17) or -0 for EQF

1 TOB
z2 TOB -1

3 XFREQIUfIXZO
TFREQ if IX # 0

PASS
5 bitS

11
12-15
16

17

18-21
22-25
26-35

1if L - S band
0 if I or S band
1 if RVECO # 0
1if RVECO-1#0
1if RVECO - 2 # ¢

1

not used

1if L - Sor S band
0 if L band

1 if optical data

X

IR

TAU.

{irst member of RVECQ which is non-zero

bits §-17
18-35

weight codeword corresponding to word 6

data sample rate, sec

second member of RVECOQO which is non-zero

second weight-sample rate word

2N + 4 Nth member of RVECO which is non-zero
2N + 5 Nth weight-samplé rate word

43-2 of 2

The corresponding residual record format is found in the documentation of subroutine

FIL.L.

CODING INFORMATION

Length of subroutine is 142 (10) or 216 {8) words.
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IDENTIFICATION

LOCO

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

This is the control routine for the link which restores the ODFP COMMON from disk
following computation of the trajectory. In addition it controls preparation of the

combined ephemeris on tape A4.

RESTRICTIONS

a. ERROR condition: disk error indicated by DCP
b. COMMON break: 47675

c. Subroutines used:

KOOL
TAPIO
INTRI1
EPPHEM
FLAK
TYPRYT

USE

This is one of the basic links of the ODP in that it restores COMMON and prepares
the ephemeris. It is called under conirol of the TPTRAJ monitor.

CODING INFORMATION

Length of subroutine is 116 {10) or 164 (8) words.
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IDENTIFICATION

LOOKUP/KOCL
Melba W. Nead, JPL

IBM 7094 Fap
January 4, 1965

FURPOSE
To perform look-up on the probe ephemeris generated by SPACE.

RESTRICTIONS
a. COMMON break: 47675

b. Subroutines used:

45-1 of 2

ERROR Called when time incompatible with the ephemeris which has been

generated.

REDE

METHOD

The subroutine computes the coefficients for a 5th degree Lagrangian interpolation and

provides values for the position, velocity, acceleration and jerk (3rd derivative} of the

probe, variational equations, nutation in longitude and nutation in obliquity.

chart is included)

W
¥ = o 1y (x)ilag)
k=0
where
li(x) = .__F(_:_cz_!_._
(x - x)m(x,)
(x - xo) s fx - xi-l)(x - xi—{-l) ceoefx - xn)
Tl -mg) o (g R Mg - xg ) e By X))

122
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45-2 of 2
For each time that LOOKUP is called the following information is stored in COMMON

X

Y

Z

«DOT Probe vector

YDOT

ZDOT

U (36) Variational equations
ax/3x,, 9x/dyy, 3x/dzy 9x/dky . - . Bzléxy - -+ 8z/d3

DLO Nutation in longitude

DOB Nutation in obliguity

XAC

YAC Probe acceleration

ZAC

XJERK

YJERK Probe jerk (3rd derivative)

ZIJERK

USE

CALL LOOKUF (n} n = number of items to be interpolated, & or 49, When 6, the
probe vector only is given.
CALL KOOL to provide a logical reset on the probe ephemeris file and to set
flag for LOOKUP to read 3 physical records needed on first
entry to the subroutine,

CODING INFORMATION

Length of subroutine is 314 {10} or 472 (8) words,

REFERENCE

Hildebrand, ¥, B., Introduction to Numerical Analysis, McGraw-Hill, New York, 1956.
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IDENTIFICATION

MAMUL
Melba W. Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

To multiply two mairices and store in a third array.

RESTRICTION

Maximum array: 20 x 20

USE

CALL MAMUL (A, B,C,MN

, 1)
A(M, L) * B(L

, N) = C (M, N}

CODING INFORMATION

Length of subroutine is 87 {10) or 127 (8} words.
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IDENTIFICATION 47

MAPOQUT

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

MAPOUT reads all matrices which were computed and stored on disk in Link 2. Here
they are printed and in some cases punched. Also, the mapping information is saved for
the MMP (MATRIX MANIPULATOR PROGRAM) input tape.

RESTRICTIONS
a. ERROR condition: disk error indicated by DCP
b, COMMON break: 47055

¢. Subroutines used:
PRIM
FLAK
REFORM
PUMA
PRAM
DCP
10Cs
TYPRYT
OFFSYS
TACCOM

USE

This link is called under control of the JPTRAJ Source Deck.

CODING INFORMATION

Length of subroutine is 866 (10} or 1542 (8] words.
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IDENTIFICATION

MAXIM

Melba Nead, JPL
Fortran I}, Version 3
Fanuazry 4, 1965

PURPCSE

Checks data tape, mapping times, predictions, pointing times, etc. so that the
trajectory can be run a minimum length of time and still satisfy all demands on

the probe ephemeris.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

KINE
MOCT
QUIZ
(DFAD)
(DFSB)

METHOD

Flow chart is included.

USE

CALL MAXIM

CODING INFORMATION

Length of subroutine is 315 (10) or 473 (8) words.
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IDENTIFICATION 49

MOCT
Michael R. Warner, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE

MOCT obtains the latest occultation or impact time for determining the trajectory link

time stop.

RESTRICTION
COMMON break: 47675

USE

CALL MOCT
PZE LAST latest cccultation/impact time, d.p. sec past 1950.0

COMMON input:
PTFD occultation/impact input area

DXDR-27 occultation/impact flag

CODING INFORMATION

Length of subroutine is 71 {10) or 107 (8) words.
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IDENTIFICATION 50

NDzF
Melba W. Nead, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE
This is a SHARE routine which has been modified so that it is possible to start at a pre-

determined portion of the random number generator.

RESTRICTION
COMMON break: 47675

METHOD

RANO, an octal number, can be input into the ODF data.

This number is chosen from a pre-calculated set.

USE

To provide noise on a simulated data tape.

CODING INFORMATION
Length of subroutine is 39 {10} or 47 (8) words.
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IDENTIFICATION

NOMNL

Michael R, Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

51

NOMNL stores the nominal values of all constants, other than the weighting tables and the

target-dependent solar pressure constants.

RESTRICTION

COMMON break: 47675

USE

CALL NOMNL

This subroutine outputs into approximately 150 COMMON locations.

CODING INFORMATION

Length of subroutine is 499 (10) or 1051 {8) words.

REFERENCES

a. Clarke, Victor C., TR 32-604, March 6, 1964.
b. Scott, James F., IOM 317.21/318, September 1, 1964,
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IDENTIFICATION

NORMAY
Melba Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

To normalize 2 matrix on its diagonal terms.

RESTRICTIONS

a. Maximum matrix: 20 X 20

b. Subroutines used:

SQRT

USE

CALL NORMAY (XMAT, YMAT, N)
XMAT = matrix A be normalized
YMAT = location to store normalized matrix

N

order of matrix

CODING INFORMATION

Length of subroutine is 169 (10) or 251 (8) words.
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IDENTIFICATION 53

NOUT
Michael R. Warner, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE
NOUT prints comments indicating the rows and columns of the normal matrix which

were deleted by subroutine STPREG during inversion:

VARIABLE NO. XX REJECTED BY DIAGONAL TEST.

RESTRICTION
Subroutines used:

PROUT

USE

CALL NOUT
PZE INOUT
INOUT is a |} X 20 array in which STPREG has indicated the status of each variable.

COMMON input:
PRIFIL, PROTUT file control block for printing.

CODING INFORMATION
Length of subroutine is 64 (10) or 100 (8) words.
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IDENTIFICATION 54-1 of 3

OBTOX
Michael R. Warner, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE
OBTOX computes the partials of the ODP data types with respect to the probe position

and velocity at the observation time.

RESTRICTION

COMMON break: 47675

METHOD
an,
—= L
ar —
{slant range partials)
6.01 .
9F
aﬁi 1
5% = b ey, - AL
eh;
v - »; (¥ - wx, - piLY)
{range rate partials)
b,
i 1,. ,
3= =7 BT ALy
aﬁi
E T E
%2
ar ~ ».
— i
(elevation angle partials)
o
ar
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[~}
2
w2{ I

54-2 of 3

{asimuth angle partials]

(declination partials)

&ai
o = ¢
is_i ) -Ccos ari sin ‘si
ox Pi
ﬁ ) -sin qri sin 6:1
ay g
a_,si _ cos 5i
az P,
i
06
—X -0
dar
a_a.i ~ sin G’ri
ax pi cos 51'.
.a_uj ) -Cos u'ri
av pi CoS 6i
aa.i
'a_é"' = 0

i43

> (hour angle partials)

{two-way doppler
partials)
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of, . ., fop ap
3i.q _ 76 ( L -—‘1) r I (three-way doppler partials)

(differenced one-~way

(211 symbols used here are defined in the subroutine CATS documentation)

UsE

CALL OBTOX
COMMON input:

ELX L

TAX A

TDX B

RVEC ODP computed data type array
X x

OMEGA w, deg/sec

RAT a deg

cz2 2,

Cz4 Qy

CzZb Q6

VELC c, km/sec
COMMON output:
POBX  9F/dr, 9F/of

CODING INFORMATION

Length of subroutine is 189 {10} or 275 (8) words.

REFERENCES

a. Warner, M. R., Nead, M. W., Hudson, R. H., TM 33-168, March 18, 1964,

b. Anderson, Jochn D., TM 312-409, March 24, 1964.
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IDENTIFICATION

CCIM

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

OCIM reads the ODP combined ephemeris tape, extracting occultation and impact

time parameters necessary for partials calculation.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines called:

IMPAR
OCPAR
READB
FLAT

ERROR

¢. Error conditions:

Ephemeris tape permanent redundancy

USE
CALI, OCIM

COMMON input:

DXDR-6 target {1 = Mars 2 =Moon 3 = Venus)
DXDR-27 1B17 = occultation time 2B17 = impact time
XMOO geocentric Moon vector

XVEN geocentric Venus vector

XMAR geocentric Mars vector

PTEFD occultation-impact times input array

X geocentric probe vector

XAC geocentric probe accelerations

XJERK geocentric probe jerks

RVECD residual

RVECW weight

DINT physical constants partials

T corrected occultation/impact time
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IDENTIFICATION 56-1 of 3

CCPAR

Michael R. Warner, JPL
Fortran IT, Version 3
Jamaary 4, 1965

PURPOSE

QOCPAR computes the partials of occultation time with respect to the estimated and

considered parameters,

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

FORM
METHOD
3Ly, a0 i
) —Qm-BQ—_l_—p'-é*a _n‘af_m- C a2, ,ﬁl,—emlslntme Gapén
£ &y Z Z £ 73 L, -
aT _ L P Q ™ 90 pri orzn - R?n
o P "
A 2] 2] sin opRy,
L2 En 2 + 2 L Py T At 2 + o lo “m
G R
my m ™
where
= T -
—m —imn —1
R__ = radius of target
m
Ly = geocentric target vector
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UsSE
CALL
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE

PZE

¢p = cos } 2 ’m
2] [l

(£
1k

topocentric probe vector

—Ri = geocentric station vector
OCPAR
XTAR LS km
.
AB B=2g -8
AC C=ar%°-( - p°
AK K=F - -g+8-T
AM M = R_C/B% B - R
GDB r -8
BETA  |g] (8= s,)

GAMMA || (L =z - R,)

XMX £m - T
XX1 R.

s |
SI

COMMON input:

u

pariials 6P/a£0 {6 % 6)

GMAT partials 3p/dq (6 X 11)

LiIsT physical constants flags {11)

RI

| By] » omm

NLIST station locations flags (3 x 15)

COSRAT cos o_.

SINRAI  sin. o,

Tl

1

COSPHI sin d>i
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COMMON output:
0A partials 6T0/8q
0B partials BTOI'BEO
DIM3  partials BTO/GSi

56-3 of 3

CODING INFORMATION

Length of subroutine is 333 {10) oxr 515 (8} words.

REFERENCES

a. Warner, M. R., Nead, M. W., Hudson, R. H., TM 33-168, March 18, 1964,
b. Liu, Anthony, RFP 312-136, May 20, 1963,
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IDENTIFICATION 57-1 of 2

ODATA/ONLIN/......
Michael R, Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

ODATA performs the following functions:

a.

h.

In conjunction with the conversion subroutine CARDS, reads ODP control cards
and the symbolic and/or numeric data cards. The cards may be read from the
on-line reader or input tape A2 (mode 4) or the user area reader (mode 2}.
Manipulates the symbolic and numeric data and stores them in the approp;'iate
COMMON locations for subsequent ODP use.

Under sense switch {or console key) control, terminates ODP execution.
Prints the trajectory target on the administrative (or on-line} printer.

Stores the target-dependent solar pressure constants,

On option, reads the previously computed injection conditions, constants, and
covariance matrix from disk.

Applies Gauss' constraint to the planetary masses:

GMS = 3.9640160 X 10_14 az
MV
GM, = n M
5
Ml‘
GM, = §r GM,

where
a, = astronomical unit
s,v,r,j = subscripts denoting the Sun, Venus, Mars, Jupiter,

On option, applies the scaling constraint to the Earth radius:

R = 86.315745 (GM_ + GM )3/
em e m
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where 57-2 of 2

Rem = earth radius for scaling the lunar ephemeris.

RESTRICTIONS
If any of the following error conditions are detected, ODATA calls subroutine ERROR

a.
for the appropriate comment printout and subsequent action:
1. Error in symbolic or numeric input.
2. Checksum or redundancy error.
3. Cards not received within time limit {mode 2).
4. Tllegal card in deck (mode 2)
5. End-of-file indication {mode 4)
6. Data on input card inconsistent with ODP requirements,
7. Error in reading disk.
b. COMMON break: 47675
c. Subroutines called:
TYPRYT
10CS - DEFINE/ATTACH/OPEN/CLOSE
CARDS
OFFSYS
ERROR
FINSYS
READS/MOOQOPHI1/ODOFF
FLOT
SPHX
STPREG
DIAG
DISCBU - REDE
EXP(3

USE

CALL ODATA

ODATA uses most of the ODP COMMON map. Section IVB has the COMMON listing.
The input descriptions are in Section IVA,

ONLIN is used for returning to ODATA after a corrected card input error (TTR

$ONLIN),
+»+s0. Tepresents the entry point for the JPTRAJ program control block of LAG,

CODING INFORMA TION

Length of subroutine is 1723 (10) or 3273 (8) words,
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IDENTIFICATION

ORBEQ
Michael R. Warner, JPL
Fortran I, Version 3

January 4, 1965

PURPGSE

QORBEQ rotates the encounter noise moment matrix from the ODP _1}, E plane to the

midcourse program R, T plane.

RESTRICTIONS
a. COMMON break: 47055

b. Subroutines used

ARTAN
COS
SIN
METHOD
B - R B - R
9= tan™1 = =m/c _ tan~ ! —___=0dp
B Enm"o:: B - Eodp
cos 8 -sin @ 0
R = sin @ cos @ 0
0 0 1
USE
CALIL  ORBEQ
PZE  BRO ODP B - R, km
PZE  BTO ODP B - T, km
PZE  BRM M/GB - T, km
PZE BTM M/CB - T, km
PZE CNO ODP noise moment matrix {6 X 6)
PZE CNM M/C noise moment matrix {3 X 3)-

CODING INFORMATION

Length of subroutine is 119 (10} or 167 {8) words.
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IDENTIFICATION

0z

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

OZ is the control program for the calculation of the closest approach parameters.

RESTRICTIONS

a. COMMON break: 47055

b. Subroutines used:

UMAT
TYPRYT
10Cs
OFFSYS

USE

When impact or closest approach parameters are requested, this link is called

under control of the JPTRAJ Sourcza Deck.

CODING INFORMATION

Length of subroutine is 766 (10} or 1376 {8) words.
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IDENTIFICATION

PARA

M

Michael R. Warner, JPL

IBM 7

094 Fap

January 4, 1965

PURPOSE

PARAM outputs the encounter parameters page of the ODP printout.

buffers for COMENT output.

RESTRICTIONS

a. COMMON break: 47055

b. Subroutines called:

SQRT
FIXT
PROUT
TNORM
ORBEQ
USE
CALI: PARAM
PZE CNO
PZE BRO
PZE BTO
PZE ELPS
PZE A
PZE UNJ
PZE TL
PZE gT

COMMON input:

DXDR-6
DXDR-21
DXDR-20
DXDR-2
GRAVE

GRAVR

GRAVV

60-1 of 2

It also loads the

noise moment matrix of encounter parameters (6 X 6)

B - R, km (ODP plane)
B+ T, km (ODP plane)

miss ellipse configuration (1 X 3 - semi-major axis,

semi-minor axis, orientation angle)
semi-major axis of encounter conic

aM/a Q, matrix of encounter partials
linearized time of flight, days

dM/3Q matrix of encounter partials

target identification

B * R (midcourse plane)
B - T (midcourse plane)
COMENT update flag

3 2
GMEarth’ km” /sec

Mars

GMVenus
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GRAVM GMMoon 60-2 of 2
GRAVS GMSun

TFIN time of impact/closest approach, d.p. seconds past 1950.0

COMTS ODP page heading, BCD

PRIFIL PROUT file contrel block

XNJ ODP initial conditions {I X 6}, d.p.

EPOCH ODP epoch, d.p. sec past 1950.0

XDOT probe velocity at encounter, km/sec (1 x 3}

COMMON output:
COMBU midcourse program COMENT parameters
COMBW trajectory program COMENT parameters

CODING INFORMATION

Length of subroutine is 720 (10) or 1320 {8) words.
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IDENTIFICATION

PARLEY

Melba W. Nead, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE

To write time, partials, position and velocity of probe and planets, etc., on.

tape for each data point while the data is being processed.

RESTRICTIONS

a.
b.

Cc.

USE

COMMON break: 47675

Cannot be used in SFOF MODE 2 (real-time mode).

Subroutines used:

FLAT
TAPIO

CALL PARLEY
The following items are written on a scratch tape to be read and printed in a subsequent
ink:

TOB
GHA

X

Y

Z

XDOT

YDOT

ZDOT

U (36)
DILO

DOB

XAC

YAC

ZAG

XJERK
YIERK
ZJERK
XSUN (6)

Observation time

Greenwich Hour Angle

Probe vector

Variational equations

Nutation in longitude

Nutation in obliquity

Probe Acceleration

Probe jerk (3rd derivative)

Sun vector

155
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XVEN
XMOO
XMAR
CPPHI
CPTHT
DELT
DELT?2
DHA
DDEC
DAZ
DEL
DRDOT
DRVEC

CODING INFORMATION

{6}
(6)
{6)
{20)
(20}

Venus vector

Moon vector XTARG vector only
Mars vector

CAP PHI matrix of partials

CAP THETA matrix of partials

Light time correction

Second light time correction

Refraction corrections

Length of subroutine is 30 (10} or 36 (8) words.

REFERENCE

Null, George, W., RFP 312-179, August 15, 1963.
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IDENTIFICATION

PARSH

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

This link is called only when the COMENT region is to be updated, or when in
MODE 4, the printing of the partials is requested. The program is called under
control of the JPTRAJ monitor.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutine used:

COMOUT

WASH

FGDOUT

DISCBU
USE

Control program for writing COMENT on disk or printing partials.

CODING INFORMATION

Length of subroutine is 662 {10} or 1226 {8) words.
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IDENTIFICATION 63

PERNOD/WOLF
Charles Coltharp/Michael R. Warner, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE
PERNOD accumulates statistics on data residuals. It is called during the processing of

each residual. WOLF is called at the end-of-file for each station's residuals. It obtains

the standard deviation, root-mean-square, mean, and second moment for each data type

and each pass identification.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

FIXT
PROUT/FGDOUT
SQRT

COLA

UsSE
CALL PERNOD after each residual is read
CALL WOLF after each station is completed

COMMON input:

TOB observation time, d.p. seconds past 1950.0
RVECD residual array (1 % 11)

ITNO iteration number

PASS pass identification

IR receives identification

PRIFIL, JOGS printing file control block

CODING INFORMATION

Liength of subroutine is 323 (10) or 503 (8) words.
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IDENTIFICATION

PM360
Michael R. Warner, JPL
Fortran I, Version 3

January 4, 1965

PURPOSE

PM360 adjusts angle residuals by 360 deg if they are greater than 180 deg or less
than -180 deg.

RESTRICTIONS

COMMON break: 47675

USE
CALL PM360

COMMON input:

DECD declination residual
HAD hour angle residual
AZID azimuth residual

COMMON output:

DECD
HAD residuals adjusted by 360 deg if necessary
AZID

CODING INFORMATION

Length of subroutine is 40 (10) or 50 (8) words.
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IDENTIFICATION

PNUT

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

PNUT calculates the rotation matrix for nutation-precession.

RESTRICTIONS
a. COMMON break: 47675

b. Subroutines used:

SIN
cos
METHOD
1 -AN cos € -A) sin €
N = | A\ cos € 1 ~Ae
AX sin € Ac 1
aj; = 1 - 0.29697 x 107372 _ 0.13 x 10°° T3
0.022 6 =5 g2 -5 3
a;p = ~0- 34988T ~ 0.676 x 10 - T° + 0.221 X 107~ T
-5 .2 -6 3
a = -0-00971711T + 0.207 x 1077 T% 4 0.96 x 10°° T
221 T "2q2
a,, = 1 - 0.24976 x 1073 72 . 0.15 x 107° T3
a5 = -0.10859 x 1073 72 - 0.3 x 1077 T3
az] = "213
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32 ~ 23

1-0.4721 x 100472 4 0.2 x 1077 73

o
n

33

where

AN = nutation in longitude

Ae = nutation in obliguity

mean obliquity (see writeup for GHADP)
T = Julian centuries past 1950.0

o
H

USE

CALL, PNUT
COMMON input:

T time, d.p. sec past 1950.0

DOB  nutation in obliquity, deg

DLO nutation in longitude, deg
COMMON output:

ROTMX  nutation-precession matrix (NA)

CODING INFORMATION

Length of subroutine is 222 (10) or 336 (9) words.

REFERENCE

Holdridge, D. B., TR 32-223, March 2, 1962,
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IDENTIFICATION

POINT
Melba W. Nead, JPL
Fortran II, Version 3

January 4, 1965

PURFOSE

To generate the pointing predictions for the tracking stations.

RESTRICTIONS
a, COMMON break: 47675

b. Subroutines used:

COEF
FILL
OF¥FSY¥S
CORR
GHADP
REAP
DOPLR
IXTAB
(DFAD)

USE
CALL POINT

CODING INFORMATION

Length of subroutine is 196 (10) or 304 (8) words.

REFERENCE
Trask, D.W., RFP 312-37, Addendum 6, April 4, 1962.
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IDENTIFICATION

PONT

Melba W. Nead, JPL
Fortran 1T, Version 3
January 4, 1965

PURPOSE

To compute the times at which the combined ephemeris shall be written for a simulated
data tape or predictions.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

GAMAT
INTRI1
LOOKUP
OFFSYS
RITEM
TIMER
(DFAD)

Flow chart included

USE

CALL PONT

CODING INFORMATION

Length of subroutine is 201 (10) or 311 (8) words,
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IDENTIFICATION

PRAMS

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

To save the U matrix when it is calculated by COMIMP. Core space forces the

calculation and the print-out of these matrices to be done in separate links.

RESTRICTIONS

a. ERROR condition: disk error indicated by DCP

b. Subroutines used:

FLAK
DCP

USE

CALL PRAMS

CODING INFORMATION

Length of subroutine is 18 (10) or 22 (8) words.

164



JPL TECHNICAL MEMORANDUM NO. 33-204

IDENTIFICATION

PREDA

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

This is the main program of the link which computes predictions for the DSIF stations

or prepares a simulated data tape.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

POINT
DATAPE
TYPRYT
TAPIO

USE

This link is called under control of the JPTRAJ Source Deck when predictions or a

data tape are requested,

CODING INFORMATION

Length of subroutine is 39 (10) or 47 {8} words.
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IDENTIFICATICON 70-1o0f 2

PRIM/PRAM

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

To print any matrix up to 20 x 20 from a possible list of 63. Included is the capability
of punching the array in a format acceptable as input back into the ODP. When step-

mapping, probe position and velocity and the mapping matrix are automatically punched.

RE3STRICTIONS

a. COMMON break: 47675

b. Subroutines used:

BIBCD
FLAPR
PRIME
NORMAY
PRIT
DIAGC
FGDOUT
PRCUT

USE

CALL PRIM
PZE s N

where N is as follows:

1. Input J matrix of estimated parameters

2. Input covariance matrix of considered parameters

3. J inverse

4. Covariance matrix of estimated parameters

5. Correlation matrix of estimated parameters

6. Covariance matrix at impact

7. Covariance matrix mapped forward

8. J matrix

9. Input covariance matrix of estimated parameters
10. Correlations based on J matrix

11. U product matrix in step-mapping
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CALL PRAM T0-2 of 2
T5X CAPU

Prints U matrix for mapping forward

To punch a matrix PUNCH=n under CTHER PARAMETER VALUES in the

data input. This will punch the matrix only one time.

CODING INFORMATION

Length of subroutine is 787 (10) or 1423 (8} words.

REFERENCE

Trask, D.W., REF 312-37, Addendumn 6, April 4, 1962,
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IDENTIFICATION 71

PRIME/REFORM
Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

To write impact times, probe and target vectors and the mapping matrices on the
MATRIX MANIPULATOR PROGRAM input tape.

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:

TAPIO
FLAT

USE

CALL REFORM To read mapping times from preliminary storage tape. TFIN is
added to those originally saved and all are written on the final

MMP tape.

GCALL PRIME To write the mapping matrices on the MMP tape.

CODING INFORMATION

Length of subroutine is 98 {10} or 142 {8) words.

REFERENCE

Peterson, G. E., ED 218, May 15, 1964,
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IDENTIFICATION

PRINQ/PRIT/APRIOR
Melba W, Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

To print DQ's, new Q's, old Q's, standard deviation of covariance matrix of estimated

parameters, etc.

RESTRICTIONS

a, COMMON break: 47675

b. Subroutines used:

FGDOUT
DIAG
CLOCK
PROUT
FLAPR
FIXT
BIBCD

USE

CALL  PRINQ Prints DQ's etc. of estimated parameter.

CALL PRIT Entered with double precision time in seconds in ACC and MQ.
These are converted to year, month, day, hour, winute, second
and stored in COMMON.

APRIOR Buffer in which the standard deviation of the aprior covariance
matrix is stored through the "WANT" capability of the JPTRAJ

2

monitor.

CODING INFORMATION

Length of subroutine is 259 {10) or 403 (8) words.

REFERENCE

Trask, D.W,, RFP 312-37, Addendum 6, April 4, 1962.
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IDENTIFICATION

PRINT

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

PRINT controls the printing of the DQ's and the matrices which have been computed in
the preceding link. Also, when cccultation ¢alculations are requested it reads this in-

formation from disk and prepares it for printing.

RESTRICTIONS

a. ERROR condition: disk error indicated by DCP
b. COMMON break: 47675

c. Subroutines used:

PRINQ
PRIM
FIXT
PROUT
FGDOUT
FLAK
DISCBU
I0CS
ENDIT
OFF5YS

USE

Upon completion of the calculation of the data fitting link, the print link is called under

control of the JPTRAJ MONITOR.

CODING INFORMATION

Length of subroutine is 1352 {10) or 2510 (8} words.
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IDENTIFICATION

PROM

Melba W. Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

To multiply two square matrices and store in a third array.

RESTRICTION

Maximum array: 20 %X 20

USE

CALL PROM (A, B, G, N)
A(N, N) *B(N, N) = C (N, N)

GODING INFORMATION

Length of subroutine is 110 {10) or 156 {8) words.
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IDENTIFICATION

QUEST
Melba W. Nead, JPL

Fortran IT, Version 3

January 4, 1965

PURPOSE

Checks to ascertain that the times specifiedare greater than EPOCH plus light time

correction. Exits with an error return if time is not compatible.

RESTRICTIONS

a, COMMON break: 47675
b. Subroutines used:
ERROR
SQRT
EXIT

Use

CALL QUEST

CODING INFORMATION

Length of subroutine is 117 (10) or 165 {8) words.
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IDENTIFICATION

QUIZ

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

QUIZ allows a Fortran program to interrogate the COMMON location KEYS, which
contains the '"key settings"' specifiéd by the input deck.

RESTRICTION

COMMON break: 47675

USE

In Fortran,

B A = (octal representation of desired key setting)
IF (QUIZF {A}) Sy 8, 8
where
Sl is the normal return indicating that the key is set
52 is the normal return indicating that the key is not set

COMMON input:
KEYS key setting word

CODING INFORMA TION

Length of subroutine is 2 (10) or 2 {8} words.
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IDENTIFICATION T7-1 of 4

RATES
Michael R. Warner, JPL
Fortran I, Version 3

January 4, 1965

PURPOSE

RATES obtains the topocentric slant range and its first three derivatives. Both the
up-leg and down-leg are calculated using the light-time correction supplied by

subroutine DOPLR. Four other range-dependent quantities are also obtained.

RESTRICTIONS
a. COMMON break: 47675

b. Subroutines called:

Ccos
SIN
SQRT
ARSIN
EXP(3
METHOD
o.ri = A t+oog - 2whAt {station right ascension}
X. = R. cos ¢, cos a_,
i i i Ti
Y. = R. cos ¢, sina_,
i i i ri

7. = Ri sin ¢i

Xi = —in (station coordinates and
derivatives)
Yi - in
X:L = —in
Y. = wX,
i i
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~wY

wX

|+
4
| 5o

| 2]
AR ]
2 - B4
p B+
a
b
a

A
c_

a

a - 365
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b 0.0018958 D 77-3 of 4
™" 7 (sin v + 0.06483)1-% 340.0
(slant
range)
A p - 0:0018958 1 i 1 n
d T (sin F + 0.06483)°%  (sin G + 0.06483) - %|3%0-C

A, = longitude station i

Greenwich hour angle

w = Earth rotation rate

At = light time correction
¢i = geocentric latitude, station i
R. = Earthradius at station i

r = geocentric probe coordinates

= geocentric sun coordinates

¥ = elevation angle

n. = index of refraction, station i
T = doppler averaging time

F= 74+

fuled
2

G=7.21IY
Z

USE

CALL RATES

PZE RHO p, km

PZE DRHO P, km/sec
PZE  DDRHO 3, km/sec?
PZE DDDRHO 5, km/sec?

PZE A A

PZE B B

PZE C C

PZE D D

PZE DT At, sec

PZE I station index {IX for up-leg, IR for down-leg)
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COMMON input:
THETAI By - deg

GHA Ty deg
OMEGA w, deg/sec
PHITL q&i, deg
RI Ri’ km
XN x, km
DXN t, km/sec . .
- 2 light time corrected
DDXN #, km/sec
DDDXN ¥, km/sec3
XEUN T Ig
EL ¥, deg
FNI n
TAU T, sec
COMMON output:
RVEC P, km
RDQOT p, km/sec

DRVEC AP km
DRDOT Ap, km/sec

CODING INFORMATION

Length of subroutine is 435 (10) or 663 (8) words.

REFERENCES

T7-4 of 4

a. Warner, M. R., Nead, M. W., Hudson, R, H,, TM 33-168, March 18, 1964.

b. Anderson, John D., TM 312-409, March 24,
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IDENTIFICATION 78

RCAL

Melba W. Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

RCAL is to be used to compute the coefficients as required in BMATRX:

1 1
A= J— — -
(”RV - RIP RV3>

—_— i 2
B:(S(RV.R-R))

Iz - RIP

3
C=zl—7—=x
(HRV RIF’)

1

RESTRICTIONS

a. COMMON break: 47675
b. Subroutine used:
SQRT

USE

CALI. RCAL(RV) RY, location of the body vector, Results are stored in
COMMON locations A, B, and C.

CODING INFORMATION

Length of subroutine is 159 (10) or 237 (8) words.
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IDENTIFICATION

RCOM

Melba W. Nead, JFPL
Fortran I, Version 3
January 4, 1965

PURPOSE

RCOM computes the coefficients as defined in BMATRX:
A= Tl“'_.—3
Hrv - =l

(=)

e
t

RESTRICTIONS

a. COMMOWN break: 47675
b. Subroutines used:
SORT

USE

CAJ.I. RCOM(RV) RV, location of the body vector. Results are stored in
COMMON locations A and B,

CODING INFORMATION

Length of subroutine is 91 {10) or 133 {8) words.
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IDENTIFICATION

READS/CDQFF/MOQPHI
Melba W. Nead, JPL
IBM 7094 Fap

Janvary 4, 1965

PURPOSE
READS is the main program of the link of the ODP which reads data. The routine

also includes phasing for all three possible targets, Moon, Mars, and Venus.
The target is checked and the phasing is moved so as to be available to the trajectory

through the WANT capability of the JPTRAJ monitor.

RESTRICTIONS

a, COMMON break: 47675
b. Subroutines used:
ODATA
TAPIO
OFFSYS
ERROR

USE

Upon the completion of each iteration, the logic of the program causes it to cycle

back through READS, all under control of the Source Deck and the JPTRAJ monitor.

CALL ODOFF To end ODP and return to system as called from ODATA.

MOOFPH! Entry to allow JPTRAJ "WANT" feature to save informa-
tion from this area of READS, namely, the phasing for
SPACE,

CODING INFORMATION

Length of subroutine is 704 (10) or 1300 {8) words.
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IDENTIFICATION

REAP/REAM

Melba W, Nead, JPL
IBM 7094 Fap
January 4, 1965

PURFPOSE

To read the combined ephemeris tape as it is written by the subroutine RITEM.

RESTRICTIONS
a. ERROR indication received by encountering EOF on tape
b. Subroutines used:
TAPIO
FLAT
ERROR

METHOD

REAP-REAM read the combined ephemeris tape which has been written by RITEM.

subroutine uses two buffers for efficiency of operation.

UsSE

CALL REAP Compares TOB with that saved on tape
CALL REAM Compares T with that saved on tape

CODING INFORMATION

Length of subroutine is 1375(10) or 2537(8} words.
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IDENTIFICATION

REJEC

Michael R, Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

REJEC keeps a record of those residuals which were rejected by the 3-sigma test,

bit in the rejection table represents a residual. The table is ordered sequentiaily,

RESTRICTION

COMMON break: 46711

USE

CALL REJEC

PZE I
PZE J
PZE K
where
I =0 toinitialize (set pointer at first bit)
= 1 for normal entry
J =0 to determine rejection status of current point
= 1 to update rejection status of current point
K =20 point not rejected
= 1 point rejected inputif 7 = I, outputifJ = 0

COMMON input and output:
CAPU 500 word rejection table, with recording capability for 18,000 residuals

CODING INFORMATION

Length of subroutine is 46 (10} or 56 {8) words.
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IDENTIFICATION

RESID

Melba W, Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

Control program for the link which prints and plots residuals and prints statistics.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:
THARP
TYPRYT
10CS

USE

Upon request for residuals and statistics, this link is called by the JPTRAJ monitor.

CODING INFORMATION

Length of subroutine is 704 (10) or 1300 {8} words,
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IDENTIFICATION 84

RESFP/COLA

Melba W. Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE
This subroutine is designed to provide both listings and plots of information from
the receiving stations. The plots are the residuals, observed minus calculated
valies, for one, two, or three types versus time. Date, station number, time
at start of frame, and pass number are included on each frame. In addition to the
above, the listings contzin count time, sample time, computed values for the-data,
and weights. Rejected data.peints are starred. It is possible to list the residual

in fixed {(nominal) or floating point (FLRES = 1. 0).

RESTRICTIONS
a. COMMON break: 47675

b. Subroutines used:
FGDOUT
CXFPLOT
PKINE
PERNOD
STATID
FIXT
PROUT
FLAPR
BIBCD
ERROR
CDC
A maximum of 8 data residuals can be plotted or listed on one iteration.

UsSE
CALL RESP With each call to RESP a maximum of 3 residuals is plotted or listed.

The routine must be called again for more; the maximum number is 8.

CODING INFORMATION

Length of subroutine is 883 (10) or 1563 {8) words.

REFERENCE
Trask, D.W., RFP 312-37, Addendum 6, April 4, 1962.
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IDENTIFICATION

RITEM/WREOF
Melba W." Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

To write the combined ephemeris tape.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:
FLAT
TAPIO

METHOD

85-1 of 2

RITEM uses TAPIO to write the combined ephemeris tape. The subroutine uses two buf-

fers alternately to provide efficient timing.

156 words each.

USE

CALL RITEM Writes logical record on tape Ad.

informeation:

T (2)
TOB (2)
XJUP (6)
XERM (6)
XMAR (6)
XVEN (6)
XSUN (6)
XMOO (6}

185

Each buffer contains four logical records of

Each record contains the following

Time of data point
Observation time

Jupiter vector

Mars vector
Venus vector
Sun vector

Moon vector

Probe vector

Variational equations
Nutation in longitude

Nutation in obliquity
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XAC

YAC

ZAC
XJIERK
YJERK
ZJERK
GMAT (66)

85-2 of 2

Probe acceleration

Probe jerk (3rd derivative)

Gamma matrix

CALL WREOF To write end of file and rewind tape A4 when ephemeris is complete.

CODING INFORMATION

Length of subroutine is 1350(10} or 2506(8) words.
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IDENTIFICATION 86

ROT
Michael R. Warner, JPL
Fortran I, Version 3

January 4, 1965

PURPOSE
ROT rotates the planetary ephemerides from the mean equator and equinox of 1950,0 to
the true eguator of equinox of date.

RESTRICTION

COMMON break: 47675

METHOD
=
= NA v
of date Zf 1950, 0
where

NA - nutation-precession matrix obtained by subroutine PNUT

USE

CALL ROT
COMMON inpui:
ROTMX NA

XS5UN geocentric position and velocity of Sun, 1950.0
XVEN geocentric position and velocity of Venus
XMAR geocentric position and velocity of Mars

XJup geocentric position and velocity of Jupiter
XMO0 geocentric position and velocity of Moon

COMMON output:
XSUN, XVEN, XMAR, XJiUPp, XMOO rotated to true-of-date

CODING INFORMATION

Length of subroutine is 182 (10} or 266 (8} words.,
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IDENTIFICATION 87

RSIG
Melba W. Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

The partial of AU is expressed as a sum of terms evaluated for SUN, VENUS, MARS,
and JUPITER. RSIG evaluates and sums these terms as they are needed in BMATRX.

4
1 1 3(1‘2 -r- rk)(x - xk)
E GM, |x, [————s - =] - =
k |7k ’r |3 r3 5
fe=1 i I k 2
where

k =1 = Sun

k = 2 = Venus

k = 3 = Mars

k = 4 = Jupiter

RESTRICTION

COMMON break: 47675

USE

CALL RSIG(GRA, XPL, SIGX) where GRA is gravity of the body, XPL position of
body., and SIGX is the sum. The routine is called

for the four bodies and SIGX is accumulated.

CODING INFORMATION

Length of subroutine is 51 (10) or 63 {8} words.
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IDENTIFICATION 838

SAVCOM

Melba W, Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

Control for the program to save COMMON, This routine also prints the input matrices

when the ODP is initiated and checks the times supplied so the trajectory can be run only

for the required period,

RESTRICTIONS

a. ERROR condition; disk error indicated by DCP
b, COMMON break: 47675
¢. Subroutines used:

PRIM

TYPRYT

QUEST

MAXIM

ERROR

FLAK

DISCBU

OFFSYS

USE

To save COMMON during the trajectory link, this routine is under control of the JPTRAJ
monitor,

CODING INFORMATION

Length of subroutine is 1118 (10} or 2136 (8) words.
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IDENTIFICA TION

SCALE

Melba W. Nead, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

When the target is Mars or Venus, the target vector is divided by AU as reqguired in

calculation of the target centered covariance matrix.

USE
CALIL SCALE {(XPOCS, P) XPOS is the target vector, the quotient is stored in P.

CODING INFORMATION

Length of subroutine is 34 (10) or 42 (8) words.
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IDENTIFICA TION 30

SORT

Melba W, Nead, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

Time sorted predictions are prepared in Link 4, This is the main program in which

these predicts are station sorted and prepared for transmission to the tracking stations,

RESTRICTIONS

a. COMMON break: 47675
b, Subroutines used:
THARP
FLAK
TYPRYT
10CSs

UsSE

Link 5 is called under control of the TPTRAT Source Deck.

CODING INFORMATION

Length of subroutine is 1069 (10) or 2055 (8} words.
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IDENTIFICATION 91-1 of 2

SPHX

Michael R. Warner, JPL
Fortran II, Version 3
January 4, 1965

PURPOSE

SPHY converts Earth-fixed spherical coordinates to geocentric equatorial cartesian

coordinates. No provision is made for nutations: thus, the output is in the mean

equator and equinox of date.

RESTRICTIONS

a. COMMON break: 47675
b. Subroutines used:

SIN

COSs

GHADP

METHOD

Xg = T €OS ¢y cos(u,G + ;\0)
Vg = 1‘0 cos ¢>0 sin(o.G 4+ ‘\0)

W

1!

%, = (U - wV)cos A ~ (V+ oU)sinag

+ (V + wU)cos o

'{ro = (I.J' - wV)sin ag

g = T cos d:o cos >‘0
V = ¥,y cos ¢>0 sin )\0
W = I'O sin ¢0
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U = vo(sin Yy €os qbo cos )\0 - cos ’YO sin Yy sin %

- Ccos ‘70 sin ¢0 cos )\0 cos a’o)

vV = vo(sin 7y cos ¢0 sin )\0 + cos Ty €08 Yy sin 70
- €08 Yy sin dao sin )\0 cos 00)

W = vO(sin‘yO sin $,y + €COS ¥, cos ¢ cos cro)

where

Zqs Yo+ Zg: :'co, ')’TO, 20 geocentric equatorial position and velocity
T qbo, Ag: Vg» Yg» 9o = Barth-fixed spherical coordinates

Gn = Greenwich hour angle

w = Earth rotation rate
USE
CALI, SPHX
COMMON input:
RNY To km
PHINT ¢+ deg
THTNJ Ag? deg
VNI vgr km/sec
ELNJ ‘Yo, deg
AZNT Ty deg

EPOCH epoch of state vector, d.p. sec past 1950.0
OMEGA. v, degfsec

COMMON output:
XNT Xg» Yo+ Zgr Xgo Yoo 2g (1 x 6)

CODING INFORMATION
Length of subroutine is 211 {10) or 323 {8) words.
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IDENTIFICATION

STARP

Michael R. Warner, JPL
Fortran I, Version 3
January 4, 1965

PURPOSE

STARP determines whether an observed time point should be deleted or retained on the

basis of input data start and stop times.

RESTRICTION

COMMON break: 47675

USE

CALL STARP
PZE I 1

0 for point outside allowed range

1 for point within allowed range
COMMON input:

TOB observation time, d.p. sec past 1950.0
PTEFD-30 start-stop times

CODING INFORMATION

Length of subroutine is 24 (10) or 30 (8} words.
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IDENTIFICATION 93-1 0f 3
STPREG

Charles L. Lawson/Terry Kinney, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

Double precision solution of the normal equations of 'a linear least squares regression

problem using the stepwise procedure of M. A, Efroymson.

This subroutine is particularly intended for use in least-squares problems in which
the user is aware of a large number of basic functions which.might bear a linear
relationship to the object function but expects that only .some of.these basic functions

make a significant contribution to the determination of the object function.

RESTRICTIONS

a. COMMON brf,*ak: 47675

b. Subroutines used:
(DFAD)/(DFMP)/(DFDP)
DSQRT

METHOD

In an n-parameter problem this subroutine provides successively a l-parameter fit, a
2-parameter fit, ..., a k-parameter fit, where the new parameter introduced at each
step is the one which will make the greatest reduction in the sum of squares of residuals.
This criterion is equivalent to the requirement that the new parameter be selected as

the one which will have the highest statistical significance in the sense that the ratio of
its magnitude to its standard deviation will berlargest or eguivalently its "F" value will
be largest (see Ref, ¢). The termination level k, which will be € n, is determined by the
subroutine on the basis of tolerance parameters SDIN, SDOUT, and CD provided by the

user.

For an exposition of this procedure, see Ref. a of this subroutine. For a complete
single precision regression package which incorporates this procedure in its system
solving subroutine,’ see Ref. b. For a discussion of this procedure including details

of its implementation in this program see Ref. c.

USE

Let the overdetermined system of linear equations which expresses the linear regression
problem be denoted by

Ge =f
195



JPL TECHNICAL MEMORANDUM NO. 33-204

93-2 of 3

where G is an m by n matrix {m > n), ¢ is an n-vector, f is an m-vector. The elements
of G and f are known and the coefficient vector ¢ is to be computed as a weighted least

squares solution.

The normal equations Ac = b are formed from the overdetermined system by pre-multi-
plication by G*W, (*denotes transposition} where W is an m by m non-negative definite

weighting matrix (W may be the identity matrix]).

This computation, as well as the computation of the scalar quantity s = {¥Wf, is to be

done by the user's program. STPREG may then be called as follows:

D DIMENSION A (20, 20), B (20}, S {1)
DIMENSION INQUT (20)
CALL STPREG (A, B, S, N, M, SDIN, SDOUT,
CDh, NIN, INOUT)

The parameters are defined as follows:

AL, I =1, N; J=1, N
On entry: The matrix A, computed by the user as A = G¥WG.
A is normalized by STPREG before inversion.
On return: A_l if NIN = N. If NIN < N then only an NIN by NIN submatrix of A
will have been inverted and the elements of this inverse will be in the locations'
A (I, J) corresponding to those values of I and J for which both INOUT (1) = + 1 and
INOUT (J) =+ 1. The other A (I, J) locations for I < N, J<N will contain zero.
A_l is unnormalized before the return.

B(I), I =1, N
On entry: The vector b, computed by the user as o = G¥W{.
On return: The solution vector c if NIN = N. If NIN <N then only NIN components
of ¢ will have been computed and they will be those in the locations B (I) for which
INOUT (I} = + 1. The other B (I) locations for I £ N will contain zero.

On entry: The scalar s, computed by the user as s = £¥Wf,

On return: The weighted sum of squares of residuals:

{f - Ge)*Wf

1t

(f - Ge)sW({f - Ge)

H

*WE - (Ge)*WE = f*Wf - c%b

N The dimension, n, of the normal system.
M The dimension, m, of the f vector.

SDIN, SbOUT
if DSIN> 0., these two numbers will be used by the "significance™ logic of the

program. A coefficient will be permitted to enter the solution if the ratio of its
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93-3 of 3
magnitude to its standard deviation will exceed SDIN. If this ratio subsequently
drops below SDOUT this coefficient will be removed from the solution. To avoid
looping, SDIN should exceed SDOUT.

Typical values for SDIN and SDOUT might be SDIN = 1.96, SDOUT = 1. 64, which
could be interpreted as meaning that a coefficient will be permitted to enter the
solution if there is a 95% probability that it is different from zero and will later be

removed from the solution if this probability falls below 90%.

If SDIN <0 all significance tests will be skipped. This permits use of the program
with meaningless data in B and S, as may be the case when only matrix inversion

is desired.

CD Tolerance for relative reduction in magnitude of diagonal elements, The ith

coefficient will not be entered into the solution if the ith dizgonal element becomes
smaller than CD times the original ith diagonal element of the matzrix A, For
example if CD = 10, #%(-12) then a potential pivot element will not be used if it has

lost more than its first 12 significant decimal places.

NIN On return: The number of coefficients in the final solution. INOUT (I), I = 1, N

On return: Flags to indicate final status of each coefficient.

+1 Included in solution.
-1 Rejected by diagonal test.

-2 Rejected by significance tests.

CODING INFORMATION

Length of subroutine is 1069 {10) or 2055 (8} words.

REFERENCES

a. Eifroymson, M. A., Multiple Regression Analysis, Mathematical Methods for
Digital Computers, ed. Ralston and Wilf, Wiley, 1960, pp. 191-203.

b. Efroymson, M. A,, Stepwise Multiple Regression with Variable Transformations,
SHARE Distribution No. 1194, October, 1961.

c. Lawson, C.L., Computation of the Most Significant Coefficients in Least-Squares
Estimation, JPL Section Report No. 372-5, August, 1962.
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IDENTIFICATION 94.1 of 2

TACCOM
Melba W. Nead, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

To evaluate the target-centered cartesian Covariance Matrix.

RESTRICTIONS

a, COMMON break:; 47055
b. Subroutines used:

AAT

SCALE

(DFAD)

(DFMP)

{DFSB)

METHOD

In the following, A will represent the ephemeris scaling factor. Thus, A = REM when
target = MOON, and A = AU when target = MARS or VENUS.

2. When A is among the estimated parameters, compute the target centered covariance

matrix as

_ T 2 T T
I'm = I‘X + PP Ty - I‘XAP - PTyp
where
Iy = upper left hand 6 X 6 sub-matrix of the geocentric covariance matrix T

P = 6-vector giving the geocentric position and velocity of the target in units of A

and Afsec, referred to the Earth equatorial system

= diagonal element of I' corresponding to A

5

Iy, = first 6 elements of the columm of I’ corresponding to A
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b. When A is not among the estimated parameters

USE

CALIL, TACCOM (GAME, ITAR)
GAME contains Iy as calculated in TACCOM
ITAR contains the target reference

ITAR = 1 MARS
ITAR = 2 MOON
ITAR = 3 VENUS

CODING INFORMATION

Length of subroutine is 938 (10) or 1652 (8) words.

REFERENCE

Carey, C., RFP 312-252, Maxch 5, 1964.
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IDENTIFICATION 95

TAMP/EPOX
Melba W. Nead, JPL

IBM 7094 Fap
January 4, 1965

PURPOSE
Writes mapping times on scratch tape A7 to be saved for matrix manipulation program

input tape.

RESTRICTIONS
a. COMMON break: 47675

b. Subroutines used:

TAPIO
FLAT

UsSE

CALL: TAMP

EPOX provides space for storage of injection conditions which are

saved through the WANT cards feature of JPTRAJ

CODING INFORMATION
Length of subroutine is 87 (10) or 127 (8} words.
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IDENTIFICATION 96

THARP/PKINE

Michael R. Warner, JFL
IBM 7094 Fap

January 4, 1965

PURPOSE

THARPF serves as the logical control routine for the-predictions and residuals output
links, LA5 and LAS8. It sets up lists of desired stations-and calls the output subroutines
AQUI, PERNOD, RESP, and ANGPLT. PKINE is called:by these output routines in

order to obtain a meaningful logical record from the-disk read routine KINE.

RESTRICTIONS

a, COMMON break: 47675
b. Subroutines used:
OFFSYS
KINE
AQUI/ALLI/BAQUI/BALLI
PERNOD/WOLF
RESP
ANGPLT
BIBCD
TYPRYT

UsSE

CALIL  THARP
CALL PKINE
PZE SUBR 1 if called from ANGPLT
2 if called from AQUI

3 if called from PERNOD

4 if called from RESP

n

COMMON input:

IrFs3 ODP option flags
IRES residual output flags (8 X 15)
RESR  plotting scale factors (8 X 15)
ITNO iteration number

PT pointing times (used as flags)

CODING INFORMATION

Length of subroutine is 379 {(10) or 573 (8) words,
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IDENTIFICATION 97-1 of 2

TIMER
Michael R. Warner, JPL

Fortran II, Version 3

January 4, 1965

PURPOSE

TIMER obtains the primary light time correction which adjusts the observation time for

ephemeris lookup purposes.

RESTRICTIONS

a. COMMON break: 47675

bh. Subroutines used:

{DFSEB)

LOOKUP

SQRT

METHOD
At = 0
t = tob - At
T =—\£2 + v + =z
r - R

At = =

The procedure is then repeated with the new At.

USE

cAaLL TIMER

COMMORN input:
TOB tob’ d. p. sec past 1950,0
RE R, km

€
VELC ¢, km/sec
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COMMON output: 97-2 of 2
T t, d.p. sec past 1950.0
DELT At, d.p. sec

CODING INFORMATION

Length of subroutine is 98 {10) or 142 (8) words.

203



JPL TECHNICAL MEMORANDUM NO. 33-204

IDENTIFICATION 98

TNORM
Melba W. Nead/Michael R, Warner, JPL

Fortran I, Version 3
January 4, 1965

PURPOSE

TNORM normalizes an N x N matrix on its diagonal terms. Nmay be 2, 3, 4, 5, or 6 but

the matrix must be stored in a 6 X 6 array.

RESTRICTION
Subroutine called:

SORT

UskE

CALL TNORM

PZE YTMAT input matrix
PZE XMAT output normalized matrix
PZE N N

CODING INFORMATION

Length of subroutine is 170 {10) or 252 (8) words.
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IDENTIFICATION 99-1 of 3

TOCIM

Michael R, Warner, JPL
IBM 7094, Fap

January 4, 1965

PURPQCSE

TOCIM computes occultation time and impact time, and obtains the residual. It writes
a record on the combined ephemeris tape for each observable, and outputs on disk for

subsequent printing.,

RESTRICTIONS

a. COMMON break: 47675

b. Subroutines used:
QFFSYS
TIMER
LOOKUP/KOOL
INTRY
SQRT
COs/5IN
GAMAT
GHADP
ARCOS/ARSIN
FLAT
RITE
WRITEB

METHOD

TOCIM uses a Newton-Raphson formula for both data types:

For occultation time,
di{¢ - )
(1') (1'-1) P m _
[TO - TO ]__at__ T(I‘—l) = ¢ - ¢p
4]

where
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PP 99-2 of 3
® cos-l —m
P [ 2] 12em]
- . R
oy - ¢)) 2 _p__m[(ag N ;) ) a4] . %3%m
a
dt 1 P L 92 e _ RZ
1 [2ffea] on
P p
az Tg £m
33 = 8fm ﬁm
34 T2° Py + Pm’ 2
For impact time,
(r) _ -0 s s |-
[TI - T I-Ent|E Zm| B

{all quantities are defined in the subroutine OCPAR documentation)

USE

CALL TOCIM
COMMON input:
DXDK-6 target identification

IFA-4 R km

PTFD occultation-impact data buffer
DXDR-27 Sccultation-impact buffer

LLIST physical constants estimate flags
RI station Earth radius, km

PHII station geocentric latitude, deg

THETAI station longitude, deg
EPOCH ODP epoch, d.p. sec past 1950.0
OMEGA Earth rotation rate, deg/sec

206



JPL TECHNICAL MEMORANDUM NO. 33-204

CODING INFORMATION 99-3 of 3

Length of subroutine is 998 {10) or 1746 (8} words.

REFERENCE

Warner, M. R., Nead, M. W., Hudson, R. H., TM 33-168, March 18, 1964.
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IDENTIFICATION 100-1 of 9

UMAT

Kenneth Oslund/Michael R, Warner, JPL
Fortran II, Version 3

January 4, 1965

PURPOSE

UMAT computes the encounter conic, rotating from the geocentric equatorial system to
the target-centered R, T system. All encounter parameters and statistics are obtained

by this routine.

RESTRICTIONS

Subroutines called:
SQRT
LOG
GERPU
ARTAN
PARAM

METHOD

The following inputs are in the UMAT calling sequence:

¥ 1

ztp’ —I“tp target centered probe position and velocity at time of encounter
Zop ict position and velocity of target, centered at that body's primary, at time
of encounter
I‘e covariance matrix at encounter {7 X 7}
U, mapping matrix to encounter (7 X 7)
# GMtarget
te time of flight

First, the rotation matrix is obtained:

‘I"ct =ct
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44

33

23

11

12

21

)

31

a

32 ©

~212%33

211%33

212923

“2131%23

The target-centered probe vector is then rotated:

1]
=S
8
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and the following column vectors are formed:

(5 %-(%)

“e) &
-V X b

(the seventh member of these vectors is in each case zero)

]

X
P

I

I+
g ©
o VO

The encounter conic is then obtained:

rz =X - X
P TP
=k %
P TP
ri = X + X
P P
a = 1
- 5 &2 (semi-major axis)
P
2.2 w2
e =1 - X8 ,;: a.(r 1) (ec:centricity')2
e sinh F = —==
A -ula
ecoshF =1 -
a

eexp I = esinhF + ecos F

o
]

log {exp F) (hyperbolic anomaly)

ep =X S—Cgﬂ-}'{pzesinhl?'\/—%

2 pz T

1]

X
_pz_x /-2 F 4+ X ei/-2
(_r pd #)exp Pe 7

¢ sin
cl’s
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100-4 of 9
B+« Tcos¢dp_ = -~E—L-(XX - X X)
u pzpy T Tpy px
B+ R cos b, = a(sin@S - epz)
T =2, /[ 2(csinh F-F + log e
a 2 g
T - (esinhF+ 1)a /&
e e u
‘a
Tg= 'r\/;
o
Vg = —————
/- a
N ou
-V
a
n = ——
a
b=t + (F-e sich ¥ - loge)  (linearized time of flight)

The next step is to obtain the encounter partials. The encounter parameter set (M) is

B-R as defined above
B-T as defined above
t linearized time of flight
5. R
s dot products of incoming asymptote unit vector 5
5. T with standard R and T vectors
—= -
C3 vis-viva energy

These parameters are related to the position and velocity of the probe at encounter and
the target gravitational constant. This set is called Q.

F _exp F

az r
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az

bz

bz
cx
Foy
cx

F .
<y

Sx

5y

sx

R
5y

82

a
- L2 F -
#(exp e)

e cosh F

I

-,\/-_f’le sinh F
u

-X
24

pPX
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100-6 of 9

- az(l + e cosh F)

TH

£ coshF X e sinh F(X + X )

+ 2

% e2 sinth
P r e cosh F
a

A r da
]
5 e +l Al-}.eZSinth+—r—eco'shF + S 4 -
H\Z a 2 3
2a 2a

+

1 2 2
5 (‘Z e” cosh F r e sinh F):I
- 03 + >

a

2 .
; 1 _esishF r~ e sinh Féap)
2p e cosh F 2 e cosh Fa3

sae

1 -
[" xngp exp F ) EXPz(e - exp F}%. (- X a . sinq;)

H
(9N
[}
pix
—
] o] '
5]
h

X
- 3 L2 _PZ —
(sz r = >5§ exp F + Eil s Tos 3,

X _expFX % (expF
‘ px exp F - ¢)
l:_ B, Tpx sa

3
T 2 _ﬁ
A/ a
+ ,\/_ax S )s -%XPX-XPX\XF5F+F
" px- b4 £ - T /ep - _a
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-t _ . 100-7 of 9
IESSY: o SY‘":I = [58x56 Sxp:l X—y
5!
a5 Szu = cos q)saﬁg
e sinh F 4/ 2 X,
Ep =- K =
X a2
_ st 2, T'p H 1
a8, = ’§._§.u+ [EP'(e cosh F - e7) 2R :le cos ¢
. 5' 6'
M’su - cbs.u T 05,
) X ecoshF X XzesinhFé_a_l_
[eang(e 6PZF)}= S Py P
T H
23
: [ a e sinh F
(—szecoshF -Tf'__i-"_—>6—F+£b
e 6P ={edP_) + E
Zu Zp PZ
The program now computes the variational matrix V = (%)
! . 2 .
Efvlﬁ* = esmq:p-ePZ da -~ aePzag
-(B* Resind aecosd }dd - aezﬁPg —1—-
- = P p _s8 z| e cos t{)p
C ] eCOSQ)p_B_'_T_ a 1
V2iVeu| T o ta + Br Lesind ip, - e~ F ccos e,
R
v3iva| = Tpba+ T, ge+ Ty sF
- P
VaivVau| = 2 B2
2 i a
s
V53V5‘¢-l - TSX 65}( + Tsy BSY
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. 1
I:V63V6H:| = Rsx?_%-I- RsyéS + RSZESZ 100-8 of 9
1
Vi T Vg
v = ’ + B L
2p - V2w 2

3p
' 1
Vap T V4n " g7
1
Vou = Vsu
1
Ver = Venu

The following matrix manipulations are then performed:

N = VTA l"eATV {noise moment matrix)
vV = VAU v o= 2 ot
0 = e 0~ aQO matrix
Finally, the configuration of the miss ellipse is obtained:
2
_ (“11 B nzz) .
= z M2
s )
5= 2
a =,/s+ « (semi-major axis)
m
b =./s- ¢ {semi-minor axis)
m
1. -1 e
8 = 7 ten n,, - n {inclination)
22 11
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USE
CALL
PZE
PZE
PZE
PZE
PZE

PZE

UMAT
XT

XH

TMU

TF

Lo Lt

u# of target

t:f’ sec

CODING INFORMATION

Length of subroutine is 168] {10} or 3221 (8) words.

REFERENCES

(1 6)
(1 X 6)

(1% 7)

(7 X 7) in {20 X 20} array

100-9 of 9

a. Warner, M, R., Nead, M. W., Hudson, R, H., TM 33-168, March 18, 1964.

b. Anderson,

John D., RFP 312-83, October 1962.
c. Null, George W., RFF 312-179, Addendum 2, September 19, 1963.
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IDENTIFICATION

VEC

Charles Coltharp, JPL
IBM 7094 Fap
January 4, 1965

PURPOSE

VEC computes the standard dot product of two 1 X 3 vectors, A =X -

RESTRICTION

COMMON break: 47675

USE
CALIL, VEC
PZE X
PZE b4

COMMON output:

A dot product

CODING INFORMATION

Length of subroutine is 15 (10) ox 17 {8) words.
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IDENTIFICA TION

WAILT

Michael R. Warner, JPL

Fortran II, Version 3

January 4, 1965

PURPOSE

102-1 of 2

WAILT obtains the a priori weight for each data point used in the normal equations.

RESTRICTIONS

a, COMMON break: 47675
b. Subroutines used:
CCIL:
DECOD

If the weight obtained is less than 10~

METHOD

Method al,

SQRT
WwWOCT
Ccos

ERROR

Error condition:

20, the program will abort.

If a priori <::oef:[i.cientsﬁ‘;‘—‘i are input to the program, the calculated weight is

where

ORI fj2'\/(;_E
S

1 when not weighting azimuth or hour angle

cos Y

cos d

-t
"

Ey
when weighting hour angle

when weighting azimuth angle

+

1 when weighting azimuth angle

1

+

18
{r +

1)

2

when not weighting azimuth angle
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~
n

data sample rate 102-2 of 2

declination

¥ = elevation angle
Method a2.
If octal weight codes are input to the ODP a priori coefficient table, the program uses
Method b.
Methodb.
If octal weight codes are input by the ODG data file, and if no input was made to the

ODP coefficient array, the calculated sigma is

{see documentation for subroutines DECOD and COL).
USE

CALL WAIT
COMMON input:

BALNC /'a‘a'j (12 x 15)

ID data type identification
IR receiver identification
2
5802 s-.. {lzxé6x4
TL T . 12x 6 X4
pik ¢ )
GsQ gz (6)
pjk
TAU 7 {doppler averaging time, sec)
IF10 phi vector output flag
DEC é, deg
EL Y, deg
TS 7., sec
s

COMMON output:
RVECW  array of weights

CODING INFORMATION
Length of subroutine is 230 (10) or 346 (8} wozrds.
REFERENCE

Hamilton, Thomas W., TM 312-182, April 12, 1962,
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IDENTIFICATION 103

WASH

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE

WASH prints certain time-~dependent quantities which are calculated by the ODP (sea
list below}. The subroutine is operative only in Mode-IV or the JP'TRAJ production

rmode.

RESTRICTIONS
a. COMMON break: 47675
b. Subroutines used:

READB
FLAT/FLAPR
FIXT

PROUT

USE

CALJL, WASH
COMMON input:

TOB observation time, d.p. sec past 1950.C
GHA Greenwich hour angle, deg
X geocentric probe vector
XSUN geocentric Sun vector
XMQO geocentric Moon vector
XVEN geocentric Venus vector
XMAR geocentric Mars vecior
CPPHL partials aF/0Q

CPTHT  partials 0F/98}

U partials 6_1'_/8_1:0

GMAT partials 3r/d9q

DRVEC refraction corrections

CODING INFORMATION

Length of subroutine is 401 {10) or 621 (8) words,
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IDENTIFICATION 104

WOCT

Michael R. Warner, JPL
IBM 7094 Fap

January 4, 1965

PURPOSE
WOCT determines whether an input a priori weight represents a floating point quantity

or an octal weight code.

USE

CALL WOCT

PZE wWT a priori weight word
PZE CODE output if octal code
PZE TEST = { if floating point

# 0 if octal code

CODING INFORMATION

Length of subroutine is 11 (10) or 13 (8) woxrds.
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VIiIi. OPERATING INSTRUCTIONS

The ODP may be operated in three modes: SFOF Mode II, SFOF
Mode IV, and the JPTRAJ Production Mode, Mode II requires the full SFOF
hardware configuration, namely, the 7094-disk~7040, with associated user-
area equipment. Mode IV requires the 7094 and disk, properly initialized for
SFOF operation., The JPTRAJ Production Mode is independent of the SFOF
system, requiring only the 7094 and disk.

A, MODE II COPERATION

1. After the system has been initialized and the user programs loaded on
disk, ask the operator to mount the following tapes:

A3 scratch for 1401 output

Ad scratch for combined ephemerides

Bt EPHEM system tape

B9 scratch for 4020 plot output {(optional)

2. Type PS1Xg at the user area 7 console.
3. Depress the TURN ON button, then the TRANSMIT MESSAGE button.
4, When requested by the administrative printer, enter the ODPX source

deck via the user area card reader.

5. At the conclusion of PSiX, type ODPXZ at the user-area 5 console.
6. Depress the TURN ON button, then the TRANSMIT M ESSAGE button,
7. At the beginning of ODPX execution, the message ENTER SWITCHES.

22 = TERMINATE, 23 = DELAY, NONE = PROCEED will be printed by the
administrative printer. To proceed, clear the switches and type ODPXg at

the user area console.

8. Depress the OPTION SWITCH ENTRY button, then the TRANSMIT
MESSAGE button.

9. When requested by the administrative printer, enter the input deck, as
described in Section IV A, via the user area card reader. The program will

then execute the options requested by the input deck.

222



JPL TECHNICAL MEMORANDUM NO. 33-204

10. To obtain the full SC-3070 printout, type 1§ at the console, depress the
AUTO ON button, then the TRANSMIT MESSAGE button,

11, The message described in step 7 will be printed between iterations. The
user has the opportunity to read a new deck for the next iteration, or terminate

ODP execution.

B, MODE IV OPERATION

1. After the system has been initialized and the user programs loaded on
disk, mount the following tapes:

A3 scratch for 1401 cutput

A4 scratch for combined ephemeris

B6 EPHEM system tape

B7 scratch for MMP output {(optional)

Bl scratch for supplementary partials output {(optional)

B9 scratch for 4020 plot output {optional)

2, While the system is at the idle stop, depress sense switch 1 and depress
START at the 7094 console,

3. At the card reader select, enter the card TURN ON, PSIX¥.

4, Raise sense switch 1.

5. At the card reader select, enter the ODPX source deck,

6. At the conclusion of PS1X (idle stop), depress sense switch 1 and

depress START,

7. At the card reader select, enter the card TURN ON, ODPXg.
8. Raise sense switch 1,
9. At the card reader select, enter the input deck, as described. The

program will then execute the options requested by the input deck,
10. To obtain on-line printout, depress sense switch 6,

11, The card reader will select between iterations for additional input. If
console key 22 is depressed at the end of an iteration, the execution will be

terminated.
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C. JPTRAJ PRODUCTION MODE OPERATION

1. Mount the following tapes:
Al JPTRAJ system tape
A2 input tape (see below)
A3 scratch for 1401 output
A4 scratch for combined ephemeris
A5 JPTRAJ program tape
Bl scratch for system operation
B6 EPHEM system tape
B7 scratch for MMP output {optional}
B9 scratch for 4020 plot output (optional)

2. The input tape should contain the following card images:
gJOB MRW, 2116000, 542-70285-1-3170, FC {(example of
JPL job card)

e JPTRAJ
SRESTORE
* DATA

ODPX source deck

ODPX input deck

for iteration 1

e —

ODPX input deck

for iteration n

EOF card
FPAUSE
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3. To start the system, depress the LOAD TAPE button at the 7094 console,

4, Once the program has been restored on disk, the FRESTORE card and
the A5 tape need not be used.
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D, SOURCE DECK LISTING
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ANALY515 QF THE J#TRAJ SDURCE PRDGRAM FGR THE DDP PROYIOES
THE BASIC LG31C DF THE PROGRAW. 1IN THE FULLOWING THE STARRED
[TENS &RE DITECTLY FRIM THE SDURCE PROGAAM WHICH IS GIVEN
IR COHPLETE FDAM [N T-E APPENDIX. NOK-S5TANDARD EXITS FOR
EACH LENK ARE EXPL’IHED‘ THE STANDARD EXIT IS 1IN SEQUENCE.

il coPx N
N9

LT L&z XeN1LeNLs NG
X TERKEYATE JDB
N1l USE SAME PROBE EPHEMERIS,SK1P TRAJ THIS PASS
Nl RESTARF FEATURE, FO RESEF TO NOMINAL IRPUT
& USE SAME CDMBINED EPHEMERIS, SKIP TD LINK &

THE CARD SH5al WILL CAUSE THE OBP YO READ THE IHPUT
OECK FAOM TAPE AZ. NORMAL INPUT IS BY ONLINE AEADER.

#4122  LAL2 %
x TERMINATE 308

=413 SPACE X
X TERHMINATE J0B

<11 LAlL NiylbaN12

ks EXIT TO PREDIZT-DATA TAPE LINK
He EXIT TD DATA FITTING LINK
N1z EXIT TD LINK 12 FOR ERROR, THEN TO X
-z LAZ HLZs X
NI2 EXIT TD LIHK 12 FGR ERRDR COHHENT, THEH TQ X
X TERNINATE JOB
“2a LAZA NFp¥12
NG STEP MAP COMPLETED, CHECK FAR RORE INPUT
N2 EXIT TD LINK 12 FOR ERRDR, THEN TO X
i3 LA3 H% HLD
(HO EXIT TO LINK 4)
hil IHPAZT HAPPING COMPLETE, CHECK FOR MQRE INPLT
H10 COMHENT OQUTPUT REQUESTED
=4 L4 N6, H12
L3 HO SIRYING NETESSARY, GO TO DATA FETTENG LENK
L1¥4 EXIT TD LINK 12 FOR ERRDR
=5 LAS R9.N12

{ND EXIT FD LINK &)

HY PREDICTS SORTEDQ LHECK FOR MOGRE INPLUT
Hiz2 EXIT IO LINK 12 FOR ZRROR
" LA& L2
NE2Z EXIT TO LINK 12 FUR SRROR
=7 LAT N9,NIDNE2
9 RETUTN FIR MORE INPUT. ND RESIDUALS, STATISTICS REQUESKED
H1D EXIF MERC TD PRINT PARTIALS
Hiz ERRDAX EXIT
e LB NZNL2Z
{40 EXIT TO LINK 1O}
N9 RETUIN FOR MDIE INPUT
N12 ERARRDI EXIT

=10  LAlQ N ND
{KD EXIT 70 LINX X}

hli AFTER PARFIALS PRINT RETURM TO LIKK 8 FOR RESIDUALS
AND STATISTICS
3] NO OTHER REQUESTS, RETLAN TO INPUT LINK
(13 EHD
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VIII. CHECK CASES
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SOURCE PROGRAM LISTING

K1 opPx L L
“R9 LAY KeNLL KR H4
L5164 71 .ODF1& "
#H12  LAl2 1
#N13  SPACE X
SCFORFa2
- WANT R, IHDJFHLL 200, (KOTORLBRHOPT] 418
. WANT SI1eETAPEND .6
- WANT N12, EXNI INIX L, DL EXNI-1 TV ) 41
- ETC (XNI-Zo INJZYal, [XHI=3 THIOX) )
. ETL UXNI=%, THIOY) ¢ Ly IXNJ-5 INJDE) 51
- ETC lEPOEH,I!lJI'l LEPOCH-1+ IRIT #1042
- EIC {BUTy GRAY- 2 LA SCALEL+ 1141
- EYC IRE.SCALEH 1 [PORE.HIHHNOSI.I
- EIC (QDHARMH 41, 1, {QH HARMN 4], 1
- ETL LIy HARRH 255 4y IGRAVE JSRAT I K
L4 ETC (GRAVH pGRAVEEN 51 IGRAVS s GRAVS2Y 51
- ETC (GRAVY pGRAVS3) 5 1 I SRAVR 4 GRAV #4],1
. EIC CGRAVIyGRAVSS} ¢ 1y ISTEPsHE,1
. EIC CTARGEL . TARBCD) 5 1y [AREA,RADDPV#3} 41
. ETC {GHB,RADIPT+4},1,(FRASSRADIPTE5] 41
. ETC CFAD GASAPT42}, L {FBO,SASOPT #12)
- ETC (FLO,CASOPT+15) - 15 (FAL.GASOPT#A)
E¥C CFBL0ASGPToLLl i (FCLaGASAP Tr1dd
- ETC IFAZ,GASOPT4T), 14 IFBZGASOPF+10}
- E¥C {FC2,GASOPT+13)41, [ JEYDNSGASOPT )41
- EIC {1 JETON,GASOPT 2] 15 { JETON-1, GASOPT+3) 41
. EfC { JETOFF-GASDPT#5) o1, [JETOFF=1,GASDPT461,41
- ETC {TFIN,SECP50) g {FFIN-2s SCCP 5001 0,41
- (314 [ FRASS GASOPT #1561,
GASDPT+1={CANDFL}
[HJBCO= [EARTHY
RACLDP =, 1031ES
rH1L LALL K& HE HIZ
Ld WANT N9 (L1341
WANT N13, [CLPT yTRADE+L} ko {CLPT+1,TRADE}sL
ETC {CLPBTC«TRADE+2),1, LCLPBRL  TRADE+3)+1
ETC (CLPBTTTRADE+4) 11, (CLPBRT+TRADE+5},L
sTC (TAPEX) .6
LA2 N12,X
WAHT HITTEPOX 14
LAZA Ng.N1Z
LAZ N9 HlD
LAG
LAS 'l9.HlZ
LAS
LAT H9yH10HLIZ
WANT HY 3 (APRIOR=19,APRIOR~191.20
Lig YFahi2
LALD hLTL L
EHD

Q000 134501
chOG 13450
0ODD 13450
0000 13450
0000 13450
CO00 L34Sk
DOGO 13654
anco L3450
6000 13450
4080 1345
L0O0O 13550
00D 13450
0000 13&5D
0Qop L3450
oo L3s50
0000 L3450
4000 13454
Q000 136%9
0000 13450
0000 13450
0000 1345)
Qoon 12450
Q00D 13450
CO00 13450
0000 13450
annn 13653
008 13450
Y000 13450
0000 13450
0000 13450
4000 13450

THERE WERE NO GLARING SOURCE DECK ERRDRS.

THE OBJECT STRING HAS 005t6 JICTAL OR 334 DECIHAL WUORDS.

PAGE HEADTHG

14ARS CHECK CASE = FIT SINULATED DATH, THEN KAP)
FPOCH

S41L02815,0757000

GEDZENTRLL POSITION AND VELOCITY AT EPOCH
X S60R2222C4 YT=aZLYBOTIOES £-— . 3Z4(T40ES
OXwe=, JABITATTEL DY=.10978654E2 DI=—,12280548E1
OTHER DPTIONS AND CONSTANTS

TARGET=(MARS]

INFAG=3EZ5280.

ESTIMATE THESE PARAHEIERS

X Y I DX DY DZ MM AU

COVARIANCE MATRIX OF ESTIHATED PARAMIERS
DIAG=N0. 3 10m s 0 0u reOlyuDlpeOleolE~IT 9250
POINTING IIMES, SAMPLE RATE, EOUNT TEME
NOHJET=661102816, 04642 1030L4,0, 3600 ,60.
JDBJET 541102816 0,648 1GI0E4,0y 3600, 464,
OATA FILE S1GHA

HAL%)=,001 DECI&I=.002 CE3 &)=, 501
HA{5)=.002 DECIS)=.001 CE3iS)=,002
SFATISTICS AND RESIDUALS FOR THESE DATA FYPEZ
HA[%)=.01 DECI4)=.01 CCH{4)=.01

HA[S)=.01 DECIS)=.01 LL315)2.01

WEIGHTS BY DATA TYPE ANO STATION

HAL4)m.5 DECI4)=.5 CLI{&1=.1

HAISVx.5 DEC{S)x.5 €C3L{51n,1

TRAYSMITIER 1D TABLE

442038516, 184110291640, 5, 2030516

DFFLIKE CORTROL

KEY{21 XEY[L4) KEYIl&)

END DATA
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THPUT COVAKIAHCE MATRIX OF ESTIMATED PARAMETERS ITERATIDON HUMBER ]
x ¥ H ox oY (173 L] AU
x 10000000 02 .QQ00QCOD QO oo I a . Q0 .000Q0000 OD .ODO00GOO DO
Y »00000000 DO .10000000 ©2 .0000Q00D 00 .OGOOGO00 Cd oo . [+1 I o0 oo
z - a0 . 02 00000000 Of .0O000CQDQ OO .000GODOD 00 .000QQPOD O0 .OUN000GS OO
Dx 0w . a0 a0 .99999998-02 (1< I oo . 00 .08 ao
oy a0 . 040 . ae  L0GOQO00C 00 .99%99978-02 8o . oo [+11]
oz 0 . a0 [+1- IR s Q0  .00000D00 00 .9% B2 - 000 .0 oo
L] .0000000D 0O .DGOGODOD OO .OODDGODD OO0  .OCODODOD O0 .00CQQDOO GO .0QO000QDO GO .99999998-18 .00000000 OO
AU oo . [e]:] e 00 .O000D0000 OO ,.00000000 QD .0QQOOQOD OO  .000D0OOO 00 .25000000 02
INPUT J MATRIX OF ESTIMATED PARAMETELS ITERATION NRUMBER o
X Y z bx oY DI~ HH AU
X +99999999-01 .00000000 00 .00020OD0 OO 00 . 00 .« oo o 00 ]
Y -00000000 00 .$9999%99-0F —.0S530000 09 =.00000000 08 - 00 —.( oo - 0 00 - a0
Z - 0 =a «99999599-01 =.00000000 00 - Q0 40 - 00 e 00 =.00000006 QO
DX 06000000 00 -.00000090 80 —.00000000 00 .100B0000 03 =.00000000 90 -.00000000 00 ~.00000000 OO -.00000000 OO
DY -00000000 00 -.00C000000 GO -.CO000000 Q0 - [+ I 23 - oo -, an -.
nz 0 - 00 —o g - 00 - 0 00 W4 ) 03 =a! 00 - 70
HH »00000000 90 =-.00000000 GO -.{(0000D00 OD - oD -a 10 00 - 00 .99999998 18 =-.00000000 00
AU «00000000 00 - 0 - 00 - a - 00 0O - 00 00 —.0R000000 00 . 39999999-D1
CASE 1 IBSYS-JPTRAJ-SPACE D2226%
DOUBLE PRECISION EPHEHERIS TAPE - EPHEML
GME .39840053 05 J W 16234500-02 H -.57499999-05 0 .TETH9999-05 RE .63781650 D&  REM .63TRILIZ 04
G .66709998-19 A JAATALTSG 29 B .88500L9% 29 C .B8B3G9TS 23  (OME  .&1lT80T41-02 AU . 14959850 09
GMM  .49026293 O&  CHMS 13271511 L2 GHY .32476627 06 CMA  .42977348 05 CGHC 37918700 08  GMJ 12670935 09
EGH  .39660320 06 MG L A902TT79 0% JA  .29200000-02 HA  .00000000 QO oA .00Q00000 OO0 RA 24170000 0%
RADIATION PRESSURE INPUT
ARA  .11120000 02 GB  .95999999-01 MAS .2%900000 03 GBI .000000CC 00 G3Z .000000C0C 00 SC .1031l0000 D9

INSECTION CONDITIONS HARS 235700551523202200000000 J.D.= Z438723.13052083 NOV. 2841964 15 OF 57.000

GEDLENTRIC XD 56682222 04 YO _21465726 0% Z0-.32403T48 0% DX0-.18039477 OL DYD .10978654 02 DI0-.12280548 OF
CARTESIAN 10 54576999 05 GHA 29452970 05 GHO .66920765 0Z
DATE OF RUN 022Z565& 13860 EARTH 15 EHE CENTRAL BODY FOR INTEGRATION  COMELL EQUAIIUNS OF MOTION
PROBE 15 IN EARTHYS SHADOW
O DAYS O HRS. ¢ MIN. 0.000 SEC. 235700551423202200000000 J.D.x 2438728.13052003 NOV. 25,1964 L5 OT 57.000
GEUCENTRIE EQUATERLAL COORODINATES
X 56682219 04 ¥ 21465726 06 T -.32403T47 D& DK ~.13839476 01 OF  .109T8653 D2 61 —-.122805%7 01
R .60729157 04 DEC -.28129771 02 RA  .20T62711 02 v .1120661% 02 PTH .12650650 02 Al .0042137% 02
R .6BT29154 D4 AT 8129772 02 LON -8621301% D2 YE .10TTS808 02 PTE .13165318 02 AIE .9043912% 02
XS -.58995549.08 «12408705 0% 1S -.53810145 08 OXS3 .27792202 02 OFS ~.108403566 02 DIS —.4TOL1O?L 0L
XM -.IG523465 06 ¥N -,54736395 05 IN  .1B645ST9 05 DX .37058t&5-01 DYH —.9203837L 00  DIH —.41497853 00
xT -.19750066 D9 1T 58811766 0B IT ,33854925 08 DXY .87298950 0L  OYT —.21590059 02 OIT -.91209471 Ol
RS .14755881 Q9 ¥5  .30199675 02 AN 38827148 06 VA .1010290% Ol RT  .20883346 09 VT 25010665 02
GED -.2B291871 02 ALT .49950940 03 LOS -31004Z16 03 RAS 424457186 03 RAM 18662395 03 LOM .2520942% 03
QUT  .35000000 02 0T .37500000 01 DR .26543145 0L  SHA .62358361 04 DES -.21387223 02 OEH .27525167 O1
CCL 11901304 03 HCL  -211%4471 03 TCL 21574659 03
GEDCENTRIC CONIC
EFOCH OF PERICENTER PASSAGE 235700551326202354652400 J.D.= 24387128.12770659 NODV. 2841964 15 03 53.850
SHA -.41536075 05  ECC 11580720 01 B .26259727 05 SLR 14169237 05 APO  .00000000 00 RACA .65656922 D4
YH .30978206 01 L3 95954924 01 Gl -T75152290 05 TFP .24314985 03 TF -.28142345-02 LTF —.25588951-01
TA .23551647 02 MTA  .14971233 O3 EA  .65722201 Ol  MA  .10390285 Ol TFI  .00D0000D 00
ALL VECTGRS REFEXENCED TO EARTHM EQUATOR PLANE
X .56682219 D& Y .21466T24 O I =.3ZAD3TAT 0% DX —.18839476 01 DY .109785653 02 DL =.122R0547 01
ENC  .28132666 02 LAH 11163651 Q3 APF .24565020 03  MX —.35740510 00 HY .9339269% 00 Ml —.64B857359-02
WK .4382929% 0D WY 17385475 QO WZ .BB18531% 00  PX .A9883014 00 PY =.86B54062-01 PZ ~.42960527 00
0X -1904040502 QY 98093365 00 QZ -.19%3335F 00  RX —.21994257 00 RY 16164777 00 RZ -.$6202652 00
BX 45496172 00 BY .B0323618 00 BZ -.38447559 00  TX 59221295 00 I¥Y  .B0578151 Q0 1z .pODOOGDD 00
SXI LT77103B3 00  5YT 41972693 00 521 — 46897631 00  DAI -.27967872 02 RAI .20374231 02
Sx0 - 775183256 00 SYD L56972462 00 520 27295548 00 0AD  .1SE40210 02 RAC .14368579 03
BIQ .24222576 D5  BRO 13420740 04 B 26259727 D5 THA .31T12828 OLF T VECTOR IN EARTH EQUATOR PLANE
\ ALL VECTORS REFERENCEC TD ECLIPTIC PLANE
X 56582219 0% Y .68027003 03 Z -.3B26939L D4 DX -.18839476 01 oY 95837711 O1 0! -.54945630 01
IHE  .%2277B32 O LAN .13934388 03  APF .21231137 03 MX =.35T50509 00 MY _85425011 0D BL —.3T751597 00
WX  .A43A29294 00 WY .51035282 0O Wz .73989141 00 PX .89863011 00 PY =.25060393 00 PL -.3595856% OO
0X  .19040406-02 Q¥  .82264062 0D OF -.56B55042 00  RX —.184205456-01 RY L15001224-01 RE ~.999T1770 00
BX 45496171 Q0 BY .58395360 GO0  BZ -.67230674 00 TX .631A6777 OO TY .77540212 0O T2 60000000 00
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JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1 IBSYS-JPTRAJI-SPACE 022265

SXI .T7710380 00  SYT 19849447 CO  SII -.S59T25159 00 DAL -.366T3309 02 RAl  .14320500 02
5X0 -.T7518323 o0 5YQ L63120952 {0 5I0 -23T55120-01 DAD .13612515 Ol RAD .1508+%150 03

BFC .223T949T 05 BRC —.93644225 0& B . 2425972T 05 THA .33T729373 03 T VECTOR [N ECLIPTIC PLANE
HELEOCENTRIC ECLIPTIL COORDINATES
X .55001217 OB Y 213525276 0% I =.4157000p Q& DX —.296T5149 02 DY 21399603 02 DI =.58945124 01
L3 ¥ «369973T70D 02 PTH .120858%3 02 AZ 98735356 02

«1&T56169 09 LAT =.1514094T+02 LON .6643E750 02
XE .5B8995549 OA YE .13525209 0% IE =.33000000 03  OXE —.27792202 02 PYE .11815832 02 DIE .155566812-03
XT -.13850512 09 YT  L202678LT7 09 IT -T6bR4060 07 OXT —,19062307 02  OYT -,11620T46 02 D27 .22182012
LTE -.E2B134604-03 LDE L&6&33549 02 LTT .1T7675885 OL LOT .12434771 03  RST .2456029% 0% VST .22326273 02
EPS .&6513421% 02 ES# .13988227-01 SEP .11486336 03 EPH 28249721 02  EMP 43000350 00 MEP .15127023 03
KPS 461567036 02 MSP 13507480 (0 SHP 115290815 03  SEH 41571418 02  EMI 118290583 (3 ESH  .13270400 CO
EPT  .39785299 02 ETP L.27453512-18 TEP 14021349 03  TPS 85283946 02 TSP 57933486 02 STP 36722563 02
SET  .85286548 02 STE 346781888 02 EST .57931519 02 RPM  .39431215 06 RPT .20083893 09 SPH -.29894790 0L
SAC  .22250601-09

GLCE .24098695 03 GCT  .2T4T73355 0} SEP .85283019 02 CPT .84329569 02 SIN  .B4&328642 02

REP J6BT29157 04 VFP .11206614%4 02 LPE .12085570 @3 CPS .101E1911 03

0 DAYS O HRS. 9 HIN., 49.24% SEC. 235T00551645202437164374 J.D.x 2438720, 13734078 NOV. 2041965 1% 1T 46.24%
PROBE IS LEAVING EARTH'S SHADOW
2 DAYS O HRS. 52 HIN. 3,000 5EC. 23570046T7340202000000000 JuD.= 2438730.16666666 NDV. 30,1766 16 00 0D.000
2 DAYS 0 HRS. 52 HiY. 18.000 SEC. 235T00ATTIAIZTO260000000C J.D.7 2438T30.165624028 HOV. 3041964 16 00 15.000
215542322602 214412016141 614626031437 601T3ILAS56T22 204537405524  &014T1S5TN32 EARTH
211898908915 17481359072 400000000000 INITIAL
623ITIVGTIISL 223571732535 222507660544 60250550TT1LY  201TH145TTAL 200715435157 EARTH
235T008TT343 202500000000 EHD
4 HATRIX ITERATION HUHBER 1
X ¥ z ox oY 133 HH Au
X .B6585481 DT .34045452 O7 —.50691355 0T -.21792881 10 .13770335 11 —.15816593 10 .23125263 07 -.T7135333-04
Y 34045452 DT . 13396596 0T -.19929949 OT -.85587537 09 .54135596 10 —.622252641 09 91247442 06 —.304T5400-0%

I -.506913SS OT =, 19929949 OT .29580390 07 .1275896% 10 —.80522930 10 .92585914 0% =.134997865 AT .&5040778-0%
DX —.21792a881 10 -.85537537 09 .1215896% 10 .54958126 34655872 13 .3977530% 12 —.58092013 09 .193719462-0L
oy L13T70335 11 .54135594 10 —, 60522930 E0 -.346465372 13 .21900237 14 —.25151332 13 .36716555 10 —.1225393% 00
07 -.158I68693 10 -,.62226241 09 .9255691h 09 39774309 1Z -.25151332 13  .28909285 12 -.42327558 09 .14149069-0L

-
N

HH  .23125263 07 .91267447 D5 =.13599765 OF -.58092013 09 .36716555 10 — 42327558 D9 .99999995 18 -.29593198-04
AU —ITT185333-08 ~.304T5400-04 L4S5060778-04 -19371962-01 =.1225373% 00 1414906901 -.Z9393198-08 . 39¥99999-01
CORRELATIONS BASED ON J MATREX ITERATION HUMBER 1
% Y z ox oY bz MM A

¥  =.10009000 01 —.39962436 00 .99994028 00 99901687 00 —.99996582 DO .99969255 00 -.74588977-06 .13115346-06

¥  =.9995Z436 00 -.l0000000 OI .999%8009 0D .99746235 00 —.9996276B 00 .999B7035 00 -.78835797-06 .13165040-06
z _99994028 0f .99948009 00 —.99999999 0D -.99899522 00 .99997574 00 -.9%953067 00 .78359453-06 =.130T1911-06
bx _9990168% 00 .99T46235 00 —.998995622 G0 =-.10040000 Ol .99919678 00 -.99785440 G0 .7TB360%40-06 =.13065524-06

DY  =.999956532 00 —.399042T&E 00 .9999T57% 0D .99919678 00 ~.E0000000 01 .3995579% 00 —.TB4S56262-06 .1309215T-06
DL -999692585 00 L 99087035 00 =-.99953047 00 —.99THS440 OD .99A55199 A0 —_t0O0DAORA O1 .TE723525-06 -.131576T6=05
HM  -.78588977-06 —=.TQAISTIT=06 .7B359453-06 J78360940-056 -.TB456262-06 .T8T723525-06 ~.10000000 Dl . 14796599-12
AU «131153566-06 .13165040=06 —.130TL9TE-06 -.13065524-056 .13092157-06 =.13157616-06 .14796599-12 -.10000000 O1

=

MARS CHECK CASE = FIT SIMULATED DATA. THEN HAP

TTERATION KUKBER 1 EPOCH 64711728 150757.000 CLOCK 135150 505 .2050t 00 0505  .20501 QO
1] [1]] STDEVDQ APRIORL oLp Q HEW Q NDHIMAL © DOINOM)
STOEVDQ

X «.11623599-01 «75099736 00 31622776 D1 56682222 04 +54682105 0% «50682222 04 =.11596680-01
k4 +13752168=01 25575302 DO 31622776 0L -21465726 D% 214566863 D& 221466726 04 +13T63428-01
4 —.575564049=02 LIT4&5T67 OD  .31622776 01 ~-32403748 D4 —=32403805 04 —e J24A0ITET 0% =.5715618223-02
134 -+ 1522540904 «57259488-03  .9999999%-01 —-18B395T7 OL —- 18839629 01 -« 1883%47T 01 -.152208987-04
or -.T§521106-06  .IBT7B0906-03  .99999999-D1 +1097T8654 D2 109718653 02 «10978454 02 =.TE5255T4-06
(133 -.12002572-0F  .754345680~D3  ,.99999999-01 —.12280558 01 ~+12280560 0L -.12230558 01 ~-.12069%41-05
HE -.35015613=17  .999999971-09  .99999997-D9 -32383619-05 +32383419-06 «32383419-06 =.35527136-14
AU +20060658-00 «5%0000000 O1 +5000G000 OL =14259850 09 »L15959350 a9 -14959350 09 .00coo000 ad
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JPL TECHNICAL MEMORANDUM NO. 33-204

J  INVERSE 1TERATION HUKQER 1
x Y 1 DX oy b2 LL] AU
X «6299%675-01 —.59524518-0F .11556153 @0 .11468T003-D03 .5T341748-0% .LODZBS7T=03 —.12224223-16 .16363928-07
¥ —e59524518-01 .B85A09507-01 —.673663465-01 ~.BA6L9571-0% —.2Z914B3T=D4 =.46559043-D4 28395455-16 .18269573-07
z 11856153 00 —.673565365-00 .60009450 OO0 . 421L7713-03 .29T49136=03 .57407415-03 27931063-15 . 264568629-06
X «11487003-03 =, BAEL[9571-04 .42LLIT13-03 L32785490-06 .20192139=-06 .3944TA6F=Q6 —,. 1490426018 -1&FTS&LTT-09
oY «AT341T4E-04 ~. 2291483706 .29749136-03 .20192139-06 .15039%5B8=06 .2B756925=086 -.1e&11435=18 .13669T59«09
224 +10028577-02 ABS5F043-06 LS5T740T415-03 .3954T269-06 .2B8T56925-06 .56903910-06 —,.28010333-18 .25951601-09
KR —.12224223-16 -.28395855-16 ~.27951063-15 -.14904260-18 =.14411435-1a ~.26010333=18 _99999998-13 .Z1195406-32
AU 1636392607 .18269573-07 .26658629-06 LI4TTSATT-09 -13669769-09 .25951601-09 .21195486=22 .25000000 Q2
COVARTANCE HATRIX OF ESTIMATED/PARAMETERS TTERATION HUHMBER 1
x v 7 (11 oY [LF] HH Al
X «6299%675-01 —. 595256520~ +1I55A153 00 LE1SBTO03I=D3 .&T341740-04 .ID028517-D3 -.12224223-16 .163863926-07
¥ ~aB59524518-01 -6580950T-01 =.67356365-01 -.B5619571=04 =.22914837-04 —.48559043-0% -.208395455-16 L18259572-07
i «L1556153 00 =.6TIS6IAG-01  LACOD9650 Q0 .4211T7I3-03 .29T49136~03 .57407415-03 -.27951063-15 .26663529-06
ox Cl14BTO03-03 = 886)9571=08 L4ZAETTLII-0} ,3I2TEEA90=-D6 .20192130-06 .39447369-06 -.14904260-18 . 14TV547T-09
oY CHTISLTRB-04 ~.22914583T=-05 L29T49136-03 .20192139-06 .15039550-06 .28756925-06 ~.1e4l1435-18 .13869769-09
Dz +10028577-03 46559063-04 LSTEOTE15.03 L39447369-08 .28756925-06 .56903910-06 —.260103323-18 .25951601-09
KE  =ulZ224223-16 -.28395455-16 —,.27951063=15 -.14904260-18 —-.16411435-18 —-20010233-18 .99999998-18 .211954B6=32
AU LLB303926-07 . 19259573=0DT .26558629-06 .1&TTS54TT=09 .13669769-07 .25951501-09 .21195446-22 .25000000 D2
CORRELATIDON MATRIX OF ESTIRATED PARAMETERS ITEKATION HUMBER 1
X Y i 1) oY [} LL} AV
X +9999999% 00 ~.92T26948 00 .59433910 0F .T9926371 00 -4MA635924 D0 .52966234 00 -.43T02594-07 .13039122-07
¥ —.92726948 0D 10000000 O ~.34002631 00 -.605L577T3 00 —.23103514 GO —.2413305t 00 —.1t102686-06 .14206BB8-07
1 259533910 00 -,.340025631 00 .10000000 Ol .94952738 DO .99025392 GO .T5239720 00 -.3503N826-06 .503524682-07
ox «T99263TL DO —. 60514TT3 D0 .94952738 00 .I10000000 Of .90932032 OO .FIIZ7070 00 —.26029327-D6 .51508834-07
DY »40635924 00 -.2310351% 00 .990253%2 00 .20932032 00 .10000000 Ol .75299974 00 -.3T161160-06 .7049T417-07
[:}4 «529656234 00 4133051 00 585239720 00 .9132T0T0 0O .982999T78 0O .IOO000O0 01 -.3T131904-06 .43805492-07
HM —a4BT02594=0T —.11102686=06 =.36081826-06 —.25029327-06 =.37161140-06 —.37131904-06 .99939%9% O0 .42390971-1%
Ay »13039122-07 ,142B6883-07 .68852682-07 .51400034-07 T0497417-0T .6BB054%2-07 .42390971-14 .99999999 DO
STATICN NUKBER 41 64711729 ITERATION HUMBER 1 PASS NUHBER 000000 PAGE
FREQUENCY2038516.0
TIHE T Q DEC HA [
L&DODO 4D 41  -TA&3l41l6 DL .8652-01 —.000% »32882011 03 .659-01 28456650 05 .130-01 0007
170000 60 41 10831269 D2 .652-01 —«0016& «33ATT56T D3 .5664-01 »23100862 05 .L130-01 --0010
180000 60 41 -12099763 0Z .652-01 -0016 «3%646T60 03 .66T7-0L «21835252 05 .130-01 0005
190000 60 41 -12793196 D2 .652-01 ~e0012 «3597123% 03 .567-0) 20946827 05 .130-01 0000
200000 &0 41  .1321879F 02 .652-D1 +polo 13594732 02 .669-01 «20512531 05 .130-01 0002
210000 40 41  .13679367 0Z .654-01 -0007 ~2TTT2787 02 .671-0L 220302005 05 .131-01 -20007
220000 &0 41 .13639585& 0Z .657-01 -0013 =42085743 02 .&T6-0L 20195838 05 .132-01 «0007
230000 &0 41 .1373202L 02 .674-01 -.0003 56446052 02 .633-01 20016815 05 .135-01 -.000%
H4f11F29
0000C0 60 41 .13T62374 02 L774-01 0016 «TOTA0TST 02 .T98-0F <0010 20016154 05 .155-01 «0D05
1500060 &0 41 L14855866 02 73401 0005 «2895392% 03 .513-0F -+0007 + 14764306 0% .157-0L = 0005
160000 40 41 L149T7T514 02 .674-01 +002% «30453431 03 .896-01 <0001 «1492659L 05 .13%-01 <0005
FREQUEKCY -0
1TOODO 60 © L15058219 02 L4657-01 0033 «31962313 03 .681-01 -.001%
180000 &0 O 15117300 02 .45%-01 ~.0001 33475542 03 .6T6-01 —. 0007
190000 60 O .L5157664 02 -452-01 =.000% +34990300 03 .6T&=0L =000&
200000 60 O .l51B0486 D2 .657-01 -000% -50660299 0} .6T4=01 =Q013
210000 &0 0 L15187077 02 .56%2=-01 -002T -20210503 02 _A6T6-D1 «0010
FREQUENCY2038516.0
220000 60 51 .1517B90% 02 .5657-0L =.0023 -35324527 0Z .679-01 =+0004
230000 &0 51 415156356 02 .66T-0L -0012 -504G5889 G2 .691-0D1 «0006
6411730
000000 60 SI LE511907% D2 .T15-01 -0000 265427979 D2 .T40-DL —.0003
010000 &0 SE  .14519789 0Z .111 OL -001p -T9974701 02 .115 Ol =.0003
FREQUENCY -0
1506000 &0 0O 15275558 OZ .798-Cl --001¢  -28%33294 03 .828-D1 -.0008
160000 60 O 15356074 DZ .&6¥4-0L -0035 L10433663 03 .693~01 -.0008
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JPL TECHNICAL MEMORANDUM

NO.

33-204

HARINER STATISTICS

STATIDN 41

RHuS FIRST MOMENT

+133=03
=abbl=Dh
«4593-03

ccs

o5
37

05
o5
05
o5
o5
5
o5
05
113

+172-01
-135-01

«132-01
-131-01
-130-01
+130=01
+130-01
+131=D1
+132=D),
+13%=01
+18%~01

RMS  FIRSF HOHENT

»255-03
«334%-D3
«303-03

PASS DATA TYPE BEGIKNING END  NUMBER DF STD DEV
TIHE TIHE PRINTS
000000 CC3 11/268-180000 11/29-160000 11 -5T4-03  -589-03
HA 11/28~160000 11/30-160000 22 101402 10102
DEC 11/28-150000 11/30-160000 22 LESB-02  .165-02
STATION NUMBER 51 64r11r28 ATERATION NUNBER PASS NHUHBER 000000
FREQUENCY2038516.0
TIHE TC @ DEC HA
220000 &0 41 .13129207 02 .735-00 D017 .2BO6L228 03 .T54-01 0004
230000 &0 41 .13532427 02 .667-01 0005 .3032909T 03 .686-01 -0046
4711729
POO00D0 &0 &1 .13A3B208 02 .&54-01 —-000% -3181a084 03 .6T4=D] =+ 0044
FREQUEMCY -2
OLOODD 50 O 14068252 02 .652=01 -0010 +33319524 03 .671=01 +0026
020000 &0 0 .142355436 02 .649=-01 -.0008 -35B2TS4TS 03 .6T7i=01 +0005
D3000C &0 0 .14389870 D2 .64%~0] -0002 -13738108B 0] -671-01 «0035
050000 &0 0 .14420789 92 .&652=01 -0005 -18457121 02 .&671=-D1 =.0068
050000 &0 0 -1445684T 02 .652-01 0009  .33498143 02 .674-01 ~Q00s
050000 &0 O 14465484 02 .459-D1 —--0010 +4B8477208 D2 .681-01 «0D05
070000 B0 0 .14461425 OZ -684=01 L0015 <563393088 02 .T06-01 -0007
020000 60 0 .14359558 OZ .112 @0 —.0004 78067594 02 -116 00 +0057
FREQUENCY2038516.0
220000 6D 5@ Ll4953242 0 .657~01 =.0002  .28%0912Z3 03 .886-0% -.0014  .14302250
230000 60 51 .L5088582 02 .46T6-01 030 L30005508 03 .498-01 017 14459947
64/11/30
D00GOO &0 51 LIS13791a 02 .65T=0L -0019 +3E513791 03 .661=01 -000% « 157235132
010000 &D 51 15189322 02 .652=-01 =.0002 +33026529 03 .6T76=01 =+003) «151086339
DZ000D0 6D 5@ 15225421 02 .649-01 «0009 +34561624 03 .6T4=01 +0017 « 15566990
Q30003 6D 51 152456821 OZ .549-01 0002 =5T495905 00 .6T74-01- -fl012 16022491
040000 60 51 15254266 02 .652-0L 0004  .15T2T202 02 ~6T4-01 20012 16497762
050400 &0 51 .E5248872 02 .&52-0 L0009 30859974 02 .676-01 -.0003 . 16937463
060000 &0 51 15231617 02 .659-0t 20003 45960994 02 .681-01 .0005  .17309181
OT0000 D 51 .L5200640 02 .679-0L -.0001 41013895 02 .703-01 -.0045 17585710
080000 &0 SL 15120052 02 .925-01 -.0006  .75933573 02 .959-01 -0002 . L1TT46981
HARIHER STATISTICS STATI0N 51
PASS DATA TYPE BEGIHNMING END HUHEER OF STD DEY
TLHE TEHE POILNTS
A00G00 cCc3 11/29-220000 11/30-080000 11 =l44=02 «166-02
HA 11/28-220000 11/30-080000 2z +26T=D2 =-269-02
DEC tE/22-220000 11/30-080000 22 - TR-03 -850-03
0000 135231 OEFLINE CONTRDL 13
0000 13523 KEY[5)
0000 13523 END DATA 1o
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ETERATION 1

SECOND MOMENT

+347=06
+103=05
2T1-0%

PAGE 2

ITERATION 1

SECOND MOMENT

+213-05
-722-05
=T23-006



JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1 IBSYS=-JPTRAJ-SPACE 022255

DOUBLE PRECISIUN EPHEMERIS FAPE - EPHEME

GHE .39860063 06 4 .16234500-02 H -, 5T4999%9-05 O .TBT49999=05 RE .63751650 04 REM .53THE3112 04
G .56709992~1% A .88781T796 29 B .83500194 29 C .B8836976 29 DHE .417T80Tal-02 AU L 14959850 0%
GHN . 490754293 04 GM$  L1327L411 12 GRY 32476627 06 GHA  429TT36T 05 GHC  .37918T00 08 GN2 212670925 0%
EGH -392560320 06 MGH 49027779 0% JA .25200000-02 HA .0000000D DO oA .00000000 00 RA  .34170000 Q%
RADIATION PRESSURE INPUT
ARA 11120000 02 BB  .95999%%9-01 HAS .25900000 03 681 -000DODOO DD GBZ .Q0Q0DOOD 90 SC .10310000 0%

INJECTIOR CONDETIONS HARS 235700551423202200000000 J.Do= 253B725.13052083 KOV. 28,1965 15 07 57.000
GEOCENTRIC X0 56532105 0% YO .21468853 D& 20-.3240D3605 08 DX0-.18839629 01 DY0 .10978653 0Z DI0-.12280560 0L
CARTESIAR TO 54476999 05 GHA 29452970 D3 GHD 66920765 02

DATE OF RUN 0222654 13525 EARTH 1S THE CENTRAL BODY FOR JNTEGRATION  COWELL EQUATIDNS OF MOTION

PROBE 15 IN CARFH'S SHADON

O DAYS O HRS. O HIN. 0.000 SEC. 235700551423202200000000 J-D-= Z43AT2A.13052083 NOV. 28,1964 15 07 57.000

GEGLENTRIC EGUATORIAL COORDINATES
X L56482103 06 Y 214656852 0% Z =.32401804 0% PX ~.188395629 Ol DY .10978653 02 D2 -.122805%% 01
R .68729131 9% DEC —.28129837 02 RA 20742872 D2 v .l1206616 02 PTH .1265D726 02 AZ  .90%2132% 02

68729129 4%  LAT =.28129338 02 LON .B&2I3L75 02 VE LIOTTSBLL 02 PTE .1316539T 02 AIE .90439077 02
585995549 08 Y5 =.12408705 09 15 -.53810146 OB DXS 427792202 42 OYS -,1084036& D2  DIS -.4TOLLOTL 0L
385234656 06 YH =.55736395 05 IH . 18665579 D5 DXH  .370581%&5-0L BYM —.92038371 0O o
XV —.19750066 D% YT 58811766 04 Z¥ 33654926 08 BXT .87298950 Ot OYT -.21550059 02 ot
RS .14755881 09 ¥5  LIDL9T6TS 02 KM .3802TL48 06 ¥i  .1010290% o1 RT  .2088324% 09 VI .25010665 02
GED -.20291938 02 ALT .49950589 03 LDS .31004215 03 RAS .2%457186 03 R&K L18662395 03 LOK .25209425 03
DUT  .35000000 02 0T .37500000 Of DR .24563294 0L SHA .62358811 D&  PES -.21387223 02 DEM .27525167 OLF
CCL  .11901320 03  HCL .211%4487 63 TCL .215T4575 03

GEDLENTRIL CUNIC

EPOLH OF PERTCEMTER PASSAGE 235700551326202356532500 J.D.x 2430720-12T70658 HOV. 28,1964 15 03 53.849
5KA —. 41538050 05 ECC  .115B0T19 Ot B .24259711 05 SLR .14169223 05  APD .000Q00D000 0D RLA  .65656862 D4
YH .309T8211 Dl €3  .9596495% 01 C1 -75152253 05 TFP 24315096 03 TF -.28142471-02 LIF —.25538937-01

TA  .23551788 02 KTA  .1497123% 03 EA  .564722590 01 HA  .10350338 01 1F1  .000C0Q00 GO

ALL VECTORS REFEREHCED 70 EARTH EQUATGR PLANE

X 55682143 04 ¥  «21466862 0% == 232403805 O& 0X —.18%39629 01 oY .10978653 02 DZ =-.12238055% 01
INC  .28132733 02 LAN .LI16364T 03  APE .24566016 03 HX r.35749T35 00 HY .93392608 0D HI =, 54843T760-02
WX 43829371 00 WY 17385554 00 WE 88185763 00 PX  .898829717 OO0 PY -.85854203-01 PI =.42960603 OO
QX .1903649%-02 oY .98093352 00 G —.19433418 00 AX ~,21994273 00 KY 151564795 00 RZI —.96202654 00
BX 45495110 0D BY .AQ3234605 00 BZ -. 38447660 00D A .59221295 00 TY .A05781%0 0D TI .00000000 OO
$X1  JTTTLD239 00  S¥{ 41972664 00 SIT —.46897763 00 DAY ~.27957940 02  RA1 28374228 02
SXD =.TT5187320 00  SYO .569724%8 00 SI0 .27295579 00 0AS .15860229 02 RAD .1426857% 03

~

BIQ  .26222561 05  BAQ 13420047 0% B .24259T11 05 THA .3ETi263Z O1 T YECTOR TN EARTH EQUATOR PLAHE

ALL VECTORS REFERENCED TD ECLIPTIC PLANE
X .56682103 0% Y .66028036 03 I —.38269493 0% 0X =.18839629 Ol DY 95837699 01 02 ~. 549485589 01
INC .%2277902 02 LAN .139343%6 03 APF .21231139 03 MX -.3574D73% 00 HY  .B5424963 00 HI —.37751494% 00
WX .&3829310 0D WY 251035332 0D Wi .73983060 00 PX  .B9BB2750 00 PY =.25060%3T 00 P2 =.3595B5650 00
Qx  .190355569-02 aY 82264020 00 QI -.568455910 0O RX -.18520855-01 RY .15001476-01 RZ =.993T1775 00
BX  «454FH10E 0D BY .5837&315 00 B ~-_ 67230762 00 X a31GATIT OO TY TT540213 GO TL 00000000 0O

CASE I LBSYS—JPTRAJ-SPACE 022265 2

SXI  LITTL0346 00  SYI -19849367 00  SI1 -.59725243 00 DAF =.3657336% 02 RAI .1%3285390 02
$X0 -.7T518328 00  SYO .63128§54 00  SID -23755519-01 O0AC .13512T46 01 RAD (4084150 03

BTC .2237948l 05  BRL -.93644400 04 8 .26259T18 05  THA 33729348 03 T YECTOR TH ECLIPTIC PLANE
HELTOCENTRIC ECLIPTIC COORDINATES
X 59001217 08 Y 13525276 Q9 L = 41570000 D& DX =.296T616% 02 0Y 21399802 02 DI —.54944132 01
R 414756169 0% LAT —-16140947-02 LDH .66631758 02 ¥ .36997382 02 PTH  .1208988% 02 Al .9873535% 02

XE .58995549 08 ¥YE 13525209 09 ZE -.33000000 03 DXE --27792202 02 DYE .11815332 02 DIE .15556812-03
AV =.13B850512 09 ¥T .20267817 09 2T 16514060 07 DXT -.190623207 02 DYT -.l1620T4p 02 DIT -22182012 00
LIE =_128124605-03 LDE .5656433559 02 LIT .17875885 01 LOT k2435771 D} R5T 26560294 09 ¥S5T -223286273 D2
EPS L651341%9 02 ESP .13988227-01 SEF 11486342 03 EFH .28249846 02 EHP  .47990158 00 HEP .15127010 03
HPS .6LS6TDAS 02 HSP 13507660 00 SHP ,1L@29416 03 SEM .615T1418 02 EHS ,11829583 03 ESH  .13270400 OC
EPT .39T85456 02 ETP .27453512-19 TEP -14021333 D3 TPS  .85283946 02 TSP .S57913484 D2 5TP 36782563 D2
SET  .B5286588 02 S5TE .35781888 D2 EST  .57931519 02 RPH 239431214 05 APT  .20333693 D9 SPN —-.29895868 0L
S&C  .22200601-09

GCE  .24098579 03 GCT  .27673355 D2 S$IP LE5283019 02 CPT .B4329569 02 SIN .B84328642 02

REP .568T29131 04 ¥WEP -11206816 02 CPE .120855B5 03 CPS  LIDLLI1911 D3

0 DAYS 0 HRS. 9 HIN- 59.251 SEC. 23570055 1646202436644705 J.D.= 2430T2B.13734075 NOV. 28,196% 15 1T &5.241
PROBE 15 LEAVING EARTH'S SHADOW
8 DAYS 19 HRS. 25 HIN. 2.979 SEC. 235T01335107202775352514 J-D.= 2438736.93888365 ODEC. 7,196% 10 31 59.930
8 DAYS 19 HRS. 2& MIN. 2.979 SEC. 2357013351072027753525!4 JuDo= 2438735.938B8865 DEC. 7+1964 10 3} 53.%80
CHANGE OF PHASE DLCURS AT THIS POINT su §5 THE CENTRAL 50DY FOR INVEGRAVION  COWELL EQUATIDNS OF KOTION
225 DAYS 2 HRS. 45 niN. 31.060 SEC. 235723202427202007527522 J.B.a 2538953.26476920 JULY 11,1965 17 52 26.060
GECCENTRIC EQUATCRIAL COORDINATES
X —-.209%2635 09 ¥ =-.22337826 08 I ~.9%651T89 QT 0% -.13367881L 02 oY -.23273616 02 DL =.10141585 02
R .21092624 09 DEC -.25722458 D1 R4 .18608537 Q3 ¥ .2B691692 D2 PTH  .34373873 02 AL 11345038 03

R LZ21092624% 09 LAY -,25722458 D1 LOH .3%4854236 03 VE .15343772 05 PIE  60890TI6-DLl  AZE .269964B0 03
X5 =.50004426 08 ¥s 13176278 09 I5 .571%0097 08 DX$ =.2763%650 02 OYS -.08687630 §1 03 -.38553931 01
XM -.16125000 05 YH -.36611200 0& 2 -, 16854550 06 DYM -.2035T7370-01 DIN =.10283720 00
XT -.21150188 99 ¥T -.2263299¢ 08 IT =.93652%49 OT bYT -.22096207 02 DZf -.10612922 02
RS .1520751% 0% ¥S  .292839%87 02 RH 40335781 D& VM L9TTHILI22 00 KT .2129154% 09 v .2511D22T7 02
GED -.25897513 01  ALT .21091986 03 LOS .27323891 03 RAS .11078193 03 RAH .26T47TBOT 03  LOH .&9935081 02
DUl .35000000 82 a7 .8639999% 05 DR .16199062 02  SHA -.20535269 09 DES .22069798 02 DEW —.24695852 02
CCE «10206468 03  MCL  -1GO00385 03  TCL .92211081 O1

234


http:0.66709998.09
http:57499999.05

JPL TECHNICAL MEMORANDUM NO. 33-204

CASE

Ax

AE

xr
LYE
EFPS
HPS
EPT
SET
SAC

REP

EPNCH
SHA
vH

TA

»*

INC
NX
o
BX

rar

x

ING
WX
ax
Bx

oip

87C

X
INC
NX
X
BX
DAP

eTa

225 BAYS 2 HaS. &% MIN.
CHAHGE OF PHASE OCCURS

CASE

225 DAYS 2 HRS- &% MIN.

x
R

EX

XE

LTE
EPS
HPS
EPT
SET
SAC
GLE
AEP

X
®
ALT
HGE
SAC

»
-
mxX X

EPOCH
SKA

IAE

1

HELTOCENTRIC

—«15952193 0%
23156289 09
250004425 08

«39B5159% 02
39965050 02
=17402737 03
«TT408314 02
=904609T0-10
25793531 03
2210926246 09

0OF PERICENTER

-16533578 03

-«15952193 0%
23492319 g2
+214456T739-02

—--A7588406 0D
«AT568416 00
~203T220% 02

-18165617 09

-«15952193 09
«13177922 00
«2L446737-02

~-47568391 00
27568413 00

- 1764579301

«18568398 09

17224305 09
« 17264500 O
-.19598038-01
=+45310362 00
-45810368 00
~.397082438 00

-1B550465 a9

i

GEDCENTRIC

—=20952635
=21092624
=21092624

=2500054427

-«16125000

-«21150188
«l5207519

= 25897513
-35000G00
«LOZ084558

0%
0%
a9
o8
05
a9
09
al
a2
03

HELIDCENTRIC

=.15952193 09

=+16L49T45 09
~10350887-04
«39857594 02
3996585t 92
-17402783 03
«TT408312 02
+904560971-10
«25T93531 03
+2109262% 09

AREQCENTRIC

«19755240 07
«20000000 07
19966220 O
«3EOL4Z50 O3
«I04560971-10

—28159035 Q&
«1999999% 0T
20000000 QT
«99052002 02

OF PERICENTER
—«2311486Q 0%
3119555 01
-B3125959 02
-156E848501 03

¥ —.15T78Ta%8
LAT
YE
T
LDE
ESP
H5P
ETP
STE

~+16351901
=.E6810954%
228919679
«62T34623
525679107
«59161249
+39544090

GCT
VEP

+8T2lo%19
-28691692

PASSAGE
ECC
c3
HTA

226308500
. 6761TILS
+12000000

¥ -.15810060
LAN 30826009
WY -.39862036
+44210871
== %42108TH
-9699595%

BY
Rap

BRi

=]

=JBRETEIR

P

—.16787898
LAN .586820811
HY
Qr
BY
RaP

«4B8287887
~«4B287899
611251355

BRC  -&2323416

¥ -.15479958
LAN  .31941926
Wy
qy
ay
RAP

- 8841500
-82841512
«15271034

BAD =.5&442254

Y -.22337827
257224568
-.25T722458
-12176278
~+364611200
—.22632995
-29283%a7
«71091986
« 38400000
+1BOODABS

¥ —.16TAT898
LAT
YE
7
LOE
€SP
MSP
ETP
STE

—a 14361901
—+1661096%
«28%19679
-62TI0623

«3954%090

GCT
VEP

-8T7216416
«20631692

¥ .23085303
DEC -.60269085
SHA -.12817149
SYL 459718631

¥ 13702251

DEL  .1B96T598
LAT .18967596

. DEE .25B85251

PASSAGE
ECC
c3
HTA
ZAP

-11133878
-EB592960
20514614
L&5ATETS

31-060 SEC.
AT THIS POINT

2501310246~

o9

+50131026-01

e
o

a9
o3
oz
a2
ol
02

a2
oz

ao
a3
o3

09
(1]
i3]
[
oo
a2

os

o3
a2

-.83096762-03

[1+]
[+s]
o2

[+

o9

o
by

-« 22880996-01

00
a0
03

oT

31.060 SEC.

08
al
(118
£9
as
o3
oz
03
D%
03

a9
ol
09
09
03
0z

a2

02
oz

08
ol
a7
al

or
[+F4
[+F4
a2z

[15]
e
w2
03

B
1
EA

i
APF
L1
G
8z

3

13}

1pE
wI
ol
BI

IBSYS=JPTRAJ-SPACE 022265

. 20262100
226456218
» 28500000
«41261150
= 10L&L545
« 1T50TT60
« 77355039

as
43
02
06
00
02
[1¥4

« 5462577501

« 53047593

- 13973033
=918690L4

02

03
02

CPT
CPS

«14266170
«21212505
27634650
=l3alll6s
=22614924
-10835236
+ 15847546
-13982710
+210B6426

93937702
82500257

HEL IOCEHTRIC CONIC

235700240650202547527522 J.D.= 2438723.37336585 NOV.

+ 18568447
- 48993033
+ 16159515

- 66606276
-608435T5
«9LTL1352
» 19420888

-+ 19420890

-185566449

-20252100
» 35230551
- 39999735

« 22793191

a9y
10
03

D8
o2
[:11]
on
on

a9

06
a3
oo
02

—e 22TIIL96-02

+ 18568446

= 16642050
- 19329738
- 99954506

a9

[:1]
03
oo

-.29319061=01

+29319065-|

» 18568448

ol

09

SLR
TFP
HA

ox
HX
PX
ax
™

THA

T

ox
“x
PX
RX
™

THA

ox
Hx
PX
RX
™

THA

180356375
«1986088%
« 15749984

Q2
Q2
oz
o2
03
oo
a3
03
o9

02
0z

(]
a8
a3

ECLIPTIC COORDINATES

DY -.15698153 02 DI -.436423%2-01
PTH 41969292 Q1 AL .90121874 02
DYE .9689066% 01 OIE .1101DT&6-07
DYT =.1%4725897 02 OIT -.76102304 Q0
RST 23311467 09 VST ,23588180 02
EMP  .98TBA596 02 HEP 4B8110Tlle 02
EHS  .2146891F 02 ESH  .55952909-01
TSP 31713545 00  STP  .3935573l1 02
APT 419999992 07 SPY 39855862 02
$IN  .93B40923 02
23,1964 20 57 35.810
-2337503% 09 R ~14T47T14 09
TF —.475T1538 OL PER .52542087 03
TFI  -2251142% 03

ALL YECTORS REFERENCED T0 EARTH EQUATOR PLANE

214266770
« 72491694
«48287950
« 7931470
-85713101

11956381

o2
00
(0]
[+14]
oo

oz

DY =-.14384053 02

HY -.53112116 DO
PY .80351821 Q0
RY .29938215 00
Y —-5150944T 00

-+562056916 01
X -,27800995 QD
PL  .34311732 0D
RI =.93745086 0D
TZ .00000000 QD

T VECTOR 14 EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TO ECLIPTIL PLANE

«1&266TT0
2724915693
«482BT9RY

02
a0
a0

=+ E4BT0399-03

287563672

=13059492

o0

oo

BY -.15698153 D2
HY —.5888329% DO
PY .BT56B647 OO
RY —.269656991-03
TY -.48287963 0O

DI —-%3542342-01
—e21271140-02
=+ 30795250-03
RZ ~,99999359 00
T .00000GOD 0G

T VECTGR IN ECLIPTIL PLANE

ALL VECTORS REFERENCED ¥0O DRBET PLANE OF TARGET

= 15289944
66315475
—. 88868259

a2
(1]
[1]+]

«Bb1581175-02

« 45848135

235831986

o0

03

14659711 02
~T4341242 00
-55847028 00
RY -.3E76355T-02
EY .B4BT0%03 0O

+563605690 00
MZ  _3011E211-01
PZ =.59293238=D2
RI =.99%97587 00
T .0000000C QD

T YECTOR 14 DRBIT PLANE OF TARGET

2351’23202‘.2?202007527522 J.D.x 24308953,28476920 JULY 11,1985 1T 52 28.060
HA

z
RA
LON
rs
IH
Fag
RH
L0s
DR
IcL

z
LDN
18
7
LTT
SEP
SHP
TEP
EST

SIP
LPE

z
RA
AL
HKG

4
RA
LaN
KAS

8
1

IS TKE CENTRAL BODY FOR INTEGRATION

T8SYS-JIPFRAJ~SPACE 022265

COWELL EQUATIONS OF HOTIDN

235723202627202007527522 J.Dax 2438953.25476920 JULY 11.196% 1T 32 28,060

e 946561TI1
«1B80B53T
» 36854236
«5TE40097

= L6855537

= 31652949
40336780
27323891
- 16199062
«92B11038

» 20262100
-« 22646218
« 27500000
«%1251150
=10141 485
+ TT40T T80
- 77355038

ar
03

oa
06
o7
06
03
a2
aL

02

= 54625TT5-01

- 63067594

- 13973032
« 718557014

=, 20999099
-55597225
- 17289476
+1540198483

- 65005682
- 985561968
- 21477832
»14029908

oz

03
o2

(i1}
ol
a3
a3

13
a2
a3
03

X

-

YE

DM
DRT

YH
RAS
SHA

DX
v
DXE
oxT
LOT
EPH
SER
TPs
RPH

et
Ces

X
v
DR
5IA

ox
v

VP
DES

—s1336T581
28691692
- 15343772
=+ 27634650
+FT207451
—a 92234842
«3T7TL0948
=11078193
—-20585269

+ 14265770
21212605
27634650
+1B411168&
»22614924
-10812639
+ 15847546
135992710
+ 21086426

+93937700
+B2500245

=2k 1443964
43169362
—. 52811324
17393110

-107314629
+h3169362
213459592
+ 15866048

AREDCENTRIC LONIC

oz
az
ab
02
g0
0
00
03
09

02
o2
oz
o2
a3
aon
a3
03
o9

02
02

(123
(123
ol
03

(13
al
a3
0z

EQUATOR1AL COOADINATES

DY —-23273616 02

DI —-10L41585
AL .11345038
AZE  .26996430
DLIS —-38558930
0N -.10283720
02F ~.10812922
VI 26110227
LDM  .569934925
DEM =.24696632

oz
03
03
al
L] ]
174
02
02
o2

ECLIPTIC COORDINATES

DZ -.4)642342-01
AL .90121874 D2
DZE .110107646-D2
DIT —-,7610230% DO
¥ST .23588160 J2
HEP .Bl107L16 02
ESK  .55952909~01L
SIP  .39855791 02
5PN . 39853801 OZ

ECLIPTIC COORDHINATES

PTH 34373873 02
PFE -56049C7156-01
OYS —-.88BAT6Z9 QI
DYH -.20357370-01
oyT —.22095207 02
RT  .21291543 Q9
RAM 26747792 03
DES .22069798 Q2
DY -.15698153 Q2
PIH 41969292 OL
DYE -96890667 O1
DYT ~.14725697 D2
RST 23311467 09
EHP .98T8455T7 02
EHS  .21468911 02
TSP 31721256 00
APT 20000000 OT
SIH  .93840926 02
DY =.91225593 00
PTH =.B2615601 02
oF  .1589%875-04

124
Az
AS0

- TLTABCSS OO0
29904469 03
«957T3545-D1

AREDCENTRIC EQUATORIAL COIRBINATES

DY =.40344328 01
PTH —.B2615601 02
eTP —.1822729% Ol
LDE .21526835 03

DL
Al
AZP
LOS

~-L1D98912T OL
=30389252 03
=2TOE3ILTIT O3
«256%1603 03

Z3572358253720240352T522 J.D.w 2430958-55775496 JULY 17,1965 G1 23 10.029

«25T34To4
« 11096716

06
ot

EA —. 15702370 03

LAC

«939462530

oz

SLR

- 28651617

1]

TFP -.5590%197 06
HA —. 49063444 05

DEF

235

=10233511

oL

«00000000 0D
TF 23082723 03

IR +519871TL 04

RLA 25504654 06
LIF  .2303979% 02
TFl 422511424 03
GP  .B4T49242 01



JPL TECHNICAL MEMORANDUM NO, 33-204

CASE 1

X L19755248 0T ¥ .29516T8L 06
IHNCL  1T35781L 03 LAY .34133582 03
HX ~.3536TT90-0t kY =_1062T491 OO
QX ~.96246738 00 QY =_26421408 0O
BX «27778184 0O BY -.9551T919 ¢O
SXI —.94001118 00 Syl =.27251309 02
SX0 —.9658459% 00  SYD —,25559374 00
ETE .32002128 02 ETS .14295957 03
870 —-25622962 06  BRQ —,23855108 05
X 19755248 07 Y .23066303 06
INC 215038975 03 LAN .35595333 03
MHX =.358857T158=01 HY —-.49285372 00
QX =.96246739 DD QY ~.21772505 00
BX .2777819% 0O BY -.84043526 00
$X1 -.956001119 00 5Yl =.2252081%8 00
SX0 -.95484595% 00 5Y0 -.21014295 00
ETE 56838743 02 ETS .16578618 03
BIC -.22689508 06 BRC ~.12143301 0&
X —.2315%G31 05 ¥ 19720736 O7
INC  .14925252 03 LAY 90054571 02
Wi 51125324 00 WY .6B695213-03
OX  .2412562% 00 OY -.9598718T G0
BX  .82267265 00 BY .239048239 Q00
SR .24865517 00 ST -.95731435 00
SX0 .233B3784 00  S5YD -.96235143 00
ETE .5635027L 02 ETS .1&729771 03
BTO -.22351396 06 8RO -.12737582 06
X ~.22159081 06 ¥ .18703260 DT
INC  .1%172193 03 LAN .12&35140 03
HX J51125371 o0 WY 36931902 o0
QX 25125622 00 0¥ -.93510115 Q0
BX  .A226726T OO BY L&5075067-01
SX1  .24855516 00  SYI ~.9345543T7 0O
5xD .23383741 00  SYD -.93557250 00
ETE .562416562 02 ETS 173358400 03
BYF -.20890033 06 BRT -.15029387 0%
230 DAYS 10 HRS. 21 MIN. 2.322 SEC.

CASE 1
GEOCENTRIC
X —.21527995 09
R 121831805 09
K .21831805 0%
X5 —.62405360 OB
XH  .35175000 06
XT -.21534706 09
RS .15203551 09
37740790 OL
ouT  ,35000000 Q2
CCL  .101T75299 03
HELTOCENIRIC

X =.15279459 09
R .2322&114 09
«62455360 08
XT -.15266250 09

LTE ,13924623-03
EPS 39288420 02
MP5  .33355420 02
EPT ,97133889 02
SET . T75244838 N2
SAC  .B9948905~-10
GCE .25824700 03
REP .21R31805% 0%

AREOCENTRIC

X .467905585 05
/R .25337335 0&
-25999535 06
32071056 03
~89948905-10

X «2084%4761 06
R 25337335 06
R .25337335 06
10224721 03

EPDCH OF PERICENTER
SHA =.23152535 D&
YH .43084458 D1
TA .25613208«D5
ZAE  L159T8T3I0 03

¥ -a33370439 08
DEL =-.374£6067 01
LAT 37435067 O1

¥Ss 212714259 09
¥YHM . 16575950 06
¥F -.33127602 03
¥5  .29292839 02
ALT  .2183116T7 09
AT .9599999% 03
HCL  .EEDOL4ST 03

Y =.174899212 09
+45918719-01
-.130860420 09
—-175685628 0%
=29628664 03
+6340T6L1 02
+655979E1 D2
+BZBD0138 02
+393002%3 02

oer
VEP

6265244 02
=29382266 02

¥ -.21290933 05
DEC  .28Ll15064 02
$HA  .22543665 05
SVL -.2810%262 02

¥ 13603512 05
DEC  .3ashB28& 02
LAT  .3466B285, 02
DEE  .246T71511 02

PASSAGE

ECC  -11043455 03
«18562705 02
+9051881L7T 02
14321075 03

<3
HTYA
AP

~

APF
w2
12
H

SII

ETC

8z
SII
sI0
ETC

)

|4
APF
wi
[+
B2
stl
50
ETC

n

2357235626562025651147325 J.Dax Z438950.561T9771

z
RA
LON
15
M
LT
RH
LOS
or
TCL

LaN
RAS

2357235‘2666202&5101’-500 JuD.= 2438958.561797T70 JULY 1T.1965
51

188YS=JPTRAJ-SPACE 022265

-. 10088514 06
+56319054 02
~a99372528 00
«62027655-01
«92512715-01
«562061092-01
+561189193~01
+23281654 03

~25T3476% 06

= 20999099
- 10857026
. 86940663
- L6202702
246530000
- 16621285
- 15182811
- 25545315

(1]
02
oo
oo
[1]+]
00
o
03

=25734764

-+ 16639353
= T3T6050%
= 85742896
=14297356
=4895515%
= 14737685
«13855914
«25716468

06

« 25734764

~ 565008682
1171325
—. 16501359
- 25957699
«S66T7865
—a 2565165654
—a 26862050
26323097

225135704

125YS—JPTRAJ-SPA

ALL VECTORS REFEREHCED FO EARTH EQUATOR PLANE

DX —.4144396% Q1
HX .15201859 Q0
PX  .26915820 00
AX —.604556938-01
TX —.27335371 0O
DAL 36040509 01
DAOD  .3508D731 a1

THA .18531872 03

DY -.117740%2 O
MY -.98332328 00
PY —.95353092 00

/Y —.17183313-01
Y .9619135% 00
RAL  .1958639Z 03
RAD 192483730 03

~27123T758 00
HI  .99828441-01
PL .93073574-01
RI —.99802227 00
T .00000000 QD

T VECTOR 1N EARTH EQUATOR PLANE

ALL VECI’ORS REFERENCED TO ECLIPTIC PLANE

OX ~.41443964 O DY =.97225593 00 I «T173805% QO
HX  .15201B45 OD BY -.B86242815 00 MI 48281090 OO0
PX  .2691%A0B 00 PY -.84242503 00 PI .4%6677369 OO0
RX —.16181709 Q0 RY -.37972099-01 RI —.9860898% 00
TX —-22045947 Q0 TY 97355343 00 TZ .00GOD00D OO
DAl- .95676%99 01 RAL .19320633 03

DAG  .9DBOB550 ©1 RAD .1922874% 03

THA .2081553% 03 T VECTOR IN ECLIPFIC PLANE

ALL VECTORS REFERENCED TO ORBIT PLAHE OF TARGET

DX 10731639 01U ¥ —.%1327579 Ol DI .53605730 QD
HX  .B47817682 0O Ky 16353327 00 NI .50443871 OO0
PX  .8248720% Q0 PY ,280438256 DO PZ 49085507 0O
/X  .37050490-01 RY —.14264319 DO RI -.9890804T 00
IX =.967808319 00 TY —.25140034 Q0 1Z  .00000QD0 OO
DAT  .84T7%9191 O] RAL .2045603% 03

DAD .1964%785 OL RAD  .2R365738 O3

T ¥ECTOR IN OABJT PLANE OF TARGET

THA .20966685 03

ALL VECTARS REFERENCED

DX .1D731639 01 DY —.40344325 01
MX  .84751858 00 MY —,.55648232-01
PX .824BT278 OO PY .55567T8651-01
RX =.65441935-D1 RY 24595348 00
TX =.96537878 00 TY -,257122462 OO
DAL =.1547549%5 02 KA L.2B48993% 02
DAQ -.15354397 D2 RAD .28403305 03
THA  .21573316 03

CE 022265

=-«14273386 08 Ox —-.116T4219 02
-18881126 03 ¥ 229382266 02
-23189716 03 YE .15863321 05
+55144967 408 OX5 —.26668940 02
~- 11054600 06 DXM .4540l%06 OO
-. 14293221 08 DXT -.74922993 OL
=4062%56820 06 VH  .FTMESH1 OD
= 15925455 Q3 RAS .11616855 O3
« 15997919 02 SHA -.2111T457 09
32801726 03

+ 182046950 D& DX 14986720 02
-2288590% D3 ¥ 21087651 02
236950000 G3 OXE .26664940 02
« 52669500 05  OXT  .1917T25641 02
1546952401 LOT 22861184 03
« 15302956 02 EPM  L64TL9595-01
« 751506066 02 SEM  ,14310437 03
«&5610602-01 TPS ,623154820 02
«85454800 02 RPM  .21863250 09
« 62050924 02 CPT  .4&T739595 02
+9LE548633 02 CPS .B2009783 D2
-11540051 D& 0X -.%#185%201 O1
+2B768963 02 ¥ .43476369 01
+ 16413254 03 DR .46250914=0T
«58B04&24 02 STA .96369993 02
« 14333668 05 DX  .10420695 01
+3T338874 01 ¥ «%34T463566 OI
-54251868 02 VP .1398245T OZ
+15291916 03 DES  .1501T73T18 02

AREDCENTRILC CONIC

-2556TBIL 06
- 11015753 07
« 00000000 O
+9895058¢ D2

236

+28235053 D8
+85103545%-03
4694 EE259-04
=10376917 01

'I'FF
HA
DEF

T YECTDR IN TRUE TARGET EQU.

TO AREQCEHTRIC EQUATDR PLAME

D2 -.10989137 D1
ML  .52735349 00
PL 56246930 00
RI —.9670633T 00
12 .0Q000000 OO

PLANE

JULY 17,1965 01 28 59.322

EQUATORIAL COORDINATES

oY
PTH
PTE
ars
DYM
o¥T

RT
RAN
DES

—«24T13026 02
«32988016 02
~57T8254¢5-01

~+11125267 02
«T9613352 00

=~ 23570404 02
221834967 109
«33476820 03
21266347 02

02 ~.107T97T55
AZ 211331624
AZE 26996576
DIS —. 48248760
DZIN .32725155
a7 -.11052582
Vi 27089815
L0H . 1T85409%
DEH -. 15869099

a2
03
03
ai
[:1:]
o2
o2
o2
02

ECLIPTIC CODRDINATES

DY =.14835227 02 DL -.5T264805~01
PTH 35678491 01 Al .90158692 0Z
DYE 12126476 02 DZE .25510788-03
DYT -.13895480 02 BIF -.T5217268 09
RST .23212549 Q9 V5T .234690830 @2
EMP 30905585 02 MEP .14102776 03
EMS  -16805380 02  ESH  .91192092-01
ISP .55071707-01 STP  .11712955 Q3
RPT  .25337335 06 SPN  .39287755 02
SIN 46975659 D2

ECLIPTIC CODADINATES
DY =.93974701 00 BI -70490804 Q0
PIH .00000000 OO AL .2BD5927% 03
OF .94313%03=03 ASD  .T6389518 00

AREQCENTRIC EQUATORTAL CODRDINATES

OY =.4067121% 01
PTH 2945641208
PTP =.459749681=0T7
LDE .15275519 03

-00000000 OO
«23043127 03

APO
iF

IR 52012245 04

=.112898667 01
AL 225164103 03
AZP 226585315 03
LOS L 192343714 O3

173

o] 26 59.321
RCA  .23337335 D6
-23050201 03
-23053127 03
«B58332146 01

LIF
TF1
GP


http:32988.16

JPL TECHNICAL MEMORANDUM NO. 33-204

CASE

X L6T905585 05 ¥ —.24283757 06
INC .I1T33lb4dd O3 LAN 24251734 03
WX =,.34382493-01 HY =.11E19170 0O
Qx -.96280351 OO QY -.242814%9 00
&X  .2T6¥1320 00 8Y -.95599888 00
SXI -.96023725 00 SVI —.2TL40216 QO
5X3 —.96519082 00 SYD —.25412526 00
ETE .46309492 02 ETS .144138%0 03
BTG -.25445631 06 BRO —.24965733 05

X 67905585 05 ¥ —.21290933 D&
ENC  .15010070 03 LAH  .35505388 03
WX -.34302493-01 k¥ —.65T16255 00
X -.96280351 00 Q¥ -.21615121 0O
BX . ZT&T1319 OO0 AY —.03330711 OO
SXI -.96033725 00 SYI -.22375123 0D
SX0 -.965194982 00 S¥YD —,20853347 00
ETE .6923530% 02 ETS .1669852Z7 03
BIC —.224T9983 06 BRC —.12130449 06

-

X 20844761 06 ¥ 70722138 05
INC . 14894955 03 LAN .90114076 02
HX  .51549237 0O WY .10263TZ8-02
Qx  .2395B435 0D QY -.94025502 0D
BX .32D4B545 00 BY .Z8780539 00
SRl 24712597 00 5Y1 —.55768820 00
$a0  .232227110 o0 SYD —.96274309 00
ETE  .70745116 02 EFS  .L5B49503 02
810 =,22151246 06 BRO -.12768525 06

X -20044761 06 Y 13603502 DS
INC .1414879¢ 0} LAY .12402029 03
WX 55589236 00 HY  .34928090 00
QX  .23948636 00 qQY —.923547863 0D
BX  .B2048545 OD AY .562158088-01
SXI  .24712%97 00 S¥1 -.93495411 00
SXD  .23722710 0O SYD -.93592642 00
ETE .76774132 02 ETS  L1T452404 03
BIT =.2068T420 05 BRT -.1502449Z 06

Z30 DAYS 10 HAS. 28 HIY. 31.060 SEC.
CASE 1
GEOCENTRIC

X ~.21528519 09 ¥ --33381530 0B

R 21832523 09 DEC —-.37497550 D1

R 21832523 09  LAT =.37487550 01
X5 =.5249T325 04 ¥S  L12715759 09
XM .35195200 {6 YH =, 16540250 0%
XT =.21535122 0% ¥T -.331381490 08
RS .15203347 N9 ¥5  .29292856 02
GED —-.3TT52)55 0L ALT  .2183)a86 09
Ut .3500000C 02 DT .95999999 D3
CCL  -l0175263 03  MCL -18001457 03

HELIDCENTRIC

X =.152707BT 09 = 17T490586 09

R 23224173 0% 'LAT .464913615-01
XE .6249732% 08 YE -.13859936 09
XF =.1528%389 09 ¥T -.1T459252 09
LTE  .13925627=03 LDE  .29477144 03
EPS  .39208459 a2 ESP  .65410233 02
HPS  .39354758 02 HSP 465500652 02
EPT  .95693183 D2 ETP  .A3240775 02
SET  .75242820 02 STE -39300033 02
SAC  .B9T484%8~-10D
GCE  .25H24731 D3 GET 46042143 02
REP .21632%523 09 YEP .29382748 02

AREOCENTRIC

X 6802T186 9% ¥ =.21333097 08

R .253280719 06 UFE  .28195287 02
ALT  ,25000279 05 SHA 22459740 06
HGE .320T111% 03 SYL —.28513905% 02
5AL  L.B994B448-10

X L20891517 06 Y 11778435 05

R .25338080 05 OEC  .3432828% 02

R .25138079 04 LAT .14328245 02
RAE  .10225037.03 DEE 2467158t 02

EPOCH OF PERICENTER PASSAGE

SHA =.23152520 0% ECT  .11043662 03
YH  L43085471 OL €3 .l@562716 D2
TA  L44115593 00 HIA  .9051881l7 D2
IAE .16970623 03 ZAP  .1&4320822 D3

[BEYS—JPTRAJI-SPALE 022165 7

ALL VECTORS REFERENCED T0 EARIH EQUATCR PLANE

1 25835528 05 Dx —.41859201 01 = 11426220 0L DI .272327142 OO
APF 57372230 02 HX —-,496280351 Q0 H\’ = 262081445 00 HZ .62753035-01
WI -.99320403 00 PX 26400603 80 PY —.9584179% 00 PL  .9BOL9490-01
Q2  .52753035-01 RX ~.51233094-01 RY ~.17311473~0t RLI ~.9979730% OO
BT  .9TWAT2456-01 Ix =.27203356 Q0 TY .96228777 00 T¢ .ooo00Q000 OO0
LI - 635636026-01 DAL .364355%% 01 RAL  .19578531 03
SI0 .5136289G-01 DAD L3546TAT3 01 RAD .19475065 03
ETC  .23230735 03

5 .25557811 06 THA  .195560358 03 T VECTOR IN EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TO ECLIPTIC PLANE

Z Ll1%4Q0561 06 BX -.41859201 Q1 —.93974¥01 00 0DI  .T0%9080% OO
APF  .TI0E3T29 02 HZ -.96280351 QD H\‘ -.21615121 0O HI 216213590 00
HZ -, 36597247 0D Px 26800602 4D PY —,.084029800 DO PZ 47124277 00
02 .1&213590 00 AX =-_14205584 00 RY =.37T5T772-01 RI -.03505894 0D
BL 48975632 00 TX =-22691466 00 Y .913%1465 DO I  .00000000 QD
SZI .16639635 00  DAT -95783617 Ol RAI .19311549 03
5I0 .15786215 D DAD 90423306 01 RAD  .1921915% 03
ETC 25565617 03

B .25567811 06 THA 20845029 O3 T VECTOR IN ECLIPTIC PLANE

ALL YECTORS REFERENCED [0 DRBEI PLANE OF TARGET

2 12548319 04 DX  .10420693 0L DY —.4LlT&B4D2 «+5218903% 0D
APF  .7388991T 02 MX  .23968636 00 BY -.96025503 DB Nl =-14304100 00
WI =.0836A935T OO PX  .82268951 00 FY  LZI91Z224 DD PL  .4%9225014 0D
QI .14304100 00 RX  .35B5%198-01 RY -,14284053 00 RI -.98905911 00
81 L&7393461 QO TX -.956562820T 00 TY -.24985965 00 TI .0DOCA0OD OD
510 .14751961 00 DAL .B&B3ZI2T 01 RAI .28445920 03
520 . 13355065 00 DAD 79639885 OI RAD .2B356148 03
ETC  .25T15398 03

B .2%567811 05 THA  .20996021 032 T YECTOR EN  ORBIT PLANE OF TARGET

ALL YECTORS REFERENCEB TO AREOCENFRIC EQUATOR PLAKE
D.

L 14339464 06 DX  .10420492 6} ~.&406TE214 OL Z -.1128956&7 O1
APF  .1146469% 03 MX  .23988636 00 HV ~.?3547864 00 259671318 00
WI =.TA247T1% DO PX .B224B953 00 PY ,53689554-01 6594997 0O
QZ -.25961311 ©Q RX «_.86506532T-01 RY .24608643 00 +95706279 00
Bl .56327810 00 TX -.348797T4 00 TY ~.25554284 00 TZ .000000D0 GO
SI1 -.2545378T 00 DAl =.14746201 02 RAI ,28430575 03
520 -.264T74719 DO DAD =.1535430T7 02 RAO .28393511 03
ETC  .26319299 03

8 25567811 G5 THA  .21598922 03 T VEGTOR [N TAUE TARGET EQU. PLAKE

ZIFT2ISHIVGTR0Z00THZTH22 J.0.= 2418958.560699143 MY LT.1965 01 3& 28.060

185YS—JPTRASJ-SPACE 022265 a

EQUATDRIAL COORDINATES

1 =. 14273223 o8 DX =, 116¥6525 02 LY -.24T14124 02 0l -.10780385 02
RA . 13881394 03 ¥ .293B82T748 D2 PIH  .32987TIZ 02 Al L11331438 03
LON .23002497 03 VE .15863822 DS PTE .577799a4-0L ALE 26995476 03
25 .5%142802°DE  DXS «.26663893 02 DYS -.LI127437 02 DIS ~.40258048 01
IH -, 11039887 06 DXM -45305943 00 UYH 79657650 00 DIM .327550D5 Q0
2T -.T4303181 DB DXT =_74905242 01 DY -.23571790 02 T -.11053182 02
RH 40424757 05 VM .ST317924 00 RT  .21835491 09 ¥T .27090775 02
LDS 13733492 OF RAS  L.1lel73ds D3 RAH . 335E284%5 O3 LOM  .16039501 02
DR L I5997706 0Z  SHA -.211171983 09 DES .21265476 02  DEM —.15846649% 02
TCL  .32779482 03

ECLIPTIC COURDINATES

1 . 13204450 0§ DX -1%937368 02 DY -,1482%143 02 DI -.57407433-01
LON .228RGL3T 03 ¥ .21087349 02 PIH 35668485 01 A2  .90F59081 02
IE 136950000 03 DXE .26663893 02 DYE ,.12128819 02 DIE .25391578-03
LF  .62328000 05>  DXT .I9173369 02 DYT -.13894648 02 DIT -.76217318 00
LTT .iSiasshs-0L LOT .22801445 03 RST  .23212452 09 VST _2349093F 02
SEP . T7530090% 02 EPM  .65351990-01 EMP  .38847295 02 NFP  .14108616 03
SHMPR L ¥5144585 02 SER  .ls3d47a3 03 EMS  ,35860732 02 E5M  .91192092-01
TEP .66351990-01 TPS 62413076 Q2 ISP .5%514057=u1 SI?  .117526%9 03
EST 165457144 02 RPM 221363992 a9 RPT .253308079 06 SPN 39287185 D2
SIPF 61434202 02 CPT  .a?755t963 02 SIN .4508804B 02
CPE .9L153933 02 (25 .LA82009314 02

ECLIPTIC CODRDINATES

L L 1971690 OO UX -.41860009 01 8y —.9395%461 00 DZ .704T76573 00
RA  L.28719T60 O3 Vo L A3aT63TER 0L PIH 43719955 CO Az  .78035057 03
ALP 16379697 0} DR .33174608-01 DP  .983DB158-03 A5D .7638T7384 DO
HNG  .53310008 02 SIA  .95929314 Q2

AREQCENTRIC EQUATORIAL CODROIHATES

1 .14289000 06 DX -1041822% 01 0¥ —.406T1375 o1 DZ ~.11291355 01
RA . 32268656 01 ¥ .434763TL 01  PIH 43719955 00 AT ,25135458 03
LON .51903004 02 VP .19C02142 02 TP 10002983 QO AIP L265B0524 03
RAS .1429Z172 03 DES .I5016530 02 LOE .15092650 03 LOS .19159786 03

AREOCENTRIC CONIC

2!572!562&662(12&5].705722 JaDex 2438953.56L79T7T JuULY 17,1965 Ol 28 59.327

B .25567811 04 -28235069 08 APD .00000000 00 RCA .25337335 05
Cl .11D015757 OF ‘IFP +44%873259 01 TF  .2304312T7 03 LIF 23040201 03
EA  .43718589 CQ MA  L4TB44590 02 TF1 23043647 03
ZAL  .989505TD DZ CEF 10378332 01 IR 52012236 04 6P .84332033 01

237



JPL TECHNICAL MEMORANDUM NO. 33-204

IB5Y5—IPTRAJ-SPALE 022265

CASE 1
X 266027186 05 ¥ =.24335024 06 2 24957948 05
INC 17331641 03 LAN .34281740 03  APF .57372299 02
WX -.34322542-01 WY -.11119166 00 NI —. 99320404 00
ox -.9%4280352 00 Qy -.2628L44%1 0D Q7 -627528569-01
8% 227671310 00 BY -.95593390 00 B2 . 9T44T249-01
5%X1 -.96033726 40  S¥1 -.27148208 00 SI! .63637859-01
5X0 ~.955190683 00  SYD -.255412519 00 SID .51862732-01
ETE -46%03853 0! ETS .14413949 03 ETC .23280735 03
BTG —.2544%630 06  BRO —.24985732 0% B 25567811 06
X%  .66027135 05 ¥ —.21333097 06 Z -119T1653 06
INC  .15010870 03 LAN .35604390 03 APF _T1013749 02
WX -.34382543-01 WY —.497156853 OO I --B669T250 00
qx -.96280353 Q0 0y -.2161512L QD QX -16213572 OO
8%  L.276T1310 00 BY —.683830TL3 00 B .469756)4% 00
§XI —.956033727 00  SY] =.22375123.00 SI1 .1661961T 0O
SX0 —-.96519084 00 SY0 -.20853347 0@ SI0 . 15785198 OO
ETE 59250686 02 ETS .16698631 03 ETC .2556541T7 03
BTC —-22479982 04  BRL -.1Z180%%9 06 8 .25567811 06
X .20891516 06 ¥ .638B4BT0& 05 Z  W125T5220 0B
INC .14895956 03 LAN .90114108 02 APF .73389938 02
WX .515649223 00 WY .10288541-02 WI -.B8558936% 00
ox .23964664 00 QY —.95025498 30 Al . 14305073 0O
BX  .520485456 OO0 AY .28T780600 00 BZ .4%9393454 00
5X1 .2Z&T12624 00  SYL —-95T68817 00 SII .14751939 OO
5X0 .2322273% 00  5YD ~.9562T4305 00  5I0 .13855045 Q0
ETE .TDT604T2 02 EFS .1&849611 03 ETC .25716397 03
810 -.22151248 06  BRD «.12768523 06 B .2556T811 06
X .2089151&6 06 ¥ .11778438 05 I . 1428%000 06
INC .14148793 03 LAN _124)2032 03 APF .1145656%5 03
WX 51549222 Q0 NY  .34928120 00 Wl —-. 78257710 Q0
QX  .2239636464 OO0 qy -.9354T451 00 G -.25967335 00
8X .B820445456 00 BY .62158233-01 B .54682T7807 00
S5XI 264712624 00  SYI -.9349539% 00  SZI —.2545380% 00
SX0 .23222738 90 SY0 -.93592631 00 520 -.26478736 00
£1E  .T678949% 02 EFS -17452513 03 ETC .2631929% 03
BIT -.20687620 06  BRT -.15024491 05 B .255673I1 06
Z15542322304 214412017045 514626031734 60731460721
21189308915 1714810859072
2Z0TT5513340 622733565354 217604377240 503414100151
U HATREX FOR HAPPING FORWARD
X ¥ I Dx
X —.1424086208 05 .32R33TTS 05 12763540 05 ~.32201795-01
Y ~.550T73909 05 .15447656 05 .55T44004 Q4% -.L27T0882-D1
Z «B2201993 05 -,217562468 0S5 ~.91111089 0% L1851793t-01
ox «37202730 08 -.51210268 OT =.23455938 07 .BO190345 01
oY -.22529723 09 .544T3221 08 .215330565 08 -.51212853 02
174 +25683068 08 -.66539341 QT =.19982535 07 .590T12st O1
HM SZ15ET4BI6 11 10468359 12 .T40625055 11 -.14330000 06
AU —.46BTSOO0 00 -. 71375000 D0 —.2958T500 0O .L13511045-086
COVARIANCE MATRIX AT {HPACT
H Y I ox
X «10637680 05 .22420325 05 12501384 05 -.29514010-02
Y «22520325 D5 .BBIATOST 05 .4&T3eD61l4 O5 ~.25379472-01
i -1250138% D5 .4TIS06L1% O5 .L3&TT2597 05 -.117134876-01
DX -.29614010-02 —.283T79472-01 -.L11T13876-01 .20777808-07
DY +15642050-02 .16219363-01 .751T74238~-02 ~-.l2004298-0T
DI -.28551890-D2 —.11518833-01 -.98098615~02 .ZT6556056-08
KK -20474894-0T .18456361-06 .T74625093~D7.=.14325999-12
AU =.)1T1BBOO 2 —. 17958771 02 --T745219147 O .33527526-05

ALL VECTORS REFERENLED TO EARTH EOUATOR PLANE
o

DX —.4185000% OL

oY

—«11423336 01

-2727972T DO

HX =.9564B3854 0D MY —.25542721 00 Kl .51996301-01
PR 226800593 GO PY —.95841796 00 PL  -38019493-01
RX =.61237934-01 . RY —.173116268-01 Rl -.9979730Z 00
Tx -.27203348 00 TY .%6228779 OO T2 .00000000 00
DAL .35486%560 Q1 RAL .19573530 03
0AD 35457370 O1 RAD  .1947506% D3
THA .108%50358 03 T YECTDR IN ERRTH EQUATGR PLANE
ALL YECTORS REFERENCED FO ECLIPTIC PLAKE
DX -.41860009 O1 DY -.9394%451 0D 01 .T04756573 0O
MX -.96483853 00 MY -_20967486 00 Hr 15850254 Q0
PX  .26800593 Q0 PY -_B40Z38BL 00 PL 4TL2437R 00
RX -.16205567 DO RY -.3T757728-01 RE -.98605095 09
TR —.22691465 00 TY .97391465% 00 fz .0000000C QO
DAI .95783515 91  RAl .1931154% 03
DAD .50A28213 91 RAD .1921915¢% 03
THA 20845039 03 T YECIOR 1IN ECLIPTIC PLRANE
ALL VECTORS REFERENCED 7O ORBIT PLANE OF TARGET
DX .1041823% 01 DY —.41T749240 01 DI  .&z21T408T 0O
HX  .23334517 OO HY -.9623T565 00 HI 13922333 00
PX .B228895% OO PY 27912237 U0 PL 49525006 OO0
RX -36B39183-01 RY —.1428%037 Q0 RI =.98905%15 00
TX =.96828200 00 TY -.249859%2 00 TI .00000000 DO
DAl .8%831996 01 RAI .28445692Z2 03
DAD  .T9639T66 0L RAG .28356149 03
THA .2093956020 O3 T VECTOR 1N ORBET PLANE GF TARGET
ALl VECTORS REFERENCED TO AREDCENTRIC EQUATOR PLANE
DX .LD%LB23% 01 DY =.40671372 01 DI ~.11291355 0L
MX  .23334517 00 HY =.9358641T 09 HI ~.26402324 00
PX  .02268953 A0 PY .53639705-01 PI  .556594993 00
RX +.65045456-0L RY 24608676 0O RZI ~.96106273 00
% -, 36679766 0O Ty —-.25554312 00 1z .00000000 OO
DAL =.14745214 02 RAI .28%80576 03
DAO -.1535431T 02 RAD .28393%12 Q23
THA .215985922 03 T YECTOR IN TRUE TARGET EQU. PLANE
204537405516  £0L&?1557251 EARTH
oooooDndd D00 IHITIAL
601450622006 LTT435553167 HARS
235723543047 202001527522 END
ITERATION NUMBER 1]
or [1}3 HN AU
«18749275-01 —.6T970214~02 .0000C0000 00 -00000000 0O
-T3212989-02 —.2653T464-02 .00000000 DG .00000000 OO
-.10989078-01 -43950%06=02 ,O0000000 00 .00000Q00C 00
—. 47951245 Q1 .16743353 01 .000ODOGO 00 .0000O0QOC OO0
29795080 Q2 -.1109353% 02 .00000000 OC -Q000D000 OO
-.33569278 Q1 -10361906 01 .ODOODOOO OC .0QOCO0O00C OO0
+82944000 Q5 -.17536000 05 .10000000 O1L  .00GO0000 00
=,29429T93-06 —.58207661-08 .000000CD 00 10000000 01
ITERATION NUMQER 1
oy oz LL3 AU
L15682850-02 -.28561890-D2 -21474894-07 -.117168800 12
-16219353-01 -.11518632-01 .1846B361-06 -.1736877L D2
-75176238-02 -.9609BA15-02 .T&0625092-07 4213149 0L
—.12004298-07 .27655606~08 ~.1%335999-12 3527526—-05
+T0263182-08 —.19162602~D8  .82943394-13 —.T35TR&56~05

—+19162602-08
~82963994-13
—a T35T4456=05

238

+ 2928597100
~«17536011-13
~-14550667-06

--17536011-13
+99999598-
+21195436-,

18
22

1455066706
«21195486-22
«25000000 02
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JPL TECHNICAL MEMORANDUM NO. 33-204

ENCOURTER PARAMETERS ANO STATISTICS &%/70F/IT OL2B59.322

B +25968130 06
B.RO - 12768092 0&
B.YO = 22151403 06
BsRC =2 12180449 06
B.TC -« 22479783 06
T » 23040207 03
THETA 10699438 02
H MATRIX
%.R0

B.RO -10301371 05

B.TD -.17613032 a5

T ' -«17042227 0%

c3 -14831570-01

375 -10897963-02

5-RS +Th30955-03

HORHALIZED N MATRIX

8.R0
B.TD
T
c3
§-I%
S5.RS

B.RO
+39999999 &0
~+548236T4 OO0
—+45105381 00
17957001 0O
-4&327065 DO

-5858235T 00

DH/DQD MATRIX

OX
oY
Dt

HU

B.RD
+24330516 05
298666985 D4

~.13503961 05
=.37392066 07
38196933 08
—.49420323 07
24538750 01

DMJUQ MATKIX

=

B.RO
-+14297395 Q0
-.281356354-01
-.99504L58 00
=.53TEETTY 0%
~-B5956945 0%

+10519851 05

-247T8832 01

SBAR 321748637 D3
SHIA -835076368 02
OEL T =3T226349 02
DEL B =33240677 03
DEL 5 «1602B8TET 03
DEL BR  .10L%956T 03

DEL BY  .318653260 03

B.TQ 118 [%3 5.T5
=.1T613031 05  ~.1T7042226 0% «-14831570-01 +13897963-02
«1001928% 05 =103569679 05 «F5422841-01 ~-.53511049-02
-1036967% 05 «13858011 0% «5L3T443T7-02 -.62122480-03
+95422841-01 «SEATHA3T-02 -46149723-06  —.11622TB&-DT
-.569411043-02 =.562122430-03 —.115622736-07 =53 TLETET-D9

-.30035638=02 —.24T4A0745-03 -.69983507-08 =25609644-03

a.7a T c3 S.T5
=.54823672 00 —.45105381 Q0 -1796T000 0O -4532T063 0D
»10000000 Ol -8800278% 0D +3T065500 00  —-.9%612197 QO

-88002785 00 =L0D0O00D DY «169563076 00 -.T2000457 00
-37065500 00 -14956607T OO ~99939998 0D =.al657117 CO
—.9461219T 0O —--T2000447 OO —--61657117 0O -999999%3 LD

~.15384738 00 -.53149299 Q0 =.68812657 00 +88364251 0D

a.10 T c3 $aT5
«64935540 05 = Z96TI5T4 OF »13145920 00  ~.11L57073-01
«2TB%1637 05  =.11310281 05 -498T8439-01 —.4%300132-02

- —=40737256 05 +169T3TTIT 95  —.Th298253-01 «86583250-02
—=13507410 0% «T9610852 OF —» 35645702 02 «26993601 01
-10563821 09 —.46808109% 08 +20666396 03  =.17838378 02
—-.122548%2 DA =53021L018 07 ~-.23715798 02 +20346E28 01

-+ T2TT4732 01 = 14250550 00 «43TB0T24-03 +101437456=04%

B.T0 n c3 5.T5
=.16182T¢L 0O 22580654 00 -25314228-06 44359594307

-9836TI2E 00 =40T07545-01  ~.112B1551<05  =.47139432-0T

. »32882215=02 —.35173765-01 «66306T11-06 -55314040-07
-16846420 0% =91025766 DA ~.5591356T OL =+36826370-03
-40625272 0% -1335A759 05 213992037 0L ~15366673-02
=.11039756 03  -.845113206 0% -12437810 01 «18654026 00

=.87136382 01 +23160733-01 +43191793-03 =10281612-0%

N HATRIX FOR MANEUVER CALCULATIONS

B.RC
B.7E
0000 140311

0000 14031
0000 14031

« B.RC
11291969 05
—.19957053 05
—.220881360-01
OFFLIKE CONTROL

FTERMINATE JDB
END DATA

B.TC T
=.19957052 05 —.22881250-01
-99202292 05 =-1194578% 00

LL1965T85 0O . 18564073-06
! [EY]

239

S.RS
»T4349552-03
-«30035563T-02
~e 24THDTRG-03
-.69983611-08
«25609643-09

+156356082-09

S.RS
+58%82360 DO
=.75805733 00
--53149%01 Q0
-.68812681 00
+86364239 0O
«99999999 0D

SRS
-56506676=03
+25911632-03
—-28827134=-03
--10983935 a0
~87565422 00
~+ 14T65713 00
== 60035930-05

SRS
-.25130325-07
«27172928-07
-263137118-07
~21728334=03
—-885T9E83-03
«26722055 00
-+ 59267403-05



JPL TECHNICAL MEMORANDUM NO. 33-204

Q000 141001 PAGE HEADING 23

Q000 14100 (YENUS CHECK CASE — STEP KAP)

0000 14100 EPDTH 01

0000 14180 420300500, 2332000

a0n0o0 14149 GEOCENTRIC POSITION AND YELOCETY AT EPDCH toz

o000 14100 Amea 14245297ET Y2=a19298640E7 Ia-.10071722C6

aofs 14100 0X=z-.1T446099E] DY==.26232BT7EL DI=~.11C48412ED

0000 14100 OTHER OPTI1ONS AND CONSTANTS {03

aodo 12100 TARGET=(VENUS)

0000 14100 ESTIMATE THESE PARAMETERS 104

0000 14100 X ¥ I OX DY DI KV AU

0000 14100 COVARIARCE MATRIX OF ESTIMATED PARAMETERS 110

o000 14100 DIAGx.T4elpely000),.0001,.0001,- E=1T425.

0000 14100 MAP COVARILANCE MATRIX TUO 124

0000 14100 6212007004+0

000D 15100 OFFLINE CONTROL (27

0000 14100 KEY(3) KEY(5]

0000 14100 £ND DATA o
INPUT COVARIAMCE MATRIX OF ESTIMATED PARAHETERS ITERATION NUMBER o
H Y 14 DX oY 0z HY Ay

X 17} 00 00 0 00 .00000000 0D .0000ODCO GO .00000000 00

999 - - 00 .0 [+ 1 Y
Y .00000G0D DA .59999999=0f .00000000 Q0 .G0000000 00 00DQOO00 00 .0000OCOD OO .OGOOOGQDD QO -000D000D OO0
]

4 - 0 . o0 .99999999-01 .0O0000COD 00 .000000C0 00 .ODOQO0O0 QO .000QCH0Q GO 00000000 00
ax .00000000 DO L00DDOCOD OG  .0DDODO00 OO  .99995%99-05 .00000009 00 .00000000 00 .0DOCOOOG DO .00COOODO 00
or K [ B a a0 . Go D0  .99999999-D4 a0 . oo o
DL -00000000 DD . [:1- B 1] 0 0D . 00 .99999999-04 .00000000 DQ .00Q0000C DO
Hy -D0Q0C000 00 00000000 00 Q0 00 .00 o 00 .99999998-18 -00QDO0DD OO

AU 00030000 DO .DODOOOOD 00 LOGOODOCD OD  -QO000GOCD QD 00000000 00 .00000000 00 .0DO0DRDOR 09 -2500Q000 02

INPUT J MATRTX OF ESTIMATED PARAMETERS ITERATEQN KNUMBER [}
~

X ¥ z ox DY ot Ry Ay

X .10000000 D2 .000D0O0D OO0 .DOODODOO 00 .0D0Q0QD0 OO 00000000 GO .O00OOQGDD OO .GGOCQGODO 00 .00000000 OO
¥ L00000000 00 - 10000000 02 =.00000GO0 00 =-.00000000 00 -.000C0000 Q0 ~.0C000000 00 -.GOOO00OGD ¢0 -.00000GOD OO
- o

2 « 00090000 00000000 00 . IQ000000 Qo - a . 0 00 - 000 00
a0 05 —.00000000 Q0 =.00000000 00 -.0GDOGOD0 90 -.00000000 OO
[

ox - 0 0 -
(12 . 0 00 - ap -.0! o o0 .1 % —.00000000 OO0 -.00000000 00 -.00000000 Q0
i1 - 00 00 -, ao = 0 o - o0 .1 05 - 00 -.0 an
MY - 00 =. 00 - 00 00 -.000Q00G0 00 =.00000000 GO —.000UODOL 00  .99999994 18 -.Q0000000 OO0
AU - 00 —. 00 - on - 0¢ ~.00000000 00 —.00000000 Q0 -.02000000 0O -39999%9%9=01
CASE 1 I85Y5~JPTRAJ-SPACE D2Z226% L
O0USLE PRECISION EPHEHERIS TAPE - EPHEML

GME .39B60063 D& 3 .16234500-02 H -.57499995-05 D . ¥8149999-05 RE .63T7B16%0 D% REM .-63T8B3LLE2 06

-65T09998-19 A LABTHLTIG 29 3 .2320019% 29 C  .8B%309746 29 OHE  L.41TBOT41-02 AU .15959350 09

G
GHMA  .49026293 04 GM5S  L13271411 12 GHV . 32475627 06 GHA  .4291T348 05 GHE  .37918700 08 GMJ__ - 12670935 09
EGM  .39B40320 06 HGH  -53027779 0% JA  .29200000-02 HA .00GGA000 Q0 D& .0O000O00 A0 RA  .34170000 0%
RADIATION PRESSURE INPUT
ARA  .38300000 oL 6B .38300D00 00 MAS L 19822000 43 Gt .00000000 QO céz .000000C0 OO0 SC  .10210000 09

INJECTTON COMDLTIONS VENUS Z35575400641202000600000 J.D.x Z&ITIL2.50634260 SEPT. 5,1982 00 23 32.000
GEDCENTRIC XD=. 14245297 07 YO=.19398640 07 20-.10071723 06 DX0-.1T446099 1 DY0-.26232077 Ol DI0--110%8412 00
CARTESIAN 10 .I412000D 04 GHA 34951873 03 CHD .34361929 03

DATE OF RUN 0222654 14103 EAR TH 14 THE CENTRAL BODY FUR INJEGRAFION  COMELL EQUATIONS OF HDTION

PADBE 15 OUT OF EARIH'S SHADUW

0 DAYS O HRS. O MiN. 0.000 SEC. 235575400641202000000000 JuD.= 243T912.51634260 SEPT. 5,1962 QO 23 32.000

GEOCEHTRIC EQUATDRIAL COORDINATES
X =.14255296 07 Y -.19398639 07 2 -. 10071723 08 o% -.L14%6098 Q1 DY =.24232875 D1 DL -.1104%8412 00
R 24088380 07 DEL -.23963223 01 RA  ,23370B%7 D) ¥ .29850081 01 PTH 89393193 02 A .52816414 02
R

24038380 0T LAT -.23963223 01 LON .24%18974 03 VE .17549891 03 PIE  .97549786 DO A2E -27000472 D3
X§ ~.14343227 49 ¥S L.%281050% 03 %5 19564275 08 0X%S =.87218607 01 DYS -.2509%193 02 0I5 ~.112307T47 02
XM =.2T632510 06 27943325 06 IM -.BI923071 05 OXM  _T2301663 00 SEASA6E0 0D DIM =_2T7195625% 00
XT —-.88139502 08 YT -.&1412272 08 IT -,22861356 08 DXT .21205738 02 o¥7 -.90988722 Dl DLT =.55555090 ol
RS -15083146 Q9 ¥S  £29546049 02 RH  LA01&347F 06 VM L97560820 00 AT . 100Q3GS4 09 VT .2373430% 02
GED -.25125335 01 ALT  .264026598 07  LOS . ET386238 03 RAS 16338111 03  RAM . 22532043 03 LOH 23580169 03
DUT  -35000000 02 0T 19200000 04 DR ,29678406 DL SHA =.22750333 Of LES .706%862]1 O GEH -. 11TT5395 02
CCL  -50702505 92 MOL 18217293 03 TCL  .33869367 03

GEDCENTRIC CDHIC

EPOCH OF PERICENFER PASSAGE 2355T4612773202330000000 J.D.= 243T903.65534361 AUG- 27,1967 G2 43 4l.688
SHA -.46363T68 05 £CC  .114465198 0O} & 25992350 05 SLR 14571132 05 AfD .00DGOOGO OO0 RCA  .5T885751 04
VYH  «29321057 D) €3 .B597243% O} Cl1 .T&L210645 05 TFP  ,76559031 Q6 IF -.85609948 ©1L LIF -.BB86008T 01
TA 15011236 a3 HIA  LL5072&77 03 EA  .25931107 03 EA  L21T50861 04 iF1 00000000 QU

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE

X —.1424529¢ 0T ¥ ~.193%3639 07 1 -.100T1723 06 0X —.17446098 01 0¥ -.242)2875 OL B2 -.1104%8412 OO
Nt 2T27191% 02 LAN .23836288 03 APF . 20465420 03 HX .T05T4093 00 HY ~,.5&1495777 00 ML . 45648045 00
HX -.39026894 0O WY L24D45364 Q0 [ 14 23884194 00 PX 16105420 Q0 WPY 36825562 00 Pl -.19121377 OO0
9Dh564%L 0D ay  .68592011-01 Q7 =.4166053% 00 RX .21574512-01 RY .29972926-01 RI —.9993L181 00
71196419 00 A .53327496 00 BZ ~. 45688411 00 T% -.81161130 00 BY  .58&19742 OU 12 .0000CODO 00
30233033 a0 SYI  .B78LE4137 00 SIIl -.3T051435 00 DAI -.2174T34%2 02 RAI .l09028%4 03
$X0 -.58379930 00 SYD -.8110576% 0D SI0 -.36930149-01 DAD --2116%212 O1  RAD 23425365 03

&TQ +248T71152 O5 BRO —.T5521459 0% 8 .2599235%0 0% THA  +34310904 a3 T VECTOR 1IN EARTH EQUATOR PLAKE
ALL VECTORS REFERENCED TO ECLIPTIC PLANE
X =.14245296 07 Y -.18198130 O7 2 67933540 06 DX —.1T7446098 a1 DY -,22672196 01 DZ  .85269591.00

IHG 43960422 02  LAN 21420253 03 APF 23385448 03 MX .TOSTSD97 QD KY -.3156212%9 Q0 Hl  .563461003 OO
WX —.39G256905 00 WY .5T42D661 00 WZ .Tl981946 00 FX 414105420 OO PY .B81227206 Q0 PL -.56063763 00
90656441 DO aYy -.10280938 09 40950625 0D RX =.1T6093% 00 RY -.22566077 00 RL -.95T394&8 00
BX —-.T1196439 00 8Y 30750167 OO BZ --43130772 OO Tx -.7925714¢ 00 Y -&0977912 00 T 00000000 00

240
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JPL TECHNI{CAL MEMORANDUM NO. 33-204
TASE 1 IBSYS=JPIRAJ-SPACE 022285 2
5xI --30223033 ab 5YI 65325499 DO 521 -.58928400 00 DAL —.%3573456 02 RAI .L!470480 03
X0 ~-58379930 0D 570 -.T5820165 00 520 .285878253 0O DAD .l6785081 D2 RAD  ,23242648 03
BIC .25821250 05  GRC —.29777056 04 B .2599235T 05  IHA .35342LT1 03 7 VECTOR IN ECLIPTIC PLARE
ALL VECTORS REFERENCED TO DAGIT PLANE OF TARCET
X -.21047606 07 ¥ .49300253 06 I 62163449 06 UK -.24151033 0L OV 12088622 0L DI 79251483 00
INC 46529416 02 AN 14007295 03 APF .23072202 03 WX —14000245 QU WY — 72032412 00 W 67822014 00
¥ .453TI25T U WY .SS6ATDS 00  WZ .GRT3A206 DO PX .82730393 Q0 PY L.20775196-02 P -.56172740 00
QX =.31406365 00 OF .AJ0BO&B3 00  OI -.45939320 00 KX -.2608229L 00  RY .1ML30159 0G  RZ -.964164D% 00
BX .1306619% 0D  BY .T2572865 00 B —.6T545940 00  TX 41953216 00 TY 90774047 OO  TZ .0DDDDGOD 0O
SXI .56B02325 0D  STI .40812293 0O  STf -.TU6370L 06 DAl ~.45613458 02 RAL .35697122 02
SYD -IA7521258 00  SYO _40840RA% 00  $Z0 76520830 00 DAD .153A4T3IA 02 mag .)5519434 03
BYO 255569498 05 BRO —~ 46834718 04 B -2599%920 05 THA .34962039 O3 T VECTUR IN DRBIT PLANE OF TARGET

0 DAYS & HRS. 25 HIN.

Q DAYS & HRS. 28 HIN.
CHANGE OF PHASE OCCURS

S6.404 SEC.

S4.40% SEC.
AT THIS pPOIRT

95 DAYS 14 HRS. 1% HIN, 19-059 SEC.
HEL IOCENTRIC

% =+51022567 OF Y 99263157 08

& 10968474 0% LAT 25017435 02
AE 33012545 08 YE 13k72987 0%
XV =57926326 O7 YT 97856442 08
LTE 22812463 02 LOE .759309B1 02
€PS  .12339057 03 ESP  L15895707 02
HPS .1289682) 03 HWSP . 15T54195 02
EPT  .13652945% DI ETP  .41614420 02
SET 234151303 02 3TE . 12318438 03
SAL -229001%40-09
GCE -87219501 02 CCT .3290527L O3
REP 51206375 08  VEP .L49T3409 02

EPOCH OF PERICEMTER PASSAGE

SMA 12722493 09 ECC  -L9L&4548 08
YH 1246056635 02 C3 ~.L0431455 0%
Ta =.52176583 02  MVA 16000000 O3

% =-5102256T7 OF ¥ 99283157 08
IHC  -25099383 02 LAN .25798326 03
HX ~.14£928006-01 WY —.4239714LA3 00
QX -.57575346 00 QY —.73681204 Q0
BX 57575345 00 BY .735681203 DO
AP .134TB63T 02 RAP .14720736 O3
sTQ .11628279 09 BROQ —.45510967 OB

CASE 1

K -.5102256T7 O7 Y 10952328 Q%
IHC  .1a52834% 01 LAH 33250314 Q3
HA = 14928005-D1 WY —«238B030T-01
Ox —.51575334 00 Qy ~.81699520 00
BX  JST57533% OO BY .8169952T a0
DAP  .26732883 Q0 KAP .14483478 03
BTIC -1248075% 09 BRC —-%0013342 O7

% Ll0522015 09 Y  M951192 0B
NG 42377960 01 LAN  -2051%100 03
X =_3139451%-01 WY LA4895422-D1
QX -.92985851 0D QY 34397693 0D
BX  L92985855 WO BY —.3&39T900 4D
DAP =.29105203 01 RAP  .BALEHZTL D2
BID 12459110 03  BRD ~-631273%5 OT

95 DAYS 14 HRS. 1& HIN.
CHANGE OF PHASE DCCURS

95 DAYS 14 HRS. 1§ MV,
GECCENTRIC
X —«38114804 08 ¥
K .S1206374¢ 08  DEC
R 51206373 08 LAV
xS ~.3301254% 08 Y5
XM 21915150 06 YA
XT =+38905160 03 Yr
RS -1473276% 09 Vs
GED -.12182757 02 ALY
OuT  .35000000 02 or
CCL  .2T278050 03 HCL
HELTOCENTRIC
X =+31022566 OF Y
K <lD968493 09 LAT
XE +3)012548 08 YE
XT =.5T926326 07 YT
LIE .22812463 02  LOE
EPS 12889057 03  ESP
MPS «125968Z1 43 K5&
E€PT 13652545 03 ETP
SET 234151904 02 STE
SAL  .32900140-09
GCE .B7219499 02 GCT
REF .512063T74 09 VEP

19.059 SEC.
AT THIS PDINT

19.05% SEC.

—e32466T20
. 121027346
. 12102736
~a1317298%
- 21489500
~a33373445
»3022T680
51199994
«38400000
-11991891

Q8
02
D2
o9
o5
03

a8
o4
a3

-95263156
»250L7435
-1117298%9
~R7856442
+T5930981
«15695T04
«E5T56195
416156422
~12978480

32905271
-L4373609

2I55T5417563202062552055 JoDa= 2437912.06977319 SEPT. 5,1962

235575‘111563202063552055 JaDux= 2637912.869T73L9
sul TS THE CENTRAL BODY FOR INTEGRATIOR

23560530151 T20260T408511 J.D.= 243B003-10961RT3

235607505023202&27‘-04611 JaDax ZHIBOIT.OL3I4TFTRY

B
ER
EA

14
APF
wI
oz
Bz

]

Z
EPF
LI
Qz
Bz

Z
APF
wl
Qz
B8z

-3

2356053015172026074045L L J.Du= 2433008, 10961073

VENUS 1S THE CFRTRAL BODY FOR INTEGRATION

23540539151 T20260T4045611 J.D.= 2433008.109616T3

L
RA
LON
15
X
IT
RH
LOS
ar
TCL

- 46305104
+92942489
~5T12L3FL
«%5437148
« 24385356
<35413715
- 15227586
- 18581345
- 16043202

[i:]
02
o8
08
02
a2
02
o1
0z

= 34179292
-8019537%

oz
02

ox
v
DXE
DxT
Lor
EPX
SEH
IPs
APH

CPT
CPs

= 36494257
37104845
—ZF50T2T5
-+ 35091492 02
- 93387681 02
-78819662-01
=13551557 03
-34320186 Q2
»51564817 08

02
oz
oZ

-reTt9283
»1D226691

az
0¥

HELEIOCERTRIC CONMEC

-L2%AT1658 09
-40330759 10
43934634 02

- 48385104
= YAEL8950
~QOSSAGRL
~. 35442347
- 35442248

5]
o3
L]
a0
oo

-12487362 09

«12256196 09
=.249T2951 OF
=-.36323921 02

SEPT.

COWELL EQUATIONS

08 52 20.40%

S5¢1962 08 52 20-405

OF RATIOR

DEC. 9,952 1% 2T 51.0%9

EQUATOREAL CDORDINATES

DY =.58201960 Q1 DI -.3}3262712 DL

T0T3126 QL AL .92101531 02

«40187032 01 DIE .26092430 0}

DYT =,25940798 01 DIT .100%5215 01

R5T .107462945 09  WSF 35249096 02

EHP  .11190031 02 MEP .L&d73051 03

EHS  .24425561 02 ESMm  _S5)4T493%-01

TSP JTS043470 G0 STP L144492821 01

RPT  .Z500000L DT  SPN . 12BO83&3 03
SIN .72577188 02

JAN. T,1963 12 19 26.184

APD  LLSL5BLSS 0% RCA . ld285829 09

TF 12449715 D3 PER ,20654125 03

TR .9%55932T4% 02

ALL VECN]RS REFEREHCED TD CARTH EQUATDR PLANE

=.364%4257 O
99880593
-.21¥42T0B
~=19593895

«S5&15920%

00
00
oo
[+1]

-33862552 03

IB5Y5-JPTRAJ-SPACE 022265

-306465990 0T
-1223264 D3
«P9FLTTLT OV
w_ I204I2TA-DL
- 3204321T-01

-12437146 D%

-12362223 07
22350356 03
= 99726535 00
—= 53587 PEE-0)
= SA68T720-0L

- 12407166 D9

-_ 10335197
- 22042483
- 28310597

-.5T121301
-BT959625

-~ 12684154
« 36544041
-3EB61212
~13951461
-61833203

ge
o3
o3
()3
o5
[1]:]
-3
o3
a2
az

«4bIBS104
= 32042489
- 57121301
44537148
- 24385356
35513715
- 33277347
-1a5800818
- 160563212

[i]:]
02
[+1:]
os
174
o2
o2
oL
a2

-A5179296
-BOL953T5

a2z
0z

HX
PX
RX
™

THA

bx
HX
PE
RE
TX

THA

BX
v
vE
jroad
UXH
oxr
M
RAS
SHA

o

-

DXE
DXT
LoT
EPM
SEM
TPS
RPM

LPY
cPs

241

-. 522019560 01
BY -,35811769-01
PY 52867573 00
RY .12623598 00
TY .B406509% 00

DI —.33282702'01
HI —.33229952-01
PE  L2930%28% QO
RZ —_922454589 00
T .00090000 GO

T VECTCR TH EARTH EQUATOR PLANE

ALL VECTORS REFEXENCED TO ECLIPTIC PLANE

- 16494257 02
-. 92840594 00
—+517487T05 QD
—.35282584=02
57593506 OD

«35816372 03

0¥ ~.646633823 0L
HY —.440875705-01
PY .»T553D65 GO
RY .24BLi283-02
TY LBLT4I4T4 OO0

-« 71621064 QD
ML —. 1624013404
PL .431E6T42-02
RI ~.9999%05% 00
TZ .DOOODOCO DO

T VECLTGR TN ECLIPTIC PLARE

ALL VECTORS REFERENCED TO DREIT PLANE OF TARGET

-.k5093336 02
~.28045725 00
+14457532 00
= EBE3T393-D01
+2ID2O149 00

»356%E045 Q3

=-.69865830
- 14973609
»IBLESTES
-29507273
-.a5011053
—« 550842104
-10777812
-25593098
—--298¥2879

a1
a2
a&
02
ao
a1
oL
o3
oA

—e IDAFG256
ITLOGBLE
—. 29507273 02
—.235091492 02
«93387681 02
-78819662-0L
«1555E562 03
+3%321389 02
«51564818 0B

a2
0z

« 12719279
=10226691

02
03

oY .337852B1 (2
HY  .95742555 0G
PY 92900173 0O
RY =, 422322)32-a1
Ty -.3sT04881 QO

DI ~.27414233 01
HI -.¥3031397-01
PL -.50F16334-01
RI -.998710a1 ap
TI .9000DDOD OO

T VECTOR [N ORBIT PLAME [F TARGET

DEC.

DEC.

99,1962 14 37T 51.059

CONELL EQUATIONS BF MOTION

9:1962 14 37 51.059

EQUATDRIAL COBROINATES

¥ -.1183889%
PIH ,&3TOFLES
PTE 21920480
0Y5 -,60187031
DYM . 5S27LT0S
OYF —.B7128330
RT -52048469
RAH 51842267
DES -,22812453

02
o2
o0
01
Qo
o1
o8
o2
0z

BI -.53356140 B1
AL L 124488587 03
AZE .26995161 03
DIS -.26093529 01
DIR  .295991%3 00
DZT -.16043215 01
YT 10672501 @2
i0M . 11452140 03
DEM  .139275%% 02

EQUATORIAL CQNROINATES

or
PTH

-« 52202 340
=« TIDT2143
+560187031
—-26941798
«1DT62945
«1E150973
»24%25606
-75039911
»25000000

ol
o1
111
[:33
o9
oz
oz
(1]
o7

oYY
RST
Enp
EMS
TSP
RPT

L

=

W LT257TiSA 02

VL -.33262110 O1
AL .9R21D1531 02
DIE .26D%342% OL
OIT .lo0D%5215 01
V5T 35209096 02
HEP  .16873057 03
ESm  ,358516955=01
STP  .14432820 03
SPN  .1288B8343 03
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JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1

APHRODIGLENTRTC

% .69037591 06
R 225000000 07
+25938001 07
«23110942 03
+22900140-09

EPOCH GF PERICENTER
SMA —_L0741161 05
YH .549B5978 01
Th =.9924D591 02
ZAE -13723729 03

X «5FIT591 Gb
INC  .12568504 03
WX =209823426-02
QX -.52609580 0D
BX 96716951 0D

£x] -.25397198 0O
SX0 -.5852513% 00
ETE 20676850 03
B81Q =.54178344 05

X 63037591 06

Qx =-.%525996138 0O
BX 96716970 OO
=.25397199 00
~-58536812 00
=31756562 03

~+568906602 05

E]

+21T01731 OF
INE 14982315 03
KX 49554154 00
QX =.85695557 0¢

Y 14067148 07

DEC .5L185T96 OZ
SHA  _14355062 OF
SYL  -27805915 02
PASSAGE

ECC 549721567 OL
€3} .30235677 02
HIA .10055855 03
IAP 34531163 02

Y .l1406TL48 07

LAN ,18053363 03
kY .ALZIT4B4 Q0
Q¥ —.53066020 00
8y 14110654 Qb

¥l 564608119 00

Y0 47722978 00

ETS -41B34750 02

BRY  .19630194 05

¥ 20655587 O7
-12100294 Q3
WY .5130786% OO0
--T¥816811 00
21355359 Q0
83135503 Q0
—. 63856971 00
-52632071 02

-91331112 0%

¥ -.11002%6% 06
«99025410 Q2
-78355661~01
¢Y 20336746 OD

BX .20910910-01 BY —.9966629% 0D
5Xx1 -~.56781184 0D S¥Yl  .21093512-0F
SX0 =.81T07303 00 SYD  L378T5550 0O
ETE 31229157 @3 TS .TIOOSDLL B2
810 -.57386433 05 B8RO 52377827 G4
100 DAYS 19 HRS. 23 MIN. 26.07% SEC.

CASE t

GEUCENTRIC

=.41051080 03
5778180 03
457718180 08

X5 =.19597573 o8

XM =,22533850 0&

XT =.%1G41809 04

RS .14724155 09

oM

GED -.137746577 02
DUT  .35000000 02
CCL,  .27333213 03
HELIDCENTRIC

X =.21453506 08

R 10755761 09

XE  L19%97573 08
XT —,21484235 08

LTE -23221698 02
EP5  .12302097 0
HPS  L12339664 02
EP1  .11879526 03
SET  .3TT946579 02
SAC  .22814957-09
GCE  .86417870 02
REP ,57778180 08

APHRODIDCENIRIC

X .30728787 05
&  -3910909) 05

ALT  .32909093 05
HGE 23697902 03
SAC  -23B14957-09
EPUCH OF PERICENTER
SMA -_l096491Z 05

YH 54523050 01
TA .25613208-05
LAE 13176035 03

X .30728787 05
I~ .L1477088 03
KX r.429451062 00
0X -.&4520466 00
BX  .86413916 0D

SAI —.286234753 00
$X0 —. 60445214 0D
ETE .30229105 03

¥ -.3829132% 08
LEC =.13686847 Q2
LAT —.13586847 02
o9

VS .3024T574 02

ALT  L5TTT14803 08
ar  .zZ40000U0 03
KIL  .179980L0 Q)

¥ .95595916 05
24372012 02
YE 131808624 09
¥F 495590916 OB

LGE .BL&T2475 02
LESP  .15920%271 02
HS5P  .19106503 02
ETP 6117076l Q2
STE .1229TT48 03
LCT 23205454 03
¥EP .1BLTT3E 02

Y 40000217 a4

0EC 31594455 02
SHA 37080350 05
S¥L -.32544166 Q2
PASSAGE

ELC 45667493 01
€} .23561B&K4 02
HTa L LU2648578 03
ZAP  .399TLETS O2

Y +%000D0217 D4
LAN .20822742 D3

WY .BOD005SS 00
QY =.59121024 Q2
BY .22925609 {0
SY1 -, 554465860 00
$YD -.599258132 00
ETS  .29230400 02

I85Y5=JPTRAJ-SPACE 022265 -

EQUATORIAL COOROINATES

I .194T9566 07 BX =.14027647 01 DY =.31260163 01 DX -.%53307926 Of

RA . 463853499 02 ¥ L55222722 01  PTH -.88684316 02 AL .2A853T40 03
ALP L 50235695 02 OR -.55208174 01 DP  .290A77956-05  ASD .142094%0 00
HNG  .1736216% 02 5iA .13438335 03

AFHRODEOCENTRIC CONIC
235605634232202T5T404611 J.Dav 2538013.23235961 ODEC. 1471962 19 00 59.871

B .5762497% D5 SLR .30915540 06 APO .O00NDADD 0O RCA .ATBYS758 05
€1 .31686472 06 FFP —.5477u88L 06  TF ,M007760Z 03 LIF .10073155 03
25498362 03  MA -.13134227 05 TFI 95593274 02
ZAC .T2681574 02 DEF .2ML17187 92 IRk .13100778 D5 GP —.297643%90 02
ALL YECTORS REFERENCED TO Eurun EOUATOR PLANE
2 -194T9566 07  OX -.L4027647 01 DY —.31260163 Bz -.43307926 O1
APF 20556144 03 MX .96106519 00  HY —.15408716% ou -.22933716 W0
Wi -.58332922 00 PX .90424851 00  Pr —.24244515 00 Pl -.35148387 GO
Q7 ~.T3224367 00  RX .32102521 00  R/Y .T1553693 00  RZ -.52044313 00
BL -.21135770 00 TX =.91238207 00 TY 40933966 00 tz .00000000 0Q
SZI —.Tu42514) 00 DAl -.5L&51496 02  RAl  .24583663 03
SI0 -.65543945 00 DAD -.40952978 02 RAD .21918946 03
ETC .25151733 03
8 57524974 05 THA .156008325 03 T YECTDR IN ECARTH EQUATOR PLANE
ALL VECTORS REFERENCED TD ECLIPTIC PLANE
2 122753 OF DX --14027647 o1 DY —,459091068 01 DZ =.27297031 OL
APF  .20&1328& 03 MX  .96107515 oo MY -,23250d8% 0O MZ -.149103F% OO
Wi -.85829785 00  PX 90425774 00  PY -.36226754 00  PL ~.22602173 00
DI —. 440569844 00 RX .1444Z02B QO RY L4T2%4T11 00 RZ ~.34928300 OO
82 ~,137174%93 00 TX —.955636865% 00 TY  +2921624D0 00 tr .000O0O0D OO
SII —.49431472 00 DAl -.29526573 02 RAI1 .25301252 Q3
SID ~.4%1148134 00 DAD -.24291925 02 RAD 23003940 03
ETC . 26231466 03
B .5T624970 05  THA 17085060 03 T VECTOR IN ECLIPTIC PLANE
ALL VECTORS REFERENCED TO ORBET PLANE OF TARGET
2 -12362209 O DX -.47923321 Ol DY _[1675437 00 —-27415251 01
APF  .1995B8971 43 MX  .9%519B00-03 MY -.995%914691 00 MI -.90300711-01
HI —.86448325 00 PX -.13855385 00D PY -.97592482 O P ~.I6A53506 DD
Ql --4T3%7T037 00 RX .49&528792 00 RY =.120629464~D1 Al =.B&ADT&LS OO

8¢ -.T8903140-01 X .24299205-01 TY 49970473 00 T -000Q0Q00 OO

SII —-445%3450 00 DAL =.29756%388 02 RAL LI1B807462 03
5I0 -.43466301 00 DAQ -.25764239 02 RAQ  .15512%90 03
ETC  -27321265 02

B .5T6259TD Q5 THA  .17478494 D3 T VECTDR IN OQRBIT PLANE DF TARGET

235605635516202411434156 J.D.= 2438013.322428326 DGEC. L4r19562 19 46 58.075

[BSYS—JPTRAJ-SPACE 022265 5

EQUATOR[AL COORDIKATES

£ -.136T1191 08 DX -.74626395 01 DY -.14910036 02 o -.72400016 O
RA  .22300789 03 ¥ .131717398 02 PIH 68362926 02 AL .l19B5724% O
LON  .20326984 43 VE .G0BTE328 0% PTE .23682742 00 AZE .20993322 O
I5 -.58055864 0B  DXS  .29999834 02  DYS -.35549452 0L DZ5 -.1535%250 01
IM L 12794737 06 DxM -.85853022 00 O¥YM -.53210795 00 DNIK ~-.13040236 0O
LT 13667331 08  OXT -.44356T64 01 D¥T -.10890376 02 (2T -.266TH137 DL
RH  .3H8631403 05 ¥N  L10184389 01 RT .STT9TD2Z9 08 vl .12057847 02
LOS  .251%3451 O3 RAS  .2616T247 Q) RAM .12H18441 03 LOH . 10345636 03
UR .16B9658% D2 SHA ~.3538B548 QH DES =.232216%8 D2 DEM  .19341652 D2

TCL  .32543648 D3
EQUATORTAL COGROINATES

I . 4%384672 08 DX -.32462473 Q2 oY -.L1365050 02 07 =.57040765 01

LON . 10264880 03 ¥ .39551833 02 PIH -,72353165 Ol AL -95856804 02
IE .58055864 08 OXE —.29999834 02 DYE .3544%9438 01 DIE -1535%250 01
LT L&&408532 08 0XT —.34435511 92 DYT -,T3454299 D1 DIT =.11316886 41

LIT .24382966 02 LOT .10266685 43  RS5T .10757004 09 ¥5T -35228403 02

SEP  L3TT69T53 02 EPM 37800648 00 EMF  .BOSTBBLZ 02 MEP .98943153 02

SMP 37494848 02 SEM  .13646513 03 EMS 43232903 02 ESH  .10231507 00
TER . 33542591-0Q TPS .10851589 03 TSP  .13504685=D1 STP  TL464353 02

EST .19225%41 Q2 RPF  .578394¢9) 0B RPT .3%910%093 a5 SPN 123014465 03

SIP  -.99394255 02 CPE  -114992423 03 5IN -)1l0B0259 03

+PE  .80314971 02 CPS .1027L1BY3 03

EQUATCRIAL COORDENATES
T -.23859226 05 DX =.302549531 01 DY =.401956605 01 01 -.45723879 D1
RAk  .T4165933 O ¥ 67990372 Q1 PTH  ,¥75343534-06 Al L21192412 03

ALP «99607556-02  ASD  .91216356 01

NG

« 74910647 =07 bP
+1D967352 03

« 126181029 02 DR
< 11213077 03 SIA

APHRODENDCENTAIC CUNIC

235605635514202411425570 J.D.x 2438013.32426326 DEC. 14,1762 19 46 58.075

B .43858741 05 SLR  L21771052 05 AP0 .O000000Q QO acA  .39109093 05
Cl .265%0413 0& 1FP  .98913489-D4 TF 10080794 03 LIF 10077252 03
EA .0ULADOCOO DO K&k ,Z8129103~05 TF1  .100BOT3& 03
ZAC  .7196534% D2 DEF  .25297576 02 IR 13206245 0% GP =.3D444510 02

ALL YECTORS RtFERENCED TO €ARTH EQUATOR PLANE

1 -.23859226 05 Dx -.30269631 01 0Y ~.401%660%F 01 ol -.45723879 O1
APE  .22221299 03 MX -.44520467 00 MY -.59121025 0O HE —. 67250520 00
Wi —.41899088 00 PX 274571975 00 PY 10227857 00 PL —.8100684% 00
Q¢ -. 67250520 00 RX .337T818% Q0 RY 71389431 DO RZ —.41339898 00
BI -.44800129 Q0 X -.90392323 a0 IY L%2T69475> OO TZ .D00OCOOQ GO0
skt TAYTTILT 00  OAl -,5216%310 02 RA] 2445TBS& 0)
S0 =-.52259%73 Q0  DAD --31506462 02 RAQ .22465815 D3

ETC  .25076851 Q3

242
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JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1

BTG -.33373639

X .30728787
ENC L 13464185
WX ~.42946161
OX —. 458520457
BX .56413918
SX1 —.256234753
X0 -.E0E4S215
TE 313565265

a5
o3
a0
1]
(4]
oo
oo
a3

BTG =.397494469

»*

15995859
+E3T22957
«449BLTHZ
-.83218351
23527213
-.84|57462
~.8T943699
-30925123

0&
INC
L
ox
AX
sx1
5xa
ETE

BTD =.41602414&

100 DAYS 19 HRS. 26 HIW.

GEQCENTRIC
% =.A1052372 08
R 37701104 OB
R 57781103 45
X5 =.19592183 06
XH —.22548650 05
XI -.41082576 08
RS -14T24152 09
GED —.13777151 02
oUur  .35000000 02
CCL  .273382%Z 03
HELIQCENTRIC
A —aZ14%59%8% OB
% 10755675 09
XE .19592383 04
XT =.21490192 08
LTE .23221815 02
tP5 .12301850 03
HPS  -12339619 03
EPT .1L708%22 03
SET .37797812 D2
SAC  .23815)38-09
GLE  .865617480 02
REP  «5778110% OB
CASE 1
APHRODIDCENTRIC

X «33202689 05
& +391235%8 95

ALT  -32923599 05
HGE .23698L50 01
SAL  .23815)38-0%
EPGCH OF PERICENTER
SMA —,L0985909 05
VH 56423057 01
A .1T226236 01
ZAE  L137TE06E 03
X «3020263% 05
INC  .L1477088 03
WK —.42546165 OO
QX —-.44520459 00
BX .B64E3912 QO
5K =.263234762 00
5X0 =.805845213 OO
ETE 30228987 03
BTG ~.33373633 05
X 230202689 05
IHL  .13464185 03
WA =.42946164 00
0xX -.44520470 0O
BA  +BGH13913 00
SRI -.26234761 00
S5a0 -.60645214 00
ETE 31345147 03
B8IC —.39T45463 05
X 55016583 03
INE 123722957 03
WX 46931735 00
QX -«692183%4 00
BX 23527306 0O
SKI —.8615T468 00
$KJ =.BT5487400 OO
ETE 230975022 03
BT0 —.51602410 05

BRO . 35685505 05

-

=.58220504% 04
21712739 03
-56728598 00

~.80995385 00
-32104934-01

—.A2289482 0%

~+ 75769080 CO
40592002 02

LaN
L1s
QY
34

sri

Yo

ETS

H2L LZBAL049T

¥ -.32570000
LAY 13851610
WY 50871417
Q¥ .21830318
BY —. 6038596
S¥I  .30&&3IT24-01
5¥3  .29534650 00
ETS .610Ba&4T 02

BRO .25620409 05

19.059 SEC.

¥ -,38293904
=-1260T4LT
—= 13687417
—.133335655
28642300
~.38291208
30241585
ASTITWI27
= 24000000
, 17995012

08
a2
oz
09
a8
(3]
02
os
03
03

¥ 93592949
=253TLEAD
«13388485
295587645
+B16T4687
2 19210847
+ 19105037
62816250
212291543

a8
o2
o
o8
0z
o2
o2
02
a3

+230B4B4B
=58183513

03
a2

T 433043787
DEC -.790507HL
SHA -.36803285
SYL -.3330154%

ok
az
s
o2

PASSAGE
ELC
3
HTA
IAP

+65667502
429618692
-102645878
«3991316%

ol

a3
o2

Y  »33083TAT
-20822792
+B0000593

=+59121028
+22925603

~+535668566

9925835

229226601

04
o)
o0
oo
oo
oo
00
oz

235604404 05

Y -.67741585
-21712739
-56728595 00
A0995325 00
«3210484]=01

0%
03

5Y1 —.82289483 00
SY0 -.T5769860 0D
ETS .40%h3005 02
BRC .2841D495 05

¥ —=32310510 05
-13851610 03
+5OBTLA1S 0O
+~2E030321 60

=-B46018392 0
«30643794~0L
39536848 00
+GlOB1166 02

Syl
iyo
ETS

0

=

) -2562061L D5

@

~

APF
WL
QL
BL

szl

S0

EIC

)

~

ARF
WL
L3
B

S2I

si0

ETC

13SYS-JPTRAJ-SPACE 022265

- 48856741

-- 22481196

2 23754776
-« 70267300
-.381T9519
-. 50222781
—= 50400139
—» 24105864

-26213010

~4BASBT52

=.21%90662

-23538793
=. 73508052
=2 39541406
=2 45207930
=.5067051%
- 26493010

=27339359

~%BA5BT4L

as
03
a0
00
00
00
oa
03

a%
a3
[ ]
0
00
oo
Qo0
o3

as

Tith

HX
PX
RX
™
DAt
DAD

THA

Dx
MX
4.4
ax
T
DAL
Dan

TH&

13208353 03 T vECTOR IN EARTH EQUATOR PLAKE
ALL VECTORS REFERENCED TO ECLIPTEC PLANE
=.30259631 0 Uy -.5506906% 0L DI -.259508396
= 44520466 OU HY —,80995385 00 uz -, 3817957
-T85T1915 QO PY -.148B4692 0D P1 -.60040245
-1530893% 00 +48018908 GO RE -.86370255
~.95275255 00 I'Y 230374755 00 T2 .0000G000
-.30265119 02 RAl .25231T71& D3
=< L3u%B513 02 RAOD 23132647 Q3
+14444512 O3 f VECTOR IN ECLIPTIC PLANE
ALL VECTORS REFERENCED YO ORAIT PLANE OF TAAGET
. 50659888 01 DY 14842515 01 DI -.26BB434%
~.B921B352 00 My .21830320 00
»+40900621-01 PY -.B32T986% 0O

50538494 00 RY -.13010652-01

RI -.E6211¥38

aL
[1]]
oo
oo
[es]

=35546630-01 TY 999258908 00 Tl -00000000
—=30445610 02 RAL L1779639]1 03
—-15362793 02 RAD  .15579447 03
15837340 03 T VECTOR I[N ORZLT PLAME DF TARGET

23560563556T20260T404511 J.D.~ 2438003.32626540 DEC. 1%,1962 19 4% 51.039

z
RA
LoN
15
n
Ir
oM
LasS
QR
fCL

z
Lot
IE
T
LT
5EP
SHP
TEP
EST

SEP
CRE

z
RA
ALP
HNG

= 136T244L
+ 22300891
«20254812
-« 5805612%
- 12792500
—a 13447793
« 38632512
« 24121388
+ 16FL&169
« 32423100

« %53836088
+ 10265275
58056129
+ 54408336
- 24302056
37770452
« 37495716

=33542591-

19226755

« 10069395
- BO3LAOTY

D8
03
03
(L]
as
(]
s
03
02
[+3

L]
L]
o8
08
02
02
02
QL
az

03
w2

ox
v
VE
0xX5
(8]
oxXT
VM
RAS
SHA

EQUATOAIAL COORDINATES

[B85Y5-JPTRAJ-SPALE 022765

. 245AB2LT
62437123
- L4LT5562
-L1394177

us
oL
[+
03

ox
v
113
S1A

—-75907017 01 DY =-.14914270 02 DI -.7ZIT&348 01
«-1B183518 02 PIH 68454816 02 AL  L11972255 03
- 40930465 0% PTE 23796050 Q0 alE .26993361 D3
-29999978 02 O¥S =.35439873 0L DIS -.15355094 01

-.8582549% QU  DYM -.53Z4515F DO DIM -.13055575 00

-.4435135% 01 OYT =.10B91180 02 07 -.256680171 OL
-10184061 0L /T L5TI98431 08 ¥T .12058456% 02
-2616T464 O3 &AM LP2821159 03  LOM .10775079 02

=.3539105% 08  DES -.23221815 0Z OEM ,.19337558 02

EQUATOREAL CDORDINATES

=.3T470680 02 0¥ —.11370282 D2 DL —.56021254% 01
-39586879 02 PTH -.T2124065 01 AL ,95825A815 02

—.29999978 02 OVE .35%39873 01 ©IE .15)5509% Ol

—-3443511% 02  OYT -.T34T71930 01 D27 -, 11325077 Q1
.10267051 03  AST .10257002 09 VST .35228410 02
.37800548 00 EKP  .80T03&1% 02 MEP 93918331 Q2
13664028 03 ERS ,43256699 02 ESH  .10326684 00
-1094E21T 03 ¥$P 15463931301 STP  .T016B220 02
«5TB%2254 0B RPT 393123594 45 SPH 12301217 03
12031818 03 SIN  .1I119995 a3
-10271903 03

T

EQUATARTAL COORDINATES

-, 305%56%8 01 oY =.&40230900 01 DL =.45496177
+6T985849 0L PTH  .14131963 0L Al 21265149
= 16TE69TT D0 DP  .$9533T717=02 ASD  .911822647
=1079709% 03

APHRODIOCENTRIC CONIC

ol
03
ot

235605635514202&!!‘666[1 J.D.- 2438013.32428326 DEC. 14,1962 19 <& S8.015
-4BA58T36 Q5

B
1
€A

2AC

~

APF
W
az
B2

$ZI

ETC

=

~

APF
WZ
qz
oL

521

S0

ETC

B

= 26590420
= 13790468
«T1965352

= 24548217

+ 22221299
. 41899072
-« 6T25051LL
= G4B00140
- THRITI0T
-2 52259466
« 25076850

- 43858736

=.23923315

- 2354117
=+ TO26T301
=< 38179508
—a 50222789
=.5040017%7
-+ 24105650

«262E3010

55858738

-. 220939712

23438754
=+ TI40B053
—-= 39541396
=.R5207340
- 50670503
=. 26493001

« 27339349

48858738

[:T]
01
0z

05
03
o
[t]
o
up
W
o3

05

05
03
oo
ao
Q0
Qo
an
a3

05
03
on
oo

ao
o
03

IFP
Ha
DEF

ox
HX
PX
RX
™
oal
bag

THA

ox
HX
Px
RX
™
0aT
DAG

THA

243

055 0o AP0 .0UQOQOCO OO RCA L39E07092 0%
-ITZHHJ&I o3 TF 10040794 03 LIF .l0077252 O3
+43193244 0Ol TF1 . lCOBD99% O3
«232975T6 02 IR .132062%8% Q5 TP =.30444503 D2

ALL YECTDRS REFERENCED FU EARTH FQUATDR PLANE
—.305556%8 01 DY -.40230900 01 DI -.45496177 D1
~.456862293 0O WY -.S940770 00 HI -.6538619% 00
«TESTL969 Q4 PY .1l02278%2 00 PL -.610068%3 00
33778185 0D RY .713894l9 00 RL -.561139903 oOf

=.90392319 Q0 IY .62T769%d) 00 T .0000COO0 vl
—=52164309 02 RAL .2446T80% 03

-.31505458 02 RAG .22445815 03

-1330A8352 D3 T YECTOR TH EARTH FQUATAR PLANE

ALL YECTORS REFERENCED TO ECLIPTIC PLANE
—=30555658 0L 0Y ~.55009941 01 UL -.25%735845 01
- 46862293 Q0 HY =.B0511276 00 UL -.36357392 Q0
=735T1969 00 PY =.1&BUES9B 0O £ ~.6004024T 0D
«15308934 00 RY 48018896 00 RL -.86370259 00

—e 35215253 00 TY 0374743 0O T .00000DUO 0D
-.30265111 02 RAL .25231716 03
~oL3948%08 D2 RAD ,231326567 D3
«LRR%G512 03 E VECTOR IN ECLIPTIC PLANL

ALL VECTORS REFERENGED TD ORBEV PLANE DF TARGEY
-.505665988 01 oY L1514T0T7 O DI -.2667947D OL
--59300985 DD HY 24323921 0Q He --37!6!9]’? oo
+609006556=01 PY ~.B3279862 00 Py =.S5206300 00
-5D4384B3 Q0 wY -.18010689-01 REI —.AAZ1194% 00
+35544721-01 TY .4993680A 00 T2 .00000000 0O
—«30444602 02 RAL .IT796140 03
=~.15362193 02  RAD .IS5T940T 03
+14837339 03 T VECEOR IN ORBIT PLANE OF TARGET
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JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1 I85Y5=JPTRAJ=SPACE D2226% a
625535100735 425730503775 621602710213 601700276504 602565436600 S75674117131 EARTH
21072191649 LT448304640 000000060000 INITIAL
217727456543 214522350406  61T601552025 602611220703  &02400724620  603442T4L66S VENUS
235605635567 202607404611 END
U HATRIX FUR HAPPING FURWARD FIERATION KUHBER 0
x Y P4 DX oY 1} Ry Ay
x +39773183 01 .21087921 01 .l028093% D1 .40090036-0&6 .12351001-05 .&0017031-06 .0COCOOOO0 OO0 .0OD0QCOD0 OO
¥ 42217053 O . 30645667 QO 21520492 00 .14571548=056 ~.55214985-08 .10965675-06 .00000C00 OO .0Q0DOCOOD OO
3 215201550 00 165537131 (0 —.13d95442 0D .5527668T-07 .73585203-07 -.168T14900-06 .000000G0 00 .000000Q0 OO
[1]4 13987197 04 .68392537 Ol .33544449 07 .16400137'Dr .40547289 01 .)9595112 0L .000ONQOO OB .00DQOQO0 QO
oy 236532307 07 .T94IT66T OF 19422097 0T  -162648229 DI  .2507638TF 01 .14931el7 Ol .0C0000H0 00 .00000000 OO
aoPx+t&120
&21200700, 0000000
X&  —u36G9TILTE+08 Y= —.20912202E408 I=  —_94S6TI3RE+OT 3 000 1
OXx =, 734504306E+01 DY*s ~.108256453€¢02 DIz =.54156483E001 § 000 2
ROL 2434T42613722105626001145/78 24257631 5205207014363212/8 § o000 3
241 5664720T3206622272012/8 21455 TATS024E 6167211032078 3 0 a0 4
2156564163401526035256T4/8 2146355656735161265311433/8 3 o0o0 5
S543403571621510350007741/8 17752373651 71454520000000/8 3 000 &
ROZ 242576315205207014363210/8 2425216315265207430612242/8 3 600 7
241435426012206550201533/78 2155530201701 61507154504 /8 ¥ ogo 8
215475360TTLL624366TE6T2/E 2EARTTILINISLELTINVEGLIL/B § od o 9
SeeS02533TTE5LL1421400278 2005070130201 45560000000/8 % o0 10
anpX+14130
RO3 241566472073206622272011/8 2414354626012206550201534/8 & 000 1l
240716253507205560121535/8 21344305076TE60413054706/8 § ano 12
2145017707 5216155405131578 2127722130251571T263642T/8 3 900 13
54455065246751106353122278 20040560754 741 45460000000/8 000 1%
RO& 21455T4750241461672110322/8 2145510201701 6150719450478 & D006 15
2134530507671 6041 305470678 1664206136061 33125331104/8 & Q00 L&
1oT44T242664114104655056/8 165536T346635131525462314/8 § o000 17
5175513627 34464604233410/8 5501746126405 15700000000/8 § 000 13
RO5 215654A163401626035256TR/R 2156 T43I60TTIEE24366T66T13/B 000 19
2145D1770732161554051315/8 LoaT44T242665134205655050/8 § o000 20
qoPx+14130
1705013270071 3536040620%/8 1674675601051 3472555212678 3 ongo 21
520724131133465015437024/8 1555130722661 21 140000000/8 3 00O 22
RO6 214635656135161265311430/8 Z1446TTISILIG1ALTILO064L3S/S & oo 23
212172213025157112636427/8 L6534 T34635133525462314/8 3 0D0 24
1674675601041 3472555212678 1666TT114443133230565525/8 8 G000 25
521423551405466611542605/8 1536561672421 20750000000/8 $ 0DO 26
ROT 5%340347162151036060774178 546502533TT65E1164214012/6 3 000 27
544550865246 7511063531222/8 SIT551362734664644233410/6 $ G040 28
S20TZ%1IL 13346501 5437024/8 5Z16235514054666115424605/8 § oo od 29
10544T113564052351103530/8 Q9Uog00y0000000000000000/5 S ooDo0 30
[\F4 18190670 0T .19553261 07 .4856946% 07 .695T2166 00 .150035D3 01 13430120 0 .00000000 00 .00GUQOOO 0O
HY  -.9%537556 0% ~.2347803T k0 —.26256072 10 -.12541165 04 ~.32486107 05 -.3026190% 04 10000000 01 .00000000 04
Ay L15841206-01 . 2554855000 .20478152-u1 -~.23691501-08 .24469914-07 .16027430-07 .00000000 OO .10000000 O1

X= =, 36497317 OB

CONDITIONS AFTER FORWARD HAPPING

¥= -.29%12202 0B

Ix= =, 96567338 07

£2/09/D5 002332,000 TO &2/12/07 4Q00000.000

OXr =, 735043046 Ol DY= ~, 10826452 02 Di= —.54l664B3 OF

STANDARD DEVIATIONS
X= 14570403 06 Y= L106T8034 06 Zx  L62140492 0 DX L228094%T-01 oY= L49980155-01 DZx 2467254301

COVARIANCE MATRIX AFTER MAPPING ITERATION HNUMBER o

x ¥ z [} oY Dz Hy e
x _21229665 11 12831745 L1 .62849716 10 .29409537 0% .560604511 04 33107333 0% -, 94537555-09 +37103015 0D
¥ _1283124% 11 11602042 11 .47906166 10 23922537 04 -50435308 04 .2%555497 06 23476037-08 .63871396 00
z T62B49T16 10 -4T90BLAG 10 .3BAI4407 10 11663207 0& .25756895 04 .10125431 Ok -.26256072-08 51195330 00
DX 029409537 D4 23922537 0% .11643202 04 .52027313-03 .11265490-02 .54346325-03 -_12541165-14 -.59220753-07
oY JHBEO4SL1E D& LS506353NA 04F .25758895% 04 .11265490-02 .245980159-02 = 11891137-92 32486109-16 L61674T83-05
DI T33107T333 04 25555497 04 .10425631 04 ,54366325-03 -11891137-02 .&CAT2945-03 -.38261903-16 .40088574-054
MV —.94537555-09 —. 234TB03T-08 ~.26254072=00 -.12%%1145-15 =.324B6109-14 -.38261903-14 .99999998-18 .0D0000Q0 OO
AU <371030L% 00 J63ATLI96 00 51195320 00 =.59228753-DT 616T47E3-06 L4006A5T4-06 .00GOD00C OO  .25000000 02

244
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JPL TECHNICAL MEMORANDUM

NO. 33-204

CASE 1
DDUBLE PRECISIOH E£PHEMERIS FAPE - EPHEM]
GHKE .39B60063 05 d4  .16234500=02
G .5667D9998-19 A .BBTBLT9E 29
'EH.H «4%026293 0% G‘lS 13271411 12
-33660320 06 -49027779 04
RAD[AIID-‘! PRESSURE NPUT
ARA  L3530000C 01 GB  »38300060 GO
INJECTICN CONDITIONS VENUS
GEOCENTRIC
LARTESI
DATE DF RUN {222565A4 16135
2 DAYS 14 HuS. 3T HIN. 51.431 SEC.
HELIOCENIRIC
=2 51022657 07 ¥ 99263156 Q8
R «10968493 09 LAT .25017435 02
XE .33012537 08 YE -13172989% 09
XT =.579256456 QF ¥T .97656441 08
LTE .22812464 02 LOE .75930985 02
EPS  .12889057 03 ESP  .15495705 D2
MP5 .12896821 O3 HAP  LESTS54L94 02
EPI .136%25%2 Q3 EIP  .51616358 D2
SET 34151907 Q2 STE 412973487 03
SAC  .2290014G-0%
GCE .AT7219499 02 GET 432905257 03
REF  ,55206376 O YEP 14373508 02
EPOCH DF PERICENTER PASSAGE
SHA  ,127224%1 09 FCC L191544538 00
YH  .26006642 02 €3 -.10431457 0%
T4 -.521765%6 02 HTA .18000000 03
X =.5102266T GF Y .99253156 03
IND .25099841 02 LAN .35798326 D3
WX =.14928002=0} WY =.42393%484 OO
QX —.57515317 Ao QY -.73681227 00
BX .575T531% () BY .T3681223 00
DAP L134ATHS6I1 02 RAP  L14T207T88 03
BATU  .116282T8 0%  BRQ -.45510973 04
X —.51022667 OT ¥ L10952327 0%
INC . 1BS2B24% OF LAN  .3325331F 03
WX =.14928002-01 8680308~
OX =.57575309 Q0 +51679546 00
BX .575T75310 00 BY 431699547 00
CASE 1
DAF  .24T32883 OD RAP 14453420 03
BFC .12480753 09 HRC -,400133%4 O7
X .ID5220L% 09 Y .30951206 04
INC 42317032 01 LAN .2051%101 03
WX 313945L4%-01 MY  L65B95417-01
QX —.92985853 Q0 Q¥ .35397068 00
AX 92585855 GO0 BY -.36397873 0O
DAP —,29105203 01 RAR  L08450288 02
BIN  ,12459108 09 HRO -.4712735% OT

2 DAYS & HIS. 3T MIY.
CHANGE OF PHASE DLCURS
PROSE 15 LEAVING VENUS®

2 DAYS 1% HRS. 37 MIN.

GEOCENTRIC
X —«38114304 04 ¥
] .51206305 08  DEC
R .51206376 0B LAT
X5 —.330121T 08 s
XM L21915100 06 YH
1 35805183 08 ‘7
RS 14732764 09 s
GED =.12182759 02 AT
pur 35000000 02 or
cCL  .27279059 03 KCL

HELTECENIRIC
X =-.510226A4T 07 ¥
R 10968493 09 LAT
XE 33012537 Q8B Y€
Xl -.5792645b Q7 YF
LTE 22812463 02 LIE
EPS  .1209905T 03  ESP
“PS 12896821 03  MSP
EPT  .13652552 03  ETP
SET  .3415190T 02  STE

SAC  222900140-09
GLE .872E9499 02 LT
REP  .512C46376 08  VE®

St.&31 SEC.
AT THIS PDYNT
SHADDH

SP.431 SEC.

—«32h565733
—212102737
~.12102737
=«151T2989
«278B9500
- 33873448
30227679
+S1L99998
+334400000
-1799189]1

(]
02

ay
as
08
hrd
as
04
o3

-99263155
28017435
13172989
+9THSbAGL
275520985
+15695707
«15754197
41616357
12978487

o4
o2
oy
ca
02
02
02
Q2
Q3

«32905258
=-149713609

03
az

a
GRY
JA

HAS

[ASYS=IPTRAJ=SPACE D2228&5

H ~257499999-0% b .78749999-0% RE 53781650 04
»B3300194 29 C .88836976 29 OME .41730T41-02
«3267662T 06 GMA 42977368 05 GHL .379E6700 D&
.2 174 HA o DA 00000000 0O
= 19822000 03 GBl on jue oo

2356051 23440202000000000 J.D.x 2530005, 50000000  DEC-

L)
1
EA

1
APF
(14
Qr
14

2z
APF
Wl
oz
BIZ

;]

L
APF
WL
oz
8L

VE!

2
RA
LON
L3
H
T
RH
LOS
1R
oL

TEP
EST

sIp
EPE

KEH
AU
GHJ
RA

«63782112 0%
18959050 09
« 12670935 09
34170000 0%

SC  .103L0000C D9

Ty 1962 00 DO GO0.0D8

I0~. 36637317 DS YO=.29912202 08 20-.94567333 OT DX0-.T3405206 OL DYOQ-.10026458 02 DIO-.541646483 O
AN 10 .Q0DOQ0OD OO0 GHA -752H398) D2 GHO .752839a3 02

IS THE {ENTRAL BODY FOR INTEGRATION COWELL EQUATIONS OF MQTIDN

235560530151 7202467117775 J.D.x 243B008.10952304  DEC. 9,1962 14 3T 51.431
EQUATORIAL CODADLNATES
+506335193 0B DX =.36494255 02 DY =.58201981 D1 0z -.33262720 OV
-92942495 02 ¥ .3T10434% 02 PTH =.TTO?311T O1 Al 92101534 D2
»57121303 03 OXE —-.2950727% 02 OYE .40187012 01 DIE -26093421 O1
~h643T148 C3 DXT —.3509144%1 02 DYT =.2694183F ol DIT  :DO4A5197 D1
224305356 02 LOT  .93)8768% 02 R5F  -10762945 Q9 ¥5T 35209096 02
35413715 02 EPM  .T9129368-01 EWP  .1119D24T7 02 HEP 16873040 03
35217588 02 SEM  .15551576 03 EMS  .24425467 02 ESHR  .5T6T4913-01
-18581082 01 TPS .34321412 0 TSP ,7503991% 00 STP .14452818 03
«1806321% 02 APM  .51564H19 D8 RPT .25000001 07 SPN  .128088343 03
34179218 02 CPT 72719297 02 SIN .T2577202 02
80195375 02 CP5  .102265691 O3
HELIDCENTRIC CONIC

ZBSSOT&GSDZJZDZ&D?IIT?YS JuD.= 2438037.01350758 JaH. T,19563 12 19 27.056
+ E243T14 SL +12255195 9% APD  L.15158153 09 RCA  -1028682% 09
-‘03!075? ID TFP —.24972956 OT TF  .3151350T7 02 PER 28646119 03
-+ 53934648 02 MA -.36323937 D2 TF1  .26095230 OL

ALL VECTDRS REFERENCED TO EARTH EQUATOR PLANE
=-46365103 08 DX -.36495255 02 DY -.582019681 O1 -»33282720 O1
14656952 03 HX ~.998B059% 00 NY -.358LL855-01 -.33229988=01
+90556%61 0O PX —.81748733 00 PY 52667545 QO PL .23308269 DO
=435452357 DO RX —-.19593890 00 Ry .12623585 00 RI ~.9T245697 Q0
+ 35462355 00 TX 54159255 00 TY .5&044113 00 1L 90000000 OO0
«124B7167 09  THA .33862552 03 T VECTUR IN EARTH EQUATOR PLANE
ALL VEGCTORS REFERENGED TO ECLIPFIC PLAKRE

= 30665980 07 0% —.38494255 02 DY -.666308456 DL 0L =~.73627058 00
=17232766 03 AX —.9988059% 00 HY -.46075798-01 -.162401356-01
+99947T1T 00 PX —.81748730 00 PY 57593041 00 PL  .&3LEGE6T-D2
= 32063277T-01 AX -.3528A531-02 RY .24861228-02 RI --99999064 DO
+32043218=01 IX  .57593579 00 IY .8lT494%4 Q0 Tz .00QOQQDD 0O

1BSYS-JPTRAJ-SPACE 02226%

- 12487165

- 12362214
22340358
= 99126596

o9

ot
03
a0

~- 5268774 T-01

+5368T 54—

12587163

23560530151 720266TLETTTS JuDa= 243B00B. 10962304
15 THE CENTRAL BODY FUR INFEGRATION

NUS

23560530151720266TLLT?T5 J.D.= 2438009.10962304

=« 10735199
= 22042483
«202L044L

~«53T1Z1%02
+ 87953750

~a 12685155
«Ib54H0LS
318614057
+ 13951460
61832078

- 46385103
+ 92942495
+5T121302
= &E4ITL4S
- 24385355
+ 35413716
+352TT5LS
» 18581082
«16063214

« 34173322
+BO19537S

al

09

[+]:]
as
03
o8
as
o8
a6
0}
02
02

THA

ox
Hx
Px
RX
™

THA

ox
¥
VE
DX35
oxXx
(1144
¥H
RAS
Stik

245

-353E6372 03

T VECTOR IN ECLIPTIC PLANE

ALL YECTORS REFEREHNCEUD TU ORGIT PLAHE OF TARGET

-.15093340 02
-220065739 00
+3665T501 OO
-.18637381-01
«93}020180 Ou

2356913845 03

-.5698569809
- 14973609
25445785
29507274

-.85011119

—-55842176
10TTTYL2
» 25593098

=-29672880

o1
a2
0%
oz
ao
o1
ot
o}
or

=2 35494254
2 2T104D43
—. 29507274
e 35091491
~93ABT6EY
«T9129346=0L
+15591569
38321415
-51554819

02
02
02
a2

&
N~

o
-

0z
[1:3

-T271929%
»L0226591

o2
03

DY .32785279 02
NY 95702552 90
PY 92900175 00

RY -.47232243-01
TY -.36T04854 00

T VECTOR

DEC.

DEC-

DZ -.21&l4236 01
MI =.73031394-01
PL ~.507746340-01
&2 -.99870%91 OO0
T .90009000 OO0

IN ORBET PLANE OF IARGET

F:1962 14 37 51.831

COWELE EQUATIONS OF HOTION

99,1962 14 3T 51.431

EQUATORIAL CCORDINATES

oy
PIH
PIE
ays
aOrM
oyT

’T
RAM
DES

=.11838899
~HB3T70TLEA
-21920%30
~a&0187012
5921622
~.87128849
453048472
-513940329
—.22812463

az
o2
oo
[}
oD
o1
a8
o2
[+F4

02 -.59356140
AL L12Z4BHST
ALE 2699561
DIS -+26093421
DIH 9599127
DIT -.1604022%
VT .10472502
LOH  .11451991
OEH . 13927585

[+
i3]
03
ot
[sa1]
[+1]
a2
03
oz

EQUATORIAL CODRDINATES

DY -.58201981
PTH =.TT0T}126
DYE .60187012
uYT -.26941837
RET 10762945
EHP 11190135
EMS  .24425541
215039711
25000001

a1
ol
11}
ol
oy
02
0z
[:]+]
RPT o7y

SIN .T2577199 02

o1
a2
ol

0Z =.3326212%
AL .9210L534
DIE 26073421
DZT .10045197 ©OL
¥5T .35209096 02
HEPF .16873051 03
ESM L S5AS16955=01
SIP L14492818 03
5PN ,12098343 03
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JPL TECHNICAL MEMORANDUM NO. 33-204

EASE

T

APHRODYOCERTRIC

x
x
ALt
FGE
IAL

EPQCH
SHR
YH

TA
TAE

S
ING
WX
ox
BX
sxl
SXg
ETE

BTG

.3

- 1KC
WX

-~

BA
SXF
SAD
ETE

;114

x
INE
ux
ox
8x
SXL
3X0
EJE

[:317]

-59037894 Q&
«25000001 o7
«24938001 47
+231109%2 ¢}
422900 140-09

aF PEATCENTER
—-10761169 a3
+5490695T 0l
-.99229987 02
~13728728 43

«43037884 J&
412568510
=.BY98355-02
- 42680758
+¥6FBY5L 00
=+2539710]1 40
--58534832 00
»306T6850 03

o6
SRe

-.54101293 05

+HR0ITASS 06
=14912548 03
—-«89992301-02
s 4EHAVTED OO
«9BTLERTZ 0D
= 25397181 00
~-5853425%3 0D
317565082 03

=+ 56899288 05

-21701734 07
14552230 03
+49453598 Q0D
=+85695BRT 0D
«20519794-0L
~.86741774 00
~.8170837Z 09
+31229757 03

<«5TIESHIT 05

¥ 14067148 OF
UEC .51185758 C7
Seh L E4355071 OF
SVl .298Q05698 (2

PASSAGE

EL{C  .9457590% OL
13 .3023565% 02
MTA  _100S85802 01
ZAP  .34431171 02

¥ 14067140 OT7
LAN 18063479 03
WY .B812185%1 10
4y —.53064471 QD
BY —.18]109259 QO
SY1 —.56608108 00
5Y0 =~.&7724057 0D
ETS  .&1834766 02
BeQ  .19632282 05

¥ .20655543 07
LAN  .18100483 03
wY .51308132 00
QY —.T7O1339% 00
8y ~.21353375 00
STl -.83135495 0D
LYD ~.59860452 00
EfS  .52632085 02
BRC 91346706 O%

¥ —-11003277 06
LAN 99027389 02
w¥ .7887118%5-0t
Y .20335195 00
BY —-.9986515) 00
SYL  -210931s11-01
Y0  »3/87Z508 00
£I5  LTIR05014 B2
ORQ 52390984 G4

T DAYS 197 HRS. 46 HIN.

CASE

LR

x5
LL]
xr
RS
GEL
o
oL

1

GEDCENTRIC

=+410510B80 03
5TITB18E 08
+57TT8104 08

=+ 19597553 03

~«82533900 06

-«%&108101F 04
+~1&725155 09

- 13776500 DZ
+35000000 2
+ZT3ABZ13 O3

HELIDCENTRIC

“. 21553526 04
LIDTS5761 09
195575%3 03

~.2148G2%8 DA
23221698 D2
- 12302097 03
+12329963 03
~11OTS603 D2
+3ITTIE58%
+23614957-09
2681 THT 02
«STFTELEG 80

g
~

APHRODICTEMIRIC

x
r
ALT
HOE
SAC

EPOCH
SRA

v,

Th
TAE

x
IHC
NX
ax
BX
sxl
51D
ETE

«3aT3LYT3 05
39112531 9%
«329L2531 a%
+2364T901 a3
+Z38NE95T-09

OF PERICENTER
~. 109654920 9%
«5442303F al
+34159945=03
+13776036 93

+30731973 05
+E1eT712% 03
~a%2945022 00
--445)19376 00
-B&AL4488 0D
~.26234739 00
“.B0D843K00 00
«30229103 03

58.74% SEC.

Y -.38291332
DFC -.136R6A4%
LAT —~.1368634%
¥S —.1338B524
YH  .?B6514%0

¥T —.34295332

¥5 230257574
ALT  .STT71808
DT .24000000
KL #27998010

¥ .95994911
LAT 24372011
YE 13308526
T .R5590911
LBE  .BloT2sal
ESP  .19209272
PP 19106513
EIP 61159990
STE .l1Z297780
GLT  .23205574
YEP L E81TT2TS

¥ »40002297
DFE ~. 37593313
SHA --3TOR3Ba 1
SYL -2 325431195

PASSAGE

ECC 45670802
L3 29518663
Hik  -POIECTIE
AP L3¥9T118%

¥  LRODD)Z9T
LAN 20822719
WY L200009u3
oY -.59120628
BY  L22924587
S¥1 —a55446547
SYD —.59925445
15 -2923040%

as
[+F4
o9
-1}
a2z
02
214
o0
03

a3
o2

o
02
05
a2

ol
0z
03
a2

o4
o3
[1:]
an
ao
a2
a2
o2

105 Y5-IPIRAI-SPALE OFI234&5

. 19419554
253850402
250235550
~1T862250

or
a2
-7
(<4

ox
¥
B
514

EQUATDRIAL CODRDINATLS

= L402T433 gL oY - 31260045 (1 0 —--433079LT

+55222701 QL PTH —.BEGBATZI 02 AL 24853456
—-556208152 71 0F  LZIVEISES-0%  ASD L IG20944C
+13638342 03

APHRODIOCENIRIT LONEL

o1
a3
a0

23540563%23320207TILT#5 JaDa? ZADBULI«L7230082 0OEC. Ley1962 E9 01 DD-%73

a
c1
EA

[l

~

APF
WZ
QL
BZ

L34

sIo

EiC

~

APF
WI
oL
BL

521

50

EIC

23540563551420253T246T(T) J.0.x Z&36013.32429101

51628458
«-3k688127
=, 25493070
« 12601555

-1954T79556
+ 20564165
-.58333008
- 132245507
--211356701
- TH42515%
=. 65544558
+25151 T34

457628458

«12275367
-20613378
-.85629328
—+%5069870
=, 13178581
=L 4TLIL4RS
-~ &E16H31D
262314508

57628461

+123622D2
219959053
- BAGLTOSA
- 41357019

-=T49181L22-

~ah7643487
—a%146T082
-27321265

«STH28455

o5

o
&

03
D2

o2
b3
.1,
oD
Gt
ao
aa
a3

[

DX

PX
RX
™
DAl
0AD

THA

DY
MX
[£.3
RX
1w
DAl
DA

THA

oAd

Teik

309187462 04  APO  .00Q00QQ0 90  RCA  .4TBT9T3L
2 h4 TIS904 06 TF 77922067 01 LIF  .TT539993
-+13134219 05 TF1 .26096230
.21t1409% Q2 % 13100782 05 GP =. 29164401

ALL VECTORS REFEAENCED TO EAHH EQUATGR PLAKE

-, 14627633 O1 0Y —.3126014% 0 «.433D79UT
94107241 QO 15407578 uu MZ -.2293498%
190426000 00  PY =.24242755 00 FL -.35148785
+3210251% 0O AY L7I%53710 00 AL —. 62044296
—aT1230821% QO IY 409339250 Q0 12 .00000DDO
-.51651508 6F RA} .2450386% 03

--40953367 0Z RE0 .219i90569 03

2

-16008230 03 ¥ VECTOR [N EARTH ECUATOR PLANE

ALL VECTORS REFFRENEED 10 ECLIP']C PLINE

—= 15027633 D1 DY -.45909088 0 =+21297030
96107233 Op HY -.2326002% 00 Nl = 1AF12356
«P0426D26 DD PY -.36225872 00 PL ~.22603090
~1%4%2D24 DO RY .4T727TLTZ9 0D RE —-AE9ZAZAR
--95636671 0O TY .29715Z85 00 TZ .000000D0
- 29624584 Q2 RAL .25305253 03

~+24298037 02 RAQ 23004092 03

»1TDATO5S D3 T VECIDR IN ECLIPTIC PLANE

ALL YECTDRS REFERENCED 1D URBET PLANE OF VARGETY
~ 47921237 01 DY L1ISTS3IT vU oI - 27414250

0%
ol
oL
02

al
[+1:]
oo
a0
oo

aL
an
(1]
an
oo

o1

«95282354-03 HY —.9959D256 00 m{ —.50315392-01

~a 13844413 DD PY —. 97591341 0O PL -.16654260
44526808 0D Y -, 12062912-01 R{ —.B6B0T&05
424294092-01 I¥ 99910473 80 TZ .DO0SOO0GD
-.29064399 92 RAL 17060762 03
—a2B36434% 2 RAQ LL5513188 03

op
ap
253

F1T428395 Q3 T VECIUR I UREIT PLANE OF TARGET

10SYS=JPERAI-SPACE 022245

I -.1356T1194 0B

RA

HNG

«22300730
+20325T0%
—.5BUS5864
121951837
3647333
«3H631431
=2%193162
= 16896438
PEFLLEY -

~4kIRGETL
+ 10254861
-58055866
RYTL LYY
+ 2%3R2 905
-3TTE9755
I TEF4B52

= 3I55259]

~ 19225566

+99)44088
PLUBIE LT

2)8s0aT¢5
« 74163977
« 12617437
-11213024

o3
03
o8
o0&
[:]-3
as
03
oz
03

ca
03
on
0s
02
o2
02
of
[1F3

a2
ax

o4
ol
a2
03

bx

-

vE
DXS
oxM
At

RAS
SHA

ux

=

oxE
he¥
LOT
EPX
SEM
es
RFM

(424
(=53

ax
¥
R
S14

OEC. 1441962 19 46 58.745

EQUATURIAL COQADINATES

~.T4625169 Qi 0Y =. 14909948 02 b2 -.72400025
SABLTT2YS a2 PIH  .58362456. 02 Al 11935742
«AOBTBIIL 0% PTE 236325856 AlE  L26995322
29999835 0Z DYE -.35459421 ﬂl 05 - 15359235
~. 82852710 OO DYH -.53210926 00 A -.1304029%
~.4a356750 D uyT — kouv0a7e 02 DIT =.266T6151
-10184383 01 RT L5TT9T034 0B YT 12057849
26167240 03 RaM .12B13&57 O3 tOH . 1DB&E&162
~n353B3552 Q8 DES -.23221698 02 DEN 19361637

::

OF
03
[rx]
0
ag
on
o2
[k}
o2

EQUATDRIAL CODADIHATES

=.3T4b2349 D2 DY =. 11365006 02 DI «.5T0%0790
«)9561692 D2 PTM —.T2352603 01 AL .9585696E
~a 29999834 0z  DYE 3509421 21 PLE 15359235
-, 34414508 D? YT = T3R563867 O1 DI =.11314918
+10268686 D3 RET  L10T510D% DY ¥5T 33228402
.3taoiiin 9o EHUF  LEDOTHBEE D uiP  .9BOA3DSE
125685407 D3 EMS  .422329%56 02 ESM 10279207
-1D85S1572Z D2 P 1850560501 SIP . T14&452T
#STAMGGY D5 RPT  .I9L1Z53L 05 5PN . 12M0Le6s

411992310 g3 St LL109024T7 07
+10221893 w3

ol
oz
a1
01
02
o0z
oo
02
03

ERUATORIAL COCDRDINATES

~2 30268505 Q1 0F -.400956%) 0l 0 ~.A572382)
267989284 al PTH  ,507298%5-U6 AL 221192407
aT4904053-07 0P 9954720002 ASD  .31208270
~L09ATS20 Q1

APHRODEGCENIAIC Cymis

ot
03
ol

235605633514202537260%42 J.0.= 24]801F.32429101 DEC. 14,1962 19 56 53.745

«HBB622ZOT
226592329

(1]
[11.]

«B5377 364 -04

« 119645135

=.23860105

22221180
—-%1899652
o HTISLSHT
—a k4 T99581
1597728
2261993
«250T8d51

246

02

o5

SLR
TFp
HA
LEF

DX
HX
PX
(33
T
Dar
oAt

21774181 04 APU  L0Q090000 0O RCA 39112530
+10184252-0] fF .7T8282908 OL LIF 77886724
2ZBYETI21=05 IFI  -TB8242910
25295433 g2 16 .1320624% 05 6P =.304546149

ALL VELTORS RtFERENCED TO EARTH EQUATUR PLAME
~+30268495 01 OY =.40195469) 01 D2 -+45723873
-+ &4519378 QU AY ~,59120630 00 M =.57251588
278513214 Qg PY 10221745 00 PL —. 561005268
+3ATTALTE a0 RY L71339441 a0 RE -.4&1339881

=.90392327 00 TY L42749483 0D L 00000000
=, 52166327 02 RAT L2445TA&5 03
=+3I506156 D2 RAU ,22454588% 03

o
ot
vl
oz

ol
o
o0
an
oo


http:S.AIL.VA
http:1.111.81
http:ARS.I.Al

JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1

BTQ -.333T6%21 05 BRO ,355A6516 D5
X L30T3L9T) 0% ¥ ~.58223563 0%
INC 13464238 Q03 LaN 21712653 03
WX -.4294502]1 00 WY S56T2B64E 00
QX —. 48519377 Q0 ay -.80995446 00
BX 86414488 00 BY ,32007629-01
5X1 -.26234T38 00 SY! —.B2289474 OO
5x0 -.60643401 0D SY0 —.75TTOS54TY 00
ETE 431365265 03 ETS .50592005 02
BIC =.39752716 05 BRE  .28412022 05
X 16000420 0% ¥ --32573250 05
INC .13723007 03 LAR 13851527 03
WX L 449820556 00 WY 508702845 00
ox -.89218155 00 oY .21829117 Q0
BX 23526740 00 BY -.B6039665 00
5X1 -.8615T454 00 SYI . 20043560-01
5X0 -.87948921 00  SYO .39535584 0D
ETE .30926123 03 ETS ,hlOB&OST 02
BI0 --41605158 05 BRO  .25621909 05
T DAYS 19 HAS. 49 HIN. %l.%31 SEC.
GEOCENTRIC
X ~.41052171 OB ¥ ~.38291907 0B
R 57731104 N8 DEC -.1368T418 02
A 57781103 0B LAT —.136AT418 02
X3 -.19592373 08 Y5 —. 13388455 0%
XK —.22548700 06 YM  LZB642250 Ob
XI —.&1082577 08 YT -.36297212 08
RS .147T24152 09 V5 30247584 02
GED -.13TTT1%2 02 ALT  STTTRI2T Q8
wuF 350000090 02 oI 24000000 Q3
CEL 27328252 03 HCL 17993012 03
HEL JGCENTRIC
X —.21459998 03 ¥ 95592947 08
R 107555675 0%  LAT 24371643 02
XE .19%92373 03 YE 13388685 09
XT =.2149020% 038 YT .95589642 08
LTE 23221815 02 LOE .BL&T4692 02
EPS  L123018%0 03  ESP  .19210845 02
HPS  L12339618 03  HSP 19108437 02
EPT 11709311 03 ETP 528723562 02
SET  W3T197815 92 STE .12297542 03
SAC  _23815338-09
GCE  .A6&ET4TS D2 GET  .23085190 03
REP 57781105 08 VEP -181R333% 02
case
APHRODI UCERTRIC
X -302D4808 05 ¥ 33059017 Q%
R .3912698& 0% DFC -.390456991 02
ALY 32926964 05 SHA -.36B0705% 05
HGE  .235698150 03 S¥L -.333%9017 02
SAC  .23815338-09
EPOCH GF PERECERTER PASSAGE
SHA =,10964917 05 ECC .%55670611 DL
YH  .S4423037 01 €3 .29618670 02
TA  L1TL9%T770 01 PTA L10264791 O3
Zag 13776067 03 ZAP 39973175 02
X «30206808 Q5 ¥ L32059D17T U4
INC L L14TT125 03 LaAN 20822719 03
WX =.52945024 00 WY .8000084Y8 04
g% -, 45519341 OO0 QY =.59120634% 0D
Bx  .356414404 0O AY .22424561 DI
SXI -.2623574T 00 SYI -.55446555 00
SX0 -.60643400 00 5YQ -.599254TL 0D
ETE 30228987 03 LIS .29226%12 02
BTG -.33376518 05  peQ .156R6533 05
% 230206808 0% Y =.67728103 06
INC  .13464238 D3 LA L21T71286% O3
Wi —. 42945025 00 WY .56T28643 03
0X -.44%19382 00 Qv ~.B09954%0 0O
BX  .B64E448% 0D BY -32097534=01
SAI -.262)4749 OD 5Y[ -.A22K9480 00
520 —.50643502 00 3YD -.?5TTO550 00
EIE  .31355147T D3 ETS 40545012 02
BIC =.39752710 05 BRC  .28412022 05
X W55244%40 03 ¥ -.32314327 @5
INC 13723007 0 LAN 13851527 03
WL L&4902048 0O WY .50870296 0O
0% -.89218161 0O Y  .21829185 OO
B .235267i0 QU RY -_A&019658 DO
SX1 ~.36157462 00  5Y] .30643T07-0
Sx0 -.8T7948925 DD SYO .D953E587 00
ETE 30928021 03 EIS .ALOB1L4G O2
B3 =,&1805747 05  ox0 .25621916 05

i
ARF

L
APF
wi
o
B
521
520
ETC

23560563550T20266TLLTITS JaD.= 2530013.32628971

z

I
Ra
aL®
HNG

2356056!551#20?5)7325&75 JoDox 243B013-32429103
8

IBSY5—JPIRAI-SPACE 022255

+4B836225617

~+ 234820676
+ 23756634
-« 702679556

= 26108124
26213010

L 40862210

=-21591972

- 2343HE4T
= 14005652
—+ 39542477
= 45206955
=.50670528
—r 26495350

21339349

448862249

—= 11672442
-2230D892
- 20256565T

--580%613Q
=12792687

—= 12647794
- 8522500
-24121233
-18%13991
=3242345)

«%438368T
- 10265276
« 5BD56130
- 44408336
- 24302856
- 37770653
LATEISTIT

«34970568=

- 19226759

« 10069221
8034978

05
03
o0
o]
[:0d
o0
00
03

o5

)1
03
os
o8
02
o2
a2
01
oz

03
02

5

THA 133084229 03 T YECTOR IH EARTH EQUATOR PLANE
ALL YECTDRS REFERENCED T ECLIPTIC PLANE
DX ~.3D266505 0L DY -.55068224 Q1 DZ —.25958T54 01
HX -.44519377 op MY —.80995448 Q0 HZ —.3d180856 00
PX LTA5T3216 QO PY -.1488bE66 QO PZ -.40028753 80
RX .:530893t OO RY .42018%2% Q0 RLI =.B63Y0243 00
X -.95275260 00 TY  .303T4T42 0O ¥I .000000C0 GO
DAL —.3026%128 02 RAL  .25231717 03
DAO ~.13950363 02 RAD  .23132775 03
THA  .14444%38 03 T VECIOR [N ECLIPTIC PLANE
ALL VECTORS REFERENCED TO DRGLYT PLANE OF TARCET

DX —_60658T84 01 oY  .1%841501 OL Bl -.26684567 01
HX —.09218155 QO MY 21823178 OO HZ -.295&2247T 0O
PX  LADY0BLE3-01 PY -.8328005%T 0Q PL —. 55204743 00
RX .50638509 OO0 RY -.18010502-01 RI —.56211930 00
X .35564453-01 v 99936809 0Q fL  .90000000 OO
DAL —-30445519 02 RAL 17796342 G
{ra0 -,15364189 02 RAD 15579524 03
THA .1483T416 Q3 T VECTOR N OHBIT PLANE OF TARGET

ox
v
YE
1353
DXR
DXT
L)
RAS
SHA

== T4ID5245
+LB1831384%
+408804GA
+ 29999978
=.BS825437
—-&5351348
-10184061
+26156T4b4
--35391056

01

0X -, 37490503

v 39586491
DXE =.29999978
OXT =.346%435113

02
o2
oz

Lor
EPH
SEH
w8
RPH

cPT
ces

« 10267042
«37807118
13555018
109509064
+52662254

a3
Qo
03

a8

12031658
Ll02Ti903

03
as

1B5¥S=JPFRAJ-SPACE Q22265

- 26648340
- 62457221
=1R1719156
L1132

o5
0
02
03

nx
v
bR
SIA

~a 30553899
-&TYELTIT
«16716299
10797558

a1
alL
ou
o3

APHRUDIOCENTRIC CONIC

DY
PTH
PVE
uYs
DYH
o¥YT

RAK
UES

or
PiH
DYE
o¥T
RST
EMP
EnMS
ISP
RPT

SIN

=2 14916175
+68466354
+2370581%

-4 35639852

=.53265234

--l0091182
+5TT98435
+12821E7D

=.23221H1%

CEC. 14,1907 19 49 51.431

EQUATURTAL CODORDENATES

o2
02
a0
a1
ao
az
08
03
02

DI ~.T2116T79% OBl
AL L11972300 03
ALE .269953561 03
nts -.153550085 01
OIK —. 13055408 00
DIT =.2565B0L7Y O1
vT  .120584585 D2
LOK L I07T493& O3
DEH 19337545 D2

EQUATDRLAL COURDINATES

-=11370190
- 12123937
+35437852
—aT346T1988
10757002
80703715
=53256800

= 18504685

39126985

-11:19915

o2
ot
33
ol
09
az
o2
ol
0s

o3

DI

AL
DZE
T
V5T
HEP
E5K
SIP
5PN

=.56021710
» 95825938
« 15355085
--11325095
=35228410
-98918229
- 0231507
«TOL70748
«1230E217

o1
02
oL
o1
02
02
o] ]
Q2
03

EQUATDRIAL COBRDINATES

0y =.40229923 01

PTH
up

=14106330
+TIG2IH40

ol
-02

Nz -.45696615 01
Al  .21265Q003 03
asp  .SL1T42%0 01

DEC. 1441962 19 46 5B.745

- 49B62266 StR .21174185 06 APO  .000CCO0O DO RCA  .39112531 05
€1 .26592%M ﬂb TFP 17248546 O3 FF  .I8242908 01 LEF .T7883724 01
Ea . 13765840 O] KA _45103403 U1 IFi 78262896 Ol
ZAC L T1945343 02  DEF  .25295826 02 [R 13206245 OB GV -, 3084%612 02
ALL VECTURS REFERENCED TO EARIH H?l.lATﬂFl PLANE
L =, 2654A340 05 DX -.305538499 OL DY =.4022992% 0} -. 65596615 Ol
APF  .22221180 03 HX -.456857002 QU HY -.59400908 00 S3MTTI 00
Hi -, 41899856 00 Px 78573211 0O PY ,10227r¢0 0D «6L0052TH O
QL -. 61251519 00 RX .337TBluyt OO RY _7LI3B9434 DD R -.61339493 GO
B2 -. 467719571 0D TX -.90392326 00 TY .42T&34T| DO & .ov0uO00D0O 0O
St —-T89T73180 00 DAL -.5214431% 02  RAL .24%6TH6G O3
SI0 —.492Z6198T 00  UvAN -. 31508153 G2 RAD .224658B3 03
ETC .250F6351 03
1 L480862266 0% THA .13308%26 03 T YECTOR Ty EARTH EGJATOR PLANE
ALL VECTUAS REFERENCED TU ECLIPTIC PLANE
1 —-.2392903% 05 0X —-3055389% DI LY =.55009224 O1 DI -.25736633 01
APF 223754635 03 HY —.4a633TO0Z 0O MY «, 80512304 O *l =-.15361931 QD
Wl -. 102674960 00 P .T3513209 0O PY =.14B8B61/3 0O P —. 6003?54 Q0
42 -. 38100645 00 RX  .15308952 o0 RY .4B018912 QO RZ —.863T702%2 OO
Bl =.50221853 0O IX =.952715257 00 IY 30314750 00 2 .00000000 OD
SZE =.504010192 0O 0Al =.30245120 D2 RAI 25231716 O}
SI0 -.24108117 00  DAU -.13950360 02 KAD L23LIZTT5 03
EIL .26213010 O3
B .4BB&2Z66 OY THA  .1%444588 O3 T VECTOR EN  ECLIPTIC PLANE
ALL YEGTURS REFERENCED FU DRuIT PLANE OF TARGET
I -, 22056476 05 DX -.606688T7 Q1 DY  .15145495% 01 02 -.26680164 01
APF  .2343864% U3 HX -.39330Tié 00 HY .24318280 DN #2 -.3Tasdlas 0O
W2 =, 13408640 OU PX  -40905A06=D1 PY =,B83250846 0O Pe —.55204755 00
0l =.231552464 00 ®X  .50638496 00 RY =.00010842=01 RL -.B6211938 00
B2 -.45206972 o0 TX  +35248620-01 TY .99915208 00 T¢ .00000008 OO
SI1 --506TOSLA 0O PAT --304%4610 D2 HAL L17I95%0L 03
SI0 ~-.26475338 00 5364182 02 RAD 15879524 D3
ETC .27339348 03
B 48862265 05 THA 14737414 Q) T YECIOR 1% DR6IT PLAVE DF TARCET


http:0*3264.85

JPL TECHNICAL MEMORANDUM NO. 33-204

CASE 1
632621135664  LINTOES61066 [}
210742000968
2LT72I515530 214622511018 &
U HATRIX FOX MAPPING
x Y
L. «10955738 01 .2262ZB33T7 CO
Y 28856167 OO ,10270700 O
z + 14890519 00 .1BOSB7SC DO
[ STS527639 06 .15126123 06
oY « 18940998 06 67661268 06
oz LIATUTTAT 05 10145706 Of
MY —. 11663449 11 -.12298924 11
AU 410844571 DO . T5123422-D1
COVARIANCE PATAEX AT
x Y
X «4T2IS285 11 . 3BA2594T 11
¥ LIPATSORT L1 LIASHHE94 11
4 »2011307D 11 .)7722058 11
ox -TA0T2425 07 .20895190 OF
oY $T261593 06 L54127742 06
0L  ~.BASATBE3 06 —. 74T441A1 06
HY  -.1556139L-07 -.18LT4259=0T
AU 434510615 O  .31B44926 D1
U PRADULT RATRIX DF ST
3 ¥
X 56437986 A1 .42107851 01
¥ +10343361 00 .48017091 a0
4 +22739587 Q0 .2Las8A5E an
Bx «197648677 OR L¥985615 OB
i g +ED5ADL2T DT L11420A82 OB
o «A0302329 D} 44303611 OT
L ~e JEEE139L 1)L —atAl14209 11
At LA3R44246 0O - 12737371 QD

ENCOUNTER PARAMETERS AND STATISTICS 42712714

] »hBERG3I381 O5
0.k0 +29623516 05
B.TQ =+ 51606075 05
B.RC 428412022 05
8.lC -~ 39152714 05
1 «1002F25Y O}
THETA »3T570A43 02
N NAIRIX
B.RD

B.KRl +B454BL5% 1O
a.fa =+B820%1090 10
™ «26191345 10
.3 =.59491386 U5
S.15 2253831 06
S.RS 11688524 05

MHORKALTIED H Milaily

B.AD
B.RO +100600G0 OF
B.TD =.TABGETIL OO
L +?0773323 Q0
3 =.96340566% OO
5.15 «923556656% 00
L.RS «97479126 OO

185¢Y5-JPTRAJ-SPACE 022265

30427201058 6037301254337
L¥448305440
17601593043 602611205254
FORWARD
Z ox
«3582%143-0]1 -3B9T1570~0%
15926470 00 .3BAODBSSD-D4
+92539933 00 -.4E092930-0T7
61127321 D5 27719612 €2
«871D7397 05 .2511234% 02
-62498159 06 -.10337408 0L
=-11436326 11 -.11459570 0T

«54250283-D1

JHPACT

z

«20L13070
-171220%3
=10110164
<0430 527
-26932393 06
+.%1058653 06
=+ FT080953-07
+22685311 0L

11
11
11
o7

«20273964-04

Dx

+ 24072535 (7
~20895190 07
+1D%BA52T OT
~12503391 02
~35761035 02
-« ®5555512 02
= 13852334-11
«55924926-03

DY [:12

212161593 06 -.B8647863

SHLZTTA2 06 —. THT44L

28392393 04 ~,41058659

«35T6103% 02 -.45555%5

+ 12487717 Q2 -.13385001
-1736925¢9
~%3232970-12
+13441655-03 ~, 15556723903

=13385001 02
=4B5084T5-12

ITERATEUN YUMBER

LL g

~.15561391-07
= 181 T4 26907
= 170809523-07
~a13852334~11
= hE508475=12
~h32ITITO-12
«99599998-18
00000000 0D

o6
o
(4]
[F4
02
02

al
12

608531616254  6D3I5I2066024 EARTH
ao0000000400 {NITIAL
602400721472 S03442TH3230 YERUS
235605635587 20266TILTTIS END
ITERATION KUMBER [
DY Dz L1 AU
+29659219-06 -.137193 oo
-«12657212-0% =.40772528-0% .000D00G00 OD .0HOVOCOD QD
«31992660-05 ~.226471T2-0¢ .00000000 00 .GOOOOODD OO
+20412752 D2 ~.94570649 01  -0D00000G 00 .{H0O0DDOOD OO
=«T5215715 O =.23777418 01 -00000COD OC .000G0O00 GO
=21220986 01 ~,14140570 07 .Q000O0O0D 00 .0GOODDODQ DO
«46888673 08 .27653503 06 .10200000 Gt .0CO000O0 OO
+53212774-0% ~.67916350-05 .00000000 0¢ .100G00000 O
ITERATION NUMBER -3

Au

= 3hsl0s15 D1
«31845928 01
«22685311 01
-55924826~03
=13541655-03
—-19567238-03
+000G000% 00
25000000 D2

EP MAPPIKG a
2 ox oy oz Ky ay
+21757652 01  .277514A1-03 .95502075-04 ~.101T1062-03 .40000004 04 .00000000 00
-30603342 00 (32273459-04  .12872869-04 -, 14935375-06 .00000000 00 .40009000 00
~-19479862 0 L15846207-04 .21757(87-05 ,23402809-05 .O00ABBDD OG  .QO0BO0SD GO
~T2116837 07 LOB2BU662 D3 .I&&95230 03 ~.3%4B743ZT D3I  .000DDDOD OO  .DDGPROODA OO
-46343167 D7 ,S49DB4RI O3  .2788519% ¢2 -, 156720472 03 .DDDOOCOD OD .DOCOCODO O
-523T%215 OT .20255576 03 .4A237N67 D2 -. 15515567 03 .ODDODODS DD .DGOJO0OO OO
—=17060933 11 -, 13852335 OT —, %A303476 06 ,43232971 06 .IDOODOGE Ol .00000000 cO
=90T41242-01  ,Z238957)-04 ,53766621-05 ~.786268958-05 .DDODDDGE 00 . 10OGOCOD OL

134658, 745

SHAR 13627722 a6

SHIA »25259093 05

DL T .31379407 aS

DEL B -14501931 Q&

DEL 5 17077874 04

OEL PR + 91950071 05

BEL 8F L1131 744s 0B

BeTO {8 c3 S.TS SRS
--02051087 10 «26E9134% 10 -.59891937 05 -22538312 06 11646524 D&
~12802455 11 -.30171758 Lo -64TRAHYS 05 -.2B456Z52 06  —.14590042 06
-«30171755 O 98467971 9% -.20929726 0% +80506390 05 +41782426 D5
«64763775 05 ~.20929769 05 -4S701790 00  —.1T44l461l 01  -.90371%0% Q0
—-28856251 Q& +80506391 G5 =+ 17441467 01 -T0437215 01 36340358 D1
=«14590043 04 -4LlT742426 a5 = 30370227 00U »36340358 Ol 18758385 &1
B-70 ™ 3 5.7§ S.AS

=« TEB46TER 0D «90773219 0O =+ 96349549 DO «92356662 DO =%2419222 00
99999999 00 ~.8445BCK3 OO ~B4622042 00 ~.94TIBBTE 00  -.94126186 QO
-.8%958081 00 -10000000 01 —.9B66189% 00 96667782 00 +97215390 00
-B4621952 00 =.93552093 Q0 ~10000000 01 -.97210949 00  -.9760379% 00
~.94T38BT5 Q0 «QEEATTHG 00  -.97211093 d0 +10000u00 a1 «99974760 OB
-.9%126187 00 +9I21R3I0 00  —_9T603603 U0 999T8T65 04 +9999993% 00
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DR/D0D MATRIX

B.RU Ba1D) TL C3 5. 73 SRy
X -19432513 01  -.)068TED) OL -71810829 0D - 155025912-04% ~6T3THZ50-04 +34T794B29-0%
¥ «126618)2 00  -,37BT2959 OO 9906524 T=01  ~. 15491778-05 «TIVS0BT7Z-05 +41622495-05
4 «34317390 00  =-,17255082 OO0 -.4566B7256=02 +86614351-06 +3T646641405 ~-11158850-0%
ox -641BOTIL 07  -.1114%A17 Q8 23966677 07 -.51176249 02 +23588386 03 +12053721 03
oY 83818714 OF -.|5729188 OF SLET48565 0T -.41520924 02 =1136558T 03 «60L19T85 D2
o2 =.10816208 D& -.53123703 04 +11391386 DT -+15014257 02 83361703 02 25196701 02
HU =55540655-01  -.76096551-01 =.26623533-p] e L4224 E68-D3 «SDTTT522-08 -AD4ABB22-06

DM/DO MATREX

B.R0 B.TO T c3 5.75 SRS
X 21496956 00 =.7l465395 00 +55361286=01 2 33640456-03 =1D11BOS7~0% =62313123-0%
T 50157931 00 -54188397 0D 14795535 00 -, 11025433-03 + 2065807905 + 12¥225483~05
2 ~+IL4T2651 OO -.PB745307-01 »FTETLBST-0L “+21537026-03 -, 56003876-05  -.51622475-06
ox —al1462816 Q4 -.42094133 0%  -,6756041&4 03 =.T1121789 01  -,203549)7-Q01 -.125)5191-01
or +420Z21899 04 --252395813 0% »4580L9TH U3 =. 1024644400 02 =17524200~0L 1079046010}
br 82683492 06  -.HBIODSLE DY ETGZEIB4 D)~ BITLG28T OF  —.5E94LLI2v0) 4258965 T=01
LU =.33843363-01  -.14DD2395 0D 1758357602 2P 120149804 21826939305 112350468-05

N HATREX FOR MAHEUVER CALCULATIONS
B-RC B.IC T
B.AC «959641567 10 -.B4255351 10 =32634384 05

B.TC —.86255%46 10 +11664085) LL ~+ 32763030 0%

118 2320634304 95 —.32753010 45 EI1Y906Y0 GO
0G0 141631 OFFLINE €0MTIROL @27
LLLLIS RS L ) TERMINATE JOU
0000 14143 END DATA {10

SOURCE PRIGRAM LISTING
Nl DoPx 9

[ 149 LIL IR FLIFLT
45384 /m1 . 0ELR
12 Lak2 %
#4813 SPACE X
SCFDAF=2
. wWART N9 o (MDOFH L}, ZODy | HITOR, BRADP T 428
. waANT VLLe LIAPEXHy 6
- WANT MLZEXND, INJEE, T, [XNI—0, ENIY D, 1
* ETC 1XNS=2y TNJZ 1 La fXHI=y IHJOXD o 1
- ETC AXN=4p INJOT) o 19 EXHD-5, INJDZ] .1
. ETC {EPDCH, THIT), 1, {EPICH-1, ENJT+1 3,2
. ElC {0UT s GRAV=21 4 14 (AU+SCALEL4LE,1
. ETC [REsSCALEL Fal, I PORE; HAXHN#SF, 1
- EfC [QU HAHMY + &) 5 Ly EQH HAAMY+ )5 ]
- EiC 1QJ,HARMN+2),5 1,
. EfC {GHAVMsGRAV+1 ],
- €1 {GRAVV,GRAV+3 L, L
- EIC {GHAVILGRAVHS] o 1, ISTEPaHI4L
. EIC {TASGEFy TARBCO 41+ [ AREA,RADIPI23)41
. £1C AGHEpRADOP (+6T (¢ LEHASS e RADIFT 534 L
- £t 1FAD,GASDP §+9), 1, FBR. GASDPF« 12
. ETC LFLO,CASOPI+15} 1, LFAL, CASOPT+8)
- £TC (FBY, GASDPT+11) ;1 EF LA GASOPT1S}
+ ETC (FA2yGASDPI+TY) 1+ [FA2,GASORPT+10Q)
+ ETC (FC24GASOPT+12} by [JETON,GASOPT) # 1
. ETC CJETUH GASDPT+2),%s {JEFDN- 15 GASOPE+3}4 1
. £7C (JETOFF,GASOPT+5) s 15 [JETOFF=1,6ASURT+5) 4]
. ETC CTFIN,SFCPS0} s LeLIFIN-L 4 SECO50+11,])
- (FMASS.GASUPT*18141
GASOPTel={CANOPUD
[HJECOvEEARTH]
eNlE LALL HA B2
. ANt NSy IC1ATI 1
« WANT Y134 NCLPT ¢ ERAUESLIal ([CLPTS1,TRADE],L
- ETC (CLPBTCLTRADE 2 e La {CLPARC L ERADE* 3341
- EIC CCLPBTT TRAUE * 4o La {CLPRRT, TRAOESS],L
L ETC (IaPEX}. G
Nz LA2 NEZex
-, [ A NEL4 LEPOX]415
ANZh LaZa NO4N12
a3 LA3 NINI0
NG LA% N8y 412
LULY LAS N9aN412
"o Las 2
k¥ LA? N94N104HL2
- WANI YO, {AFRICR=19,APRIIR-19),2D
ang LAB YeML2
sKID  LALO AL
(33 EHD 1]

YHERE WERE WO GLEZRIYG SJUARCE DECK ERRORS.
THE ODJECT STRING HAS Q05M4 JCTAL Uk 337 DECTIHAL WORDS.
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0000 141751 PAGE HEADIHG 23

0000 14175 (MDOH CHECK CASE - PREDICTIONS)

00D 15175 tol

QooD 14175 540702910,2758000

0000 14175 GEDCENTAIL POSITION AND YELOCITY AT EPDCH toz

0000 14115 Xa.1566TASIEL Y2.53041615E5 2a.BOTTTZUAES

0000 15115 DXu. 14342616EL DYr,97256996E0 DI=.2B81151%9ED

Q000 14175 OTHER DPT[ONS AND CONSTANTS to3

o000 14175 SYNFRQZ203a516.

0000 14175 TFREQ=7590A30.

000D L5175 POINTING FIMES, SAMPLE RATEs CIUNT TIMES ur

o000 14175 JETGLZw640T0291 0564070301140, 12004460,

0000 14175 TRANSHITTER [ TABLE tze

0000 151TS 222038516,

Qoo0 15175 OFFLINE CONTROL 127

0a00 14175 KEY(8) KEY(13}

oDoD 14175 £ND DATA ]

CASE 1 185¥5~JPTRAJ=SPALE 022255 1

BOUBLE PRECISION EPHEHERIS TARE - EPHEML
CHE  .398500&3 D6 J -16234500-D2 H =.5T499999-D5 D .7AT49959-05 RE .637B1650 0% REM .53783112 0%

6 <466T09998-19 4 LBATBL796 2% 8 .B8300L94 29 € .BAA369TL 20 ONE .41TEOT41-02 AU 414959850 0%

GMM  .49D26293 04 GMS .132T14E1 12 OMY .3247662T 05 GMA .4Z977368 05 GHC .37916700 08 GHs .12670935 09
EGM .39B6D320 05  HMGK 49027779 04 Jk  .29200000-02 HA .CODDDODO OO DA .0000D0CD 00 RA  .34170000 0%

IHJECTION EONDITIONS

GEOCENTRIC
CARTESIAN

HOOR

2353666506353202600000000 J.D.= 2632605.936087956 JULY 29,1954

10 27 58.000

20 . 15667453 06 YO ,.6304161% 05 IO L807I7203 04 DXO ,14342616 01 DYD 97256996 00 DZ0 .2811419% 0Q

TD 37676000 05 GHA .10409373 03 GHD 30667227 03

DATE OF AUN D22265A 14135 EARTA IS THE CENTRAL BOOY FOR INTEGRATION  COMELL EQUATIDNS OF HOTION
O OaAYS 0 BRS. O HIN. 0.000 SEC. 235666506353202400000000 J.0.3 2432605.93608796 JULY 29,195% 10 27 50.000
GEDCERTRIC . EQUATORIAL CORADINATES
X .l566T452 Q6 Y 53041512 05 T .80777202 0% DX .1%4342615 01 DY .§7256992 00 ez .281li6193 Q0
R .16907512 06 DEC  .2738400% 0l RA  .21918529 02 ¥ «17555789 01 PTH 76221923 02 Al «61412202 02
R 16907512 06 LAT .2738400% 01 LON  .27782479 O3 VE .12070910 02 PTE .B1207508 Ol AZE .27095862 02
X5 =.H9949372 08 ¥YS .11227336 D9 IS .&8686598 06  OXS -.23515929 02  OYS -.1507768F 02 DIS -.6971%988 01
M 38246410 06 Y L2T455507 05 IM =.26012551 D5  DXM -.B3439034-01 DYM .93230192 00 DIH .40935490 00
XE L AB246410 06 YI  L2T458507 05 IT =_26012551 0%  DXT -.83%296883-01 0YT  .93230192 00 DT .40%35490 00
RS .1518T686 09 ¥5  .29327501 02 RM  .)B432968 05 ¥H  .l0216263 01 RT 384329568 06 YT .10218268 0L
GED .271570333 0L ALT  .16269697 06 LDS -2%606T715 02  RAS .12870045 03  RAM .41061295 01 LON .26001239 03
cuT  .35000000 02 DT .1200000% 03 DR 217051340 01 SHA .163357F4 06 DES .13597172 02 OEM -.38380%5109 01
€L .2584%0726 03 MCL  .11052996 00 TCL  .1105299%6 00
GECCENTRIC COWIC
EPUCH OF PERICENTER PASSAGE 235666450062202621300000 J.D.» 26325605.20642516 JULY 28,1956 17 11 39.136
SMA 24808791 06 ECC  .97401695 00 B .55279828 05  SLR .1251950% 05 APD 48183367 06  RCA  .6342L44B 04
¥H .14661081 00 C3 -.16330208 01 €1 -TO&4E933 05 IFP .621T78B6% 0% TF —. 17271907 d42 PER .20002258 05
TA .16192549 03 HTA L 12000000 03 EA .7160%%88 D2 MA  .18651553 02  C3J —.20370820 01 TFI  .00CQ0000 00
ALL \IECIORS REFERENCED TO EARTH EQUATOR PLANE
X 15667452 06 Y +53041612 05 I -80777202 06 DX .1434261% 0 BY  L.97256992 00 0z L.28116198 00
INC 28707458 02 LAY  .15908121 02  APF  .20373213 03 KX -.36898640 OD HY .8G5807909 00 MZ  .4T7795833 00
WX L139TD1L1 00 MY —.45957623 00 WL .BT703195 OO PX -+ 17265498 00 PY —.80455107 00 PL 219370658 00
ox  .6192633% 00 ¥ -.565062065 00 QL =.%395503] DO RX 152557288 00 RY .11936638 00 RLI -.9BlO59&8 0D
8% -.61928406 00 BY .565062043 00 BI 443955042 00 X =.61622264 0D TY .Te?5T200 00 1L .00C0000C GO
oA - 121691T6 Q2 RAP 21504081 D2
810 49421011 05 8RO ~,25T6T3T9 05 8 .55279828 05 THA .33338222 03 T YECTOR IN EARTH EQUATOR PLARE
CASE 1 I8SYS=JPTRAJ=SPACE 022265 2
HELIDCEHIRIC EQUATORIAL CDORDINATES
X .90106C45 OB ¥ =.1E221032 09 1 -.48678520 08 Dx  .24950250 02 DY .17050251 02 Dz .72531600 D1
R .15192055 09 LAT —.18688381 02 LDN .20376483 03 v .3l077876 02 PTH —,2176B085 QO Az LT750L34L0 02
XE .H9959372 OB YE -. 11227336 (9 IE -.%B6B45%8 08  GXE .235159a9 02 DYE .16077681 02 DIE .&9719988 O
X .90331436 08 ¥T -.15224590 0% IT —. 48712610 08 DAT ,225325%4% 02 DYT .17009983 02 DIT .713813538 ol
LIE -.1869T172 02 LOE .3087T005% 03 LTT -, 18440121 02 LOT .30882593 03  AST 15209175 09 VST .2983kad94 O2
EPS  .T49949%3 02 ESP  .613T3LC0-D1 SEP  .1045433% 03 EPM .14723361 03 EMP  .13773981 02 HEP 18992403 02
HPS  .13ITTTIZ2S 03 HSP  .58931450-DL SHP .4217022% 02 SEM  .1239357% 03 EHS .55944139 02 ESM .1201278T 00
APM  .23110470 0& 5Py V2633120 Q2
GCE .101%9274 D3 LET  .2B170329 03 SIP 413734034 03 CPY  .920251lD0 02 SIN .915%4195 02
REPF .1690T513 06 YEP .12555769 01 CPE .9T&BH#351 02 CPS .T&BTTHLS 02
t DAYS O HRS. 32 MIN. 2.000 SEC. 235666561554202000000000 J.D.= 253B506.,95823333 JuLY 30,1964 11 00 OD.0OD

x

R

R
xS
XM
x¥
RS
GED
our
coL

EPACH
5HA
¥H
TA

INC
WX

BX
OAP

]

=

Q

GEOCENTRIC EQUATORIAL COORDINATES
=250840%0 D6 ¥ .134024614 06 t .30322390 05 0X  .81614400 00 DY 57379518 OO0 Dl +22454298 0D
28601301 06 DEC  .60858957 01 RA  .2811595% 02 V¥ 210819020 01 PTH .T7274393 02 AL  .561615284 02
«20601300 06  LAT .60859957 01 LON .27500634 03 VE .20556600 02 PTE .29427204 01 ALE -2T031620 03
—+92013117 08 ¥5 .110834878 Q% I5 .48063450 08 23214413 02 DY5 =_1645]1568 02 OIS -.T1333363 Ol
«3G&RY540 D6 YH .10819357 06 2ZH . 10548403 05 2284243 Q0 BYM LBBTLTID3 GO OIM .#1%20339 00
+36589540 05 YT .10819357 06 2T . 10548403 D5 DXF —.32204243 00 DYT .BA7L7TD3 QD DIT 51420333 DO
215185954 09 Y5 .29333497 02 RH  .36036037 D& VE L 10309582 01 RT 38036037 06 ¥T  .10309532 01
+61270553 D1 ALT .27963504 06  LDS . 16588743 02 RAS .12969836 03 RAM _16532524 02 LOM .2563422590 03
»15000000 02 09T .&800D0000 03 PR .10553252 01 SHA ,28251%17 Q6 BES -18451435 02 DEH .15391664 01
+25920146 D3 HOL  .11192516 O1 TCL  .L11925k6 D1
GEQCEMTRIC CORIC
af PERECERTELR PASSAGE 235666450333202544400000 J.D.x 2430605.22424520 JULY 25,1964 LT 22 S4.718%
«2485500% 06 ECC  .9760735% 00 B .53607772 Q5 SL -1186586495 05 APD  L4BT18123 05 RCA  .545948163 04
13991439 00 C3 - 16l67T84 O1 Cl 58163673 OS5 1FP 14962521 D& TF ToB4225 02 PER 20304432 05
216934513 03 MTA .18000000 03 EA 99461039 02 HA  .4&K2T3E4T D2 €3J -.205T16T4 O TFI  .2453388% Q2
ALL VECI'BH.S REFEREHCED TO EARTH EQUATOR PLAME

«25084050 05 Y L1}402614 05 2 -30322890 05 PX  +RL614400 O D +573T9%st8 Q0 Bl 224654293 00
«285T&6TL 02 LAN  .1T7015325 02 APF  ,20329595 02 MX =,.45%05374% CID KY 15220646 00 ML 47271026 00
414175438 00 RY -.46324717 0O Wz .87481701 QD PX ~,1TTD2823 00 -.59959958 00 PL —.19159193 00
«b1329434 00 QY -.65259660 00 QT -. 44495799 OO0 RX .1%168230 QO RY 11708677 00 RL —.5314T46T 00
~.61329438 00 BY .65259664 00 Bl .44%95801 Q0 TX —.61091702 00 TY 79169463 00 TX  -GeoJDO00 0D
-.11045703 02 RAP 21765564 03

L&TTB21T4 05 HRQ -.24303416 05 B .S350TTT2 05 THA .33104076 03 T VECTOR IN E2RTH EQUATOR PLANE

250



JPL TECHNICAL MEMORANDUM NO, 33-204

185YS-JPIRAJ-SPACE Q22265

-+480313237
« 30930913
=+ 480436060
-.48053111
~= 18429168
+ 98964 T64
=372l64%0

« lal9r392
-9B321564

- 303T676%
-281256082
-27401373
48061947
- l06&T40%
- 10667809
- 18035945
- 15568715
- 10542562
«LE199382

a3
03
Qu
o8
G2
02
02

03
o2

05
L1
a3
08
o5
0%
0s
0
[ ]}
oy

bx
v

DXE
DAT
Lot
EPH
SEM

ceT
crs

SHA

224030557
«304L2018
«23214413
22891571
30983725
13630553
11136139

- 93302061
S TH9TBTSY

-B1519112
+10B0T990
+205T4%02
=.2321356%
32340464
-3234B485
- 10309553
«12970107
~-28277598

GEOCENTRIC CONIC

az
a2z
02
02
03
03
03

02
D2

oo
aL
a2
0z
a0
ao
o1
03
L]

oy
FIH
DYE
YT
RST
EHP
EMS

SIN

23566656155020200000000¢ J.D.x 26385605.95111111

DY
PTH
PTE
ors
oYM
(41

RI
HaM
UES

«1T125344
=--398132041
16451548
17335725
-15199850
»31295930
-BB50507T

492459653

Q2
o0
02
02
[iL]
02
02
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STATION HUMBER 2 84407729 PAGE |
TIME R’ bR EL AL EC HA c cc3 3 RU
110000 16755796 06 .15050596 Ol &7.636 136.455 1.705 332.326 1¢1078%9.13 1023059.11 1023089.11 0OLL442521]5
3000 L1T02B671 OB 15274755 Dl S1.590 1462367  1.8%6 339-850 1010980.92 1023%12.66 LD23%i2.66 DOLI56233643
120000 +17305066 D4 L15529082 0) 54,595 157.864 1.982 347.384 1011155.81 102380744 1D23BD2.45 GOLLTO3IE233
123000 JEISBIBAS @6 L15B04852 Ol 56.38% 170.809  2.113 354.924 IQEID6T.16 1QZ4ZZ5.1D 1023225,10 OODL202572305
130000 +1T374913 Gé  LU16093108 Ol 56,767 1842497  2.238  2.466 10LLS08.05 10266566.91 1424666.9L GOL21516537S
1331060 . 1B1&T214 06 ,16354B02 01 55.485 197.936 Z.358 10.006 Lol18Lll.&1 102511%.00 LO25114,00 OOL227T2250L
1640000 18464129 06 .166T0F59 0L $3.281 210.238  2.473  17.544 10012030.93 10255%2.64 1025552, 66 QOL242621237
143000 .18¥6T2B1l 06 .16943014 0Ll 49,800 220.912  2.%84 25.064 100223%.3% 1025949.58 1025969.58 DOLZSS5656143
150000 19074539 06 .17192679 Ol 5,509 230.131  2.690 32.530 1012430.72 1026352.23 1026352.23 ODIZT1043153
153000 L17986D3Z 06 L17412398 0L 40,035 237,930 Z.791  A0.0T5 JOI2SS9.0B 1026688.97 LO24L60.97 O0LI0SILTI4]
160000 19701158 D& 17595327 0L 35,353 244.64F 2.090 AT.581 1012739.23 1026969.29 1028969.27 00LIITISTS0R
163000 L2DQI9198 D& 17735684 DL 29.790 250,502  Z.905 55.02% 1012886.556 1DZT7103.99 1027103.97 001333456273
170000 ,20339335 06 L 1TE2TASD DI Z&.D&2 255,830 3,078 A62.468 10)2917.20 1DZ7325.29 1D27325.29 DDI3AT224262
£71000 20660642 06 176684582 Ol I8.i79 260.685 3,171 49.884 J012948.01 1077386.95 1027385.95 001343620561
180000 20982235 06 L1TASHGBT 41 [2.248 2865.250 3.281 T7.2601 LO0L293&.66 1027364.27 1027344.27 O0L3T6A3LR43
183000 .21303024 06 .1T7A7053 01 &6.3868 267.6%2 3,392 3%4.596 LO1ZB8E.63. 1077256.27 1027254.27- Q01412403511
190000 21622002 06 L\TIOTTTZ 01  .B03°273.967  3.697 91.6%3 1012782.75 1027056.52 £027056.52-001526123757
&GJ0 T30
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STATION HUmBER 1 SRIOTIZY PAGE 1
TIRE ® DR T AL DEC WA <1 [ %] L3 RU
110000 16754784 06 15050839 Q1 #7.774 L36.409  1.709 332.341 1010789.32 L023069.48 1023069.48 001144227211
113000 -ATOZTETS G& 15276002 01 51-736 1544322 L.051 33%.90% L010961-.87 L023414.55 1033414.55 0011546211127
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123000 .1758&929 04 L1SEOBOL3 O S6.5&2 170.873  2.117 354.980 [011359-58 10256229.95 L02422%9.95 001202551115
136000 17874042 06 16097161 01 S5.911 1B4.619  2.242  2.F22 1011591.17 r024873.13 1024673,13 001215145485
J33000  L18166443 DA 16389676 D1 55.813 198.00% 2.362 Ll0-062 1011615.34 1025121.47 1025121.4T 001227704147
14DCGO  +2B45405) D& L156TH500 D1 53386 ZlO.4i% Zo&TP 172597 MOL2035.23 LD25561.24 1025561,.25 (Ql2A2804517
183000 L2BT6GTIL D6 L1508%262 D1 &9.081 221.162  Z.587 25,123 10E2Z46.18 1DZ5979.16 L023979,186 D01255843453
158800 .19074DBT 06 17199454 D1 45.583 230.310 1012435.91 LD26362.62 10256162.62 DOI2T10I2575
153000 19385706 06 17419681 Ol 4G.674 23e.093 10E2604.5% 1026699, 78 10256599.38 COLISA34LZSL
1860000 L19T00963 06 .1TE02T95 O1 35.3T4 244.791 1OL274%.95 [0Z6980.73 1026980.73 OQIILTISAYTS
143009 L20019140 0& .ITTA3108 01 29.795 150.665 101255241 POZT195.68 L02T195.50 001333555217
170000 .2033951% D& .1T835493 01 24.034 255.933 1012923.06 1027337.02 1027331.02 001347225653
173000 206560885 06 17875998 D1 18.153 260.7T0 1012953.80 1027393.52 1027398.52 0013562024613
180000 .20982585 04 .17862029 01 [2.21lé 265.312 1012942.21 1027375.51 102Z73T5.5L QCL3ITEE2TIIT
163000 .21303504 06 17794119 O 6£.325 269.694% 1012886, 9% 1027264.98 102T266.98 001412414471
190Bh0  LZ1622604 056 17716328 DL =T59 2T4.003 3705 $1.691 1P12787-TA 102706640 102705650 OO0I4ZELITIE]
&4701130

070008 427016126 086 ,T43I54145 00 [.353 8%.548  5.231 267.95¢ 1006983.37 L011457.84 1011457.84 001733225287
073000 .ZT149878 D& .TIT1585% DO T.141 80.773 S.llf 2T5.141 1004923.27 1011337.59 1001337.59 QULT401327sr
4BO0DO  L27242795 D& LT3308231 00 13,190 93,050 5.128 202.540 1006912.35 1011315.72 1011315.T2 001T45022735
083000 27416031 D& .T4ILITE5 OD 19,300 9T.4B4  5.184 290.D15 1004950439 101139l.74 1011391.74 QOLTSLTLIGLTS
090000 (27550723 D& .T5433312 DO 25.358 L02.194 5.237 29T.506 1005035.91 10LE562.73 1011562.73 O0F756650015
093000 .ZP681950 G6  .TT71A0234 GO 31.322 lOT.328 5.292 305.017 1005166.59 1011824.06 1011824.06 007626574613
100000 LZTB2ATH4 04 .T?374451 00 37.128 113.072 $.347 AL 2,547 1005339.24 101216940 1012169.%0 0QL7TOTITIIRS
103000 .2T9T4081 06 .BZ144929 00 42.686 L19.669 $.400.320.091 1005550.04 1012590.87 1012590,87 00LIT623L171
110000 28125751 06 .65330990 00 «7.B70 127.430  %.453 127.644 1005794.19 101307%.123 1013874.13 002003634236
0000 152111 OFFL IKE CONTRDL LF4)

006D 14211 FEAXINATE JOB

000D V&ZIL END DATA to
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