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THE ORBIT DETERMINATION OF SOLRAD 11

Introduction

On March 14, 1976 SOLRAD 11 was co-launched with LES-8 and LES-9
into a synchronous orbit with the Titan IIIC. From this parking orbit
Solrad 11 was subsequently maneuvered into its final configuration.
Basically four different types or orbits were encountered from the time
between orbital injection and the final configuration.

1. The Synchronous Arc:

This was basically an eight hour coast between orbital injection
and the firing of the PKM. Very little ranging data was received
and thus little more than a confirmation of the Standard Orbital
Parameter Message (SOPM) was obtained. Tables (1) and (3) indicate
the pre-launch nominal synchronous coast orbit and the orbit actually
obtained respectively. The close agreement is quite amazing.

2. The Post-PKM Transfer Orbit:

After the PKM was fired and the twenty minute hydrazine burn
was completed the spacecraft was allowed to coast for five days.
During that time the spacecraft was visible from Blossom Point, MD,
for four separate passes. Ample ranging data was received over
the period to permit an accurate orbit determination. Considerable
trouble was encountered in the ranging system at this time and
roughly 50% of the data had to be discarded.

3. Pre-AKM Transfer Orbit:

At the second perigee after PKM a twenty minute hyrazine burn
occurred which boasted the apogee height an additional 10,000 km.
This was a highly eccentric coasting trajectory and was visible
from Blossom Point for a period after the burn and was again
visible for a very short period before AKM. The latter pass
provided enough additional ranging data to yield a solution of
sufficient accuracy to determine the firing time for AKM.

4. Post-AKM Phasing Orbit:

The firing of the AKM circularized the trajectory resulting in
a near-zero eccentricity orbit. Short hydrazine burns were
given to both the A and B spacecraft over the period of several
months in order to separate the spacecraft to their final 180 .
degree configuration and also raising both their respective semi- 2
major axes to 125,000 km.

Note: Manuscript submitted June 7, 1978.
§ 1
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Description of the Orbit Determination Process

A linear, multistage, stochastic process may be described by [see
Ref. 1 ]
X = ¢. x. +T. w. 1o =00 n -1
+1 i Py | ¢ 2 1
2 : p = number of measurements (1)
n = dimension of state vector
where x; 1is a n x 1 matrix denoting the satellite position state vector

at stage i, ¢; is the state transition matrix which describes the

evolution of x from the stage i to i+ 1. Ty dis a known n x r
matrix and w; is a known r x 1 matrix where r is the number of

statistically independent components of the driving noise.

The estimate of the state ii due to a set of measurements is
given by

X, =% #KCn, =B W) (2)
i i 170 i’
where ii is the estimate of the state before the inclusion of the
measurements, K; is the proportionality matrix or gain, zj denotes
the actual measurements, and H; x; are the predicted measurements
based on xj.

K, o @RS (3)
1 1 1
s gl WS el
p. = M.} +HE R W) (4)
1 1 1 al
t 3 et
P. =M -M HY(H M. HS +R) H. M, (5)
1 1 1 AL 1 1L 1 1  f 1
t t
. 6
T R e S e (6)

H,. is the sensitivity matrix and is the sensitivity of the ith
médsurement with respect to the jth component of the state vector.

M. 1is the covariance of the error of the estimate before the
measuréments . P; 1is the covariance of the error after the measurement.
R. is the measurement weighting matrix. Eq. (5) represents the well
kfiown matrix inversion identity. If p <n Eq. (5) is advantageous as
the dimension of the matrix quantity (H. M, Ht + R,) is pxp. If the
measurements are processed one at a time'thd qﬁantify is a scalar since
p=1. On the other hand if p 2n Eq. (4) 1is used as (M;l + HE RTH,)
is always of dimension n x n. The components of the process noisé are
denoted by q;-




The state transition matrix ¢ takes on the following simple
form in the (n, £, n, i, @, U) coordinate system.

1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0
(7)
¢, =
i
0 0 0 1 0 0
0 0 0 0 1 0
(e e, .3 0 0 0 0 1
where
n m/a3)'%
g € CoS W
n e sin w
x = =
i i (8)
Q Q
U M+w

In general either one or an arbitrary number of observations may
be processed at a time. In the case of Solrad 11 the range data was
assembled from a single ground station. To process a small span of
data it was necessary to include the a-priori weighting matrix M~
in Eq. (4 ) as the tracking covariance matrix (Ht R-1 H)'l was often
ill conditioned and thus non-invertable using only a single pass of
data. If at least three passes (3/4 revolution) of range data are
available, a fair solution may be obtained without weighting the
previous solution.

In other words set M'l = 0 and Eq. ( 4) becomes
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X, + Ki[zi - Hi xi] (10)

Eqs. (9) and (10) represent the normal equations for a weighted least
squares orbit determination scheme.

The user has several choices available to him. If a new pass of
data is to be processed he may either: do a batch fit using the new
pass and at least three prior passes of range data and not weight the
a-priori covariance matrix or: weight the a-priori covariance matrix
and process the new observations recursively. If the previous data are
unavailable, the latter procedure is the only choice.

The user has full control over: the number of range data points
to be processed, the number of orbital parameters to be determined in
the solution, and whether or not to include the a-priori in the new
estimate of the orbital parameters.

At present the NRL Blossom Point tracking facility provides only
range magnitude data for the SOLRAD HI satellite. The orbit determina-
tion program accepts only this type of data. It may easily be modified
to accept angle measurements should a future need arise.

The program is highly modular in design. This is advantageous
as new algorithms become available they can easily replace their
obsolete counterparts. Many of the Fortran subroutines that were used
in the orbit prediction module were taken from TRIP (reference 7).
The routines that make up the entire program are constantly being
updated to improve their efficiency.




Orbital Perturbations

The numerical orbit prediction module was designed to be as
accurate and fast as possible yet minimizing the required program length
since it was to operate within the limited space of the NRL PDP-10. The
force field was modeled to include the leading zoral harmonics Jjp, Jsz,

J4 and the lunar and solar effects. An analytical ephemeris was provided
to give the lunar and solar position as a function of time. Solar
radiation pressure was also included. The physical constants used in

the program are as follows:

Earth gravitational constant 398601.5 km3/sec?

Earth radius 6378.135 km

Jy 1.08265 x 10~3

Jz -2.5450 x 10-6

Ja -1.6715 ~ 106

Lunar gravitational constant 4902.7 km i

Solar gravitational constant 1.3271545 x | /sec?

Solar radiation pressure at 1 A.U.

assuming no reflectivity 47 m 305 DS
meter2

Satellite area 2.25 meters2

Satellite reflectivity 0.6

Ellipticity of earth 0.0818188108

Coordinates of tracking antennae
at Blossom Point, Maryland:

Geodetic latitude 38.4314 deg.
longitude 282.9135 deg.
altitude -0.0247 km.

The orbital elements are referenced with respect to the mean equator-
of-date coordinate system. An analytical ephemeris is used to provide
the lunar and solar position as required by the numerical integration
program. The solar positions are accurate to seconds of arc whe?eas
the lunar positions can be in error up to a degree. While this is
acceptable for the numerical integration program it can lead to poor
results in the computation of the times of satellite passage through
the lunar shadow. An accurate lunar model would require an ephemeris
tape. While the use of the entire JPL ephemeris tape is beyond the
capability of the NRL PDP-10, the use of an abridged version is
presently being investigated.

Although atmospheric retardation effects are not important in the
SOLRAD-HI mission, the program does incorporate an atmospheric model.
This is described in reference (2).




PROGRAM LOAD

This program provides a convenient way to enter a state vector on
the keyboard and form an ASCII file which may be used as input to either
the orbit determination program or the ephemeris generation program. The
operation of this routine is nearly self explanatory. The program may be
executed on the NRL PDP-10 by entering the command ' RUN LOAD". The
first message to appear is:

ENTER THE NAME OF THE ASCII OUTPUT FILE. THIS CAN BE THE INPUT FILE TO
EITHER THE ORBIT DETERMINATION PROGRAM OR EPHEMERIS GENERATION PROGRAM:
FORMAT (XXXXXX.EXT)

The user must name the output file at this point. This will later
become either the input file to the orbit determination or ephemeris
generation program. The file contains the initial weighting covariance
matrix which may be required by the orbit determination program.

ENTER SATELLITE IDENTIFICATION - (AS)

Here the user will enter a five character satellite identification code
on the keyboard in format (A5), i.e., enter '"'SRIIA".

ENTER MODIFIED JULIAN DATE - (15)

The five digit integer modified Julian Date of epoch will be entered at
this point, i.e., 42787.

ENTER HOURS, MIN, AND SEC AS HHMMSS.SSS

Enter the time of day corresponding to the modified Julian Date
entered above. Be sure to include leading zeros, i.e., 081305.321.

RECTANGULAR OR KEPLERIAN INPUT?
T!?e HRH or "5‘:

The state vector may be entered as a Cartesian or Keplerian state
vector.

FEET OR KILOMETERS
Type 'lF'l or "Kll

The Cartesian state vector may be entered in terms of feet or kilometers.

ENTER X IN KILOMETERS - (FEET) - F20.10)

Enter the X component of the satellite's position with respect to the
mean equator of epoch.

ENTER Y




ENTER Z

ENTER XD IN KILOMETERS/SEC (FEET/SEC)

Enter the inertial X component of the satellite's velocity.
ENTER YD
ENTER ZD

PERTURBATION PARAMETERS ARE 100011

ANY CHANGES?

The six perturbation parameters are J,, JS’ J4, drag, solar, and lunar
forces respectively. '"1' means incluaed - "0" means excluded. 100011
means that the effects due to J,, the sun and moon are included. If
more or less perturbations are %o be included enter "Y' for this query
in which case the following six additional queries will appear.

INCLUDE J2?

If the leading zonal harmonic J2 is to be included in the orbit
prediction process type "Y'".
INCLUDE J3°?

INCLUDE J4°?

INCLUDE DRAG?

If atmospheric drag is to be included type "Y'". This is automatically
deleted from the perturbation model for all orbits above 7000 km in semi-
major axis.

INCLUDE SUN?

INCLUDE MOON?

Normally the lunar and solar effects will always be included. Therefore
enter "Y' for both of the above.

NON-FIXED PARAMETERS ARE 1111110

ANY CHANGES?

The orbit determination program includes the provision for fitting any
one or all of the following components of the state vector, i.e., the
mean motion, e cos (w), e sin ( w), I, 2, M+w, and BIAS. 1111110 means
that all components are determined except the range bias: By entering
"Yy" to this query fewer or more components may be fitted. Then the

T,




following additional seven queries will appear: l

SOLVE FOR SEMI-MAJOR AXIS?

SOLVE FOR e cos (w)?

SOLVE FOR e sin (w)?

SOLVE FOR INCLINATION?

SOLVE FOR NODE?

SOLVE FOR M+w?

SOLVE FOR RANGE BIAS? *

A range bias may be determined if the range data exists for a time span
for more than several days. For short data spans type 'N" for this

query. L
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Table (1) Sample Output of the Program LOAD 1‘

AT = IRIIA A = 12520000 ¥ = 115S6%.90 1
MJD = 43503 E = 0.00020000 ¥ = -32391.3%
TZEC=  S0723.210 1 = 27.S000 2 = -28915.45

MOBZ= 0 MODE= 2.5000 #D =  0.6731356 «
FMT = 0.000 PERI= 205.0000 %D = 1.4267399

BIAT= 0. 000 MEAM= 125. 0000 ZD =  0.7132165 A

FIRST 1 40537 TZEC= 0,000 PHG = 0. 00 1

LAZT 1 40587 T3EC= 0,000 RMG = 0. 00 1

COYARIANCE MATRIY |

M E COZ¢Wy  E SINCUD MODE

1.000E-12
0. 000E-11
0. 000E-01
0. 000NE-N1
0. 000E=01
0. 00DNE-D1
0. 0O0E=01

FEFRTLIFEATIONZ = 100011

EHD

0. c0nE-n1
1.000E-03
0. 000E-01
O.000E-01
n.000E-01
D.000DE-0O1
0.000E-01

0. 000E-01
0. 000E-01
1. 000E-09
0. 000E-01
0. 000E-01
0. 000E-01
0.000E-01

0. 000E~01
0. 000E~-01
0. 000E-01
1.000E~07
0. 000E~01
0. 0D00E- 01
0. 000E~01

G.00NE-~-01
0. 000E~-D1
0. 000E-01
0. 000E~01
1. 000E~07
n.0ooE-01
O.000E-~-01

0. 000E~01
0. 00nE~N1
0. 000E-01
0.000E~01
0, 000E~-0O1
1.000E~-07
0, 000E~01

==, alk i e

HOM-FI<ED FAFAMETEFZ = 1111110 {
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PROGRAM ENTER

This program is primarily a means of entering range data into the
computer. The program may be run (on the PDP-10) by the single command
"RUN ENTER". Time and range information are input whereas predicted
range and range rate for each observation are output. Azimuth and
elevation of the satellite with respect to Blossom Point are also
presented. These quantities are computed with respect to the most
recent orbital state vector. The program procedure is described
below.

ENTER ALL FILE NAMES IN THE ALPHANUMERIC FORM: XXXXXX.EXT
WILL THE NEW RANGE OBSERVATIONS BE ADDED TO AN EXISTING FILE
OR ENTERED TO A NEW FILE?

TYPE "A" TO ADD TO EXISTING FILE

TYPE "B" TO BEGIN A NEW FILE

The range observations may be either appended to an existing file or
entered into a new file by answering '"A" or 'B" to the query.

ENTER THE NAME OF THE NEW FILE IN WHICH THE RANGE DATA IS
TO BE ENTERED

The file name is to be entered at this point.

ENTER NAME OF THE FILE CONTAINING THE INPUT STATE VECTOR

The new observations are compared to the most recent state propagated
forward numerically to the time of each new observation. Since numerical
integration is used to propagate it is important that a recent

solution is used.

FOR ALL QUERIES '"?"

Type "Y" - Yes
HNH - No
"s'" - Stop
ENTER YEAR

Enter '"1977" or "77" to correspond to the year. This query is only
presented once.

ENTER DAY OF YEAR

i.e., enter ''320".

ENTER TIME (N FORM:

HHMMSS . SSS

10
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i.e., enter ''070926.214" for 7 hr 9 min 26.214 sec.
The program responds with (for example)

YR/DAY = 77/320 H/M/S = 7/9/26.214

RANGE RATE = 0.20322 km/sec

PREDICTED RANGE = 125124.19

AZIMUTH = 99.0 DEG

EVELATION = 25.2 DEG

The azimuth is measured clockwise from true north.

ENTER OBSERVED RANGE IN KM

i.e., enter the observed range, e.g. '1251z..9"

DIFFERENCE = -0.29 KM

0.K. TO STORE?

The observation may be stored at this point or deleted depending on the
size of the difference.

ANY MORE OBS?

A "Y" to this query will return the program for more data input
whereas a '"N'" or "S" will terminate the procedure.

; 11
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Table (2) Sample Output of the Program ENTER

SR RN I SN B SR R

et e s
[ Y RV W

W WMoy merne o n
Mo ONHANE QDM -

43411
43411
43411
43411
43411
43411
43411
43411
43411
43411
43411
43411
43412
43412
43412
43412
43412
43412
432412
43412
43412
472412
43417

172322, 3

J‘;
0

|_£|
nec
WEDXE WOV WENNRDD®HAND I AN A DM WD )T

[n SO

o N

n
e » = 8 = s = =

WO D O e = 0000
S
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Ll .
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L
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DO
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12

1’1q1?.
121211,
1200320,
120025,

1137532,

118749,

120000,

121237,
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120053,
120057,
120047,
120046.
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PROGRAM GENER

This program generates a satellite position ephemeris using as
input either the output file from the program LOAD or the cutput file
from the orbit determination program. This routine may be initiated
by entering ".RUN GENER" on the keyboard.

TYPE "A" - ALERT MODE
"B'" - ECLIPSE MODE
"C'" - EPHEMERIS GENERATION
"D" - TO UPDATE STATE VECTOR ONLY
“E'" - TO LIST STATE AT SPECIFIED INTERVALS

ENTER ASCII FILE NAME OF INPUT VECTOR

Enter the file name of the input state vector. This will be any name of
the user's choosing.

FOR ALL QUERIES '"?"
Type Y or N

GENER incorporates five different program modes. The user selects one
by typing "A", "B", "C", "D", or "E" to the first query. The specific
use of each option is described briefly below. Each provides the
capability to save a copy of the state vector at the end point for
further updating at a later time.

ALERT MODE: If option "A" is selected the program will
compute the rise and set times for the satel-
lite described by the input state vector.

The times listed are accurate to the nearest
minute and indicate the time of zero
elevation passage.

ECLIPSE MODE: Option "B' permits the calculation of all
eclipses of the satellite by the earth or
or moon (if any) within the selected time
period. Four times are given for each
eclipse, the beginning of penumbra and umbra
and the end of umbra and penumbra passage.

EPHEMERIS GENERATION: The selection of option ''C" initiates the
calculation of the satellite ephemeris at
two minute time intervals over the time
period selected. An abbreviated listing
is also available which lists the state
vector at 1, 15, 29, 31, 45, and 59 minutes
past each hour instead of two minute
intervals.

13
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UPDATE STATE VECTOR: Option '"D'" allows the user to update the
orbital elements of a satellite over a time
span to a selected stop time. Only the final
state is printed. No intermediate states
are listed.

LIST STATE VECTOR AT

SPECIFIED INTERVALS: By using option "E'" the state vector may be
listed on the teletype and/or disk file at
specified intervals.

ENTER ASCIT FILE NAME OF INPUT VECTOR

Enter the 10 character file designation containing the starting state
vector and epoch. This must be entered in the form XXXXXX.EXT.

ENTER ASCIT FILE NAME OF OUTPUT EPHEMERIS

Enter the 10 character file designation of the ephemeris listing. This
will normally be a rather lengthy file as it contains the satellite’s
state vector every two minutes. The disk storage space required for a
one day listing will be approximately 95 blocks. 35 blocks are
required for an abbreviated listing.

INITIAL STATE AND EPOCH FOR "SR11A'" ARE

The state vector will be listed at this point.

ENTER MOD JULIAN DATE OF START TIME

Enter the five digit integer corresponding to the modified Julian date
of the start time (beginning of the ephemeris generation); e.g.,
43295 for June 1, 1977.

ENTER HOURS & MIN IN FORM HHMM

Enter the hours and minutes of the day. Include leading zeros, e.g.,
0905.

MOVE STARTING POINT BY X.XXXX DAYS

Normally the starting point of the ephemeris may be several hours ahead
or behind the epoch time. This message only confirms this. The program
may be terminated at this point if any input error has been made.

INITIAL STATE AND EPOCH FOR ''SR11A'" ARE

The new starting state vector will appear.

ENTER MODIFIED JULIAN DATE OF STOP TIME

14
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ENTER HOURS & MIN IN FORM HHMM

INTEGRATION TIME SPAN = X.XXXX DAYS

This message confirms the integration time span. Remember 95 blocks/day
are required to store the ephemeris file. If the integration time span
is some large number, e.g. 10000 days, an input error has been made and
the program should be terminated.

ROUTINE DOES NOT WORK FOR REVERSE TIME SPAN

If by any chance a negative time span is requested the above message
will appear and the program will be terminated. This restriction is
only applicable to option "C'". The numerical integration scheme works
in reverse for all other options.

FINAL STATE IS

The final state vector will be listed on the terminal.

SAVE FINAL STATE VECTOR?

If "Y" is given to the above query then the following:

ENTER ASCII FILE NAME OF OUTPUT VECTOR

List the file name of the output state, i.e. "ABIRD.OUT". This file
will be catalogued as a permanent file on the disk. It may be
subsequently used as input to either ENTER, GENER, or DIFFCR.

15
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AT
L3P
SMT
MIN
MIN
MIN
MIM
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN

IAT
LEP
GMT
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN

MIN
MIN
MIN

BLMPT 37.7
1101 -375526.6
661 -101491.7
6632 -101614.9
665 -101737.7
667 -101860.3
669 -101982.6
671 -102104.5
673 -102226.2
673 -1023247.5
677 -1024683.6
679 -102589.3
681 -102709.7
633 -1023829.8
685 -102949.7
637 -103069.2
6839 -103188.4
ZR11B MJD 43399

BLMPT 92.0 29.

1131
691
693
695
697
699
701
703
705
70?7
709
711
713
715
717
719

Table (3) Sample Output of the Program GENER.
Ephemeris option.

ZP11B MJD 43399 LAT 18.42 LON 351.32 RNG 121253.46 121049.56

-3735813.2
-103307.3
-103425.9
-103544.1
-103662.1
-103779.8
-103897.1
-104014.2
-104130.9
-104247.3
-104363.4
-10447v9.2
-1045%94.7
-104709.3
-104824.7
-104939.2

67713.9
60033.1
59871.4
59709.5
59547.5
59385.2
592ce. 3
59060.73
58897.5
58734.6
538571.5
53408.2
58244.7
58081.1
57917.3
57753.3

25.0 121461.33 ITALY 219.0 S8.3 INDIA 283.9 1

12645.7 -0.936410 0.15073%9 0.065362
39268.0 -1.027696-1.346648-0.593549
39196.2 ~1.025165-1.348142-0.599526
39124.2 -1.022632-1.349631-0.600502
39052.0 -1.020096-1.351117-0.601476
38979.8 -1.017556-1.352599-0.6£02443
38907.5 -1.015013-1.354076-0.603418
38835.0 -1.012468-1.355550-0.604337
33762.4 -1.009919-1.357020-0.605353
38689.7 -1.007367-1.358485-0.606313
38616.9 -1.004312-1.359947-0.607232
38544.0 -1.002354-1.361413-0.603261
38470.9 -0.999793-1.362867-0.609221
38397.7 -0.997229-1.364316-0.610179
38324.5 -0.994662-1.365761-0.611134
38e251.1 -0.992092-1.367202-0.612089

LAT 17.89 LON 345.77 RNG 120322.20 120628.84
5 121020.79 1TALY 227.7 5S4.7 INDIA 285.4

65974.4
57589.2
57424.9
57260.4
57095.7
56930.9
56765.9
56600.7
564335.3
56269.8
56104.1
55938.3
55772.3
55606, 1
55439, 7
535273.2

12058.5 -0.986469 0.150419 0.065223
38177.6 -0.989%520-1.368639-0.613041
38103.9 -0.986944-1.370072-0.613991
38030.2 -0.984366-1.371501-0.614940
379%56.4 -0.931784-1.372926-0.615886
37382.4 -0.979200-1.374346-0.616331
37808.3 -0.976613-1.375763-0.617774
37734.1 -0.974023-1.377175-0.618715
37659.8 -0.971430-1.378583-0.619654
37585.4 -0.968834-1,.379987-0.620592
37510.9 -0.966235-1.381387-0.621527
37436.2 -0.963633-1.332783-0.622461
37361.5 -0.961028-1.384175-0.623393
37286.6 -0.958420-1.385562-0.624323
37211.7 -0.955810-1.386946-0.625251
37136.6 -0.933196-1.388325-0.626177
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Table (5)
Alert option.

IFR11IE PRIZE TIME
43400 16HF  ZMIN

Table (4) Eclipse option.

ZATELLITE EMTERED EARTH PEMUMERA
MiDh = 43422 HR-MIM-ZEC= S-11-23.313
CATELLITE LEFT EARTH PEMNUMERA
MJD = 43422 HF-MIM-ZEC= £-17-50. 350 IF11E ZET TIME
424101 ZHR 13ZMIN
ZATELLITE EMTERED MOOH PENHMPPH
MJD = 4324¢2%2 HR-MIM-ZEC=11-25-S3.602 IR11B FRIZE TIME
ZATELLITE LEFT MOOM PEMUMERA 43401 2EHP Z1MIH
MJD = 43422 HF-MIN/ZEC=12/26-46,3325

ZF11E ZET TIME
IATELLITE EMTERED EARFTH PENUMERA 42402 10HF 46MIH
MJD = 43433 HR-MIN/ZEC= 9~/ 2/28.662
ZATELLITE EMTERED EARTH UMERA ZR11E PRIZE TIME
MJD = 434373 HRE-MIM-ZEC= 2-22-/10.134 434073 1HF 24MIN
ZATELLITE LEFT EARTH UMEFRA
MJD = 43433 HR/MIN-ZEC=10-16-52,.732
ZATELLITE LEFT EARTH PEMNUMEPA
MJD = 43433 HF - MIM-ZEC=10-35 34.122

IFR11E  ZET TIME
43403  13HR 2IMIM

ZR11E PRIZE TIME
42404 HRP SSMIN

Table (6) List option.

A = 125091.2610 4= ~101491.71000 “ZLAT = 12.4124
E = 0. 00645635 Y = £0033. 06930 ZL0ON = 351.3231
I = 27.3292 2 = 39263. 049210 FCAL = 0
HODE = 3.51 2D = -1. 02769560 MJD = 43299
FPERI = 133, d? YD = -1.34664790 HM-sZ = 117017 0.00
MEAM = 2958, 2 &4 ZD = -0.59354350 ETEP = 2v67.03204
A = 125119.1370 Z = ~108333.19400 “LAT = 16.2324
E = 0. 00668185 Y = 50031.63030 ZLON = 327.95566
I = 27.3306 2 = 34754.37770 FCAL = 3
NODE = 9.5130 “D = -0.3710172¢2 MJD = 42399
PERI = 137.2624 YD = -1.42901762 HMAZ = 137017 0,00
MEAN = S5.1466 2D = -0.653293462 ZTEP = 2600, 0000
A = 125143, 0260 Z = ~114011.93300 “LAT = 13,2039
E = 0.00629160 Y = 39492.178%0 ZLON = 302.19581
I = 27.3324 2 = 29867.53970 FCAL = 3
MODE = 2.5109% “Dh = -0.7050240% MJD = 433299
PERI = 136.2493 vYD = -1.49599279 HMsZ = 157017 0,00 |
MEAN = 12. 0290 2D = -0.702374732 STEP = 3600, 0000
17

Qg T AR B R




ORBIT DETERMINATION PROGRAM

The operation of the orbit determination program is designed to be
nearly self explantory. The user has control of the range data
reduction via an interactive mode. The program may be initiated by
entering ' RUN DIFFCR" on the terminal.

ENTER NAME OF THE FILE CONTAINING THE RANGE MAGNITUDE DATA

Enter the 10 character file designation of the range magnitude data,
i.e., "ABIRD.RNG'".

ENTER NAME OF THE FILE CONTAINING THE INPUT STATE VECTOR

This file will be the a-priori orbital state vector as required by the
orbit determination program. It may correspond to the Standard Orbital
Parameter Message. The ASCII file referred to here will be generated
using the program LOAD.

ENTER NAME OF THE FILE CONTAINING THE UPDATED OUTPUT STATE VECTOR
REFERENCED NEAR THE START OF THE DATA SPAN

The state vector as referenced to the beginning of the data span will be
recorded in an ASCII file by this name of the user's choosing, i.e.,
"ABIRD.STA". This may later become the input file to the ephemeris
generation program.

ENTER NAME OF THE FILE CONTAINING THE UPDATED OUTPUT STATE VECTOR
REFERENCED NEAR THE END OF THE DATA SPAN

Enter any name, i.e., "ABIRD.END". The new state vector will be
equivalent to "ABIRD.STA" but its epoch will be referenced to a time near
the end of the data span. This also may be used as the input file to

the ephemeris generation program or the orbit determination program in
its sequential mode should a new batch of range data be processed.

NON-FIXED PARAMETERS ARE 1111010
ANY CHANGES?

The input state vector contains a seven integer key which indicates
which of the seven components of the state vector are to be held fixed
in the orbit determination process. '"1" indicates that it may vary in
the orbit fitting scheme. '0" indicates it is to be held fixed. The
seven parameters are: mean motion, e cos (w), e sin (w), I, Q, M+w,
and BIAS. e.g. 1111010 means that the nodal angle and the bias para-
meter are to be held fixed. If "Y" is given to the above query the
following message will appear.

18
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ENTER NEW PARAMETERS - 17

i.e., enter "1110010".

ENTER STARTING OBSERVATION NUMBER
Enter 1 if beginning - 14

Normally one will begin processing the observations at the beginning of
the data span in which case the integer "1'" should be entered on the
keyboard. However should you wish to begin at one of the later points
enter the number assigned to that point. The data points are numbered
sequentially from one in steps of unity.

WEIGHT A-PRIORI ESTIMATE?

If the new observations are to be weighted with the old, type "Y'". This
will be the case if only a few observations are to be processed, i.e.,
when in the sequential mode. However the range observations may be

used to solely determine the state update if sufficient data exists

over a time span of several days or more. In this case type "N".
Naturally the a-priori estimate may be weighted with the new observations
in either mode of operation.

ENTER NUMBER OF RANGE OBSERVATIONS TO BE PROCESSED

All of the observations may be processed at once in which case enter
the total number of observations in integer form (or any larger number).
However if only a few observations are to be processed, and the a-priori
estimate is weighted, then enter the number in integer form. As few as
one or all observations may be processed at a time.

LIST INDIVIDUAL RESIDUALS?

The observed minus the computed range magnitudes will be listed if "Y"
is given to this query.

EDIT O-C ARRAY?

The range data points may be edited at this point by entering "Y". If
so the following message appears:

AUTOMATIC OR MANUAL EDITING?
Type "A" or "M"

The individual range data points may be deleted automatically or
manually.

RMS = XXX.XXX

19
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ENTER DELETION THRESHOLD - F10.3

Here the user must enter the deletion threshold. For example, if the
RMS for a batch of data is 2.5 km and 5.0 is entered, then all range
observations having a residual greater than 5.0 km will be deleted.
The same bad data points must be deleted at each iteration of the
differential corrections procedure.

LIST THE STATE VECTOR ''ABIRD.STA'"?

The new estimate of the state vector at the end of each iteration may be
listed on the line printer by typing Y. In either case it will be
written on the ASCII file under the name '"ABIRD.STA" or any name of the
user's choosing. This state vector has an epoch time one minute past
the first hour prior to the first range observation being processed. In
the batch mode this quantity will normally be listed on the line printer.

RETURN FOR ANOTHER ITERATION?

If the differential corrections procedure has converged to a satisfactory
solution the iteration procedure may be terminated by typing '"N". If

"Y" js entered another iteration will be computed. Normally four to

five iterations are necessary for convergence to a sufficiently accurate
state estimate.

COMPUTE TRACKING COVARIANCE MATRIX AGAIN?

If the initial vector is sufficiently accurate this matrix need only be
computed once and "N'" will be entered on the keyboard. If however each
successive iteration produces a state vector sufficiently different from
the previous iteration this quantity may be recomputed by entering "Y'".

UPDATE EPOCH TO TIME NEAR LAST OBSERVATION?

If desired, the epoch may be updated to a time near that of the last
observation processed; i.e., one minute past the nearest previous hour.
This should always be done if the observations are processec a few at
a time sequentially.

LIST THE STATE VECTOR ''ABIRD.END"

The updated state vector and covariance matrix may be listed on the line
printer by typing "Y". In either case the results are inserted into the
file "ABIRD.END" or any name of the user's choosing. This state vector
is the same as ABIRD.STA but referenced near the end of the data span.

ACCEPT MORE DATA POINTS?

If more data points are to be processed type "Y'". To terminate the
program enter 'N'.

20




LIST OBSERVATIONS AND RESIDUALS?

All observations and residuals may be listed on the teletype by
entering "Y' to this query.

EDIT RANGE DATA FILE XXXXXX.EXT

The entire range data file may be edited at this point and a new file
absent of the bad data points will be created.

ENTER NAME OF EDITED RANGE DATA FILE

The ten character name in the form XXXXXX.EXT will be entered at this
point.
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PROGRAM BATCH

This is a simplified version of the orbit determination program.
After the user answers several initial queries the program runs to
completion with no additional interaction with the user. This program
may be initiated by entering "RUN BATCH" on the terminal.

ENTER NAME OF THE FILE CONTINING THE RANGE MAGNITUDE DATA

Enter the 10 character file designation of the range magnitude data,
i.e., "ABIRD.RNG".

ENTER NAME OF THE FILE CONTAINING THE INPUT STATE VECTOR

This file will be the a-priori orbital state vector as required by the
orbit determination program. The ASCII file referred tc here may be
generated using the program LOAD, GENER, DIFFCR, or BATCH.

ENTER NAME OF THE FILE CONTAINING THE UPDATED OUTPUT STATE VECTOR
REFERENCED NEAR THE END OF THE DATA SPAN

Enter any name, i.e., "ABIRD.END". The state vector will be referenced
to a time near the end of the data span. This also may be used as the
input file to the ephemeris generation program or the orbit determina-
tion program in its sequential mode should a new batch of range data

be processed.

ENTER STARTING OBSERVATION NUMBER

ENTER STOPPING OBSERVATION NUMBER

The program will run to completion after entering the above query.

22
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Table ( 7).

TAG VR

TN 7r
b= o o
' [
e e
b A | -
| e [ )
74 Citi
s g s
(-2 o
A P
b o 2 b o
| L A
73 Tl
79 rars
20 77
21 7
az s
33 Vard
84 ra'd
25 it
26 T
27 T
32 T
29 rars
a0 T
N e
a2 a4
az i
24 P

PEPTURBATION:T =

DAY HFE MH

277 4 25
277 B 59
27y © 0
277 9 53
277 2 54
272 2 22
272 2 23
272 &6 2
272 & 2
272 10 23
272 10 29
ar8 13 21
érg 13 22
272 16 27
278 16 29
272 16 20
272 16 37
272 16 27
27?3 92 55
22 12 156
279 12 18
279 12 32
22 12 33
gra 7
279 17 2

ZR11A
43425
0.000
av
0.775
n.0o00
42420
e 4342%

2o2e

TR PR AT S

10nn11

TECOMD

RAMEE (KM

O-C kM

52.230 120172,.20% 0n.22% 4.1%
4E .27 2n744 259 -0.520 4 .04
te.z20n0 120742, 20 =) e 4.04
I2L.2TE 122295.120 -~ ,59% e bl
4.225 122201 245 ~-N.455 iz b |
oLing )i [t et e b 2.19
32.415 121722,.240 -0.077 219
&7 .143 119223 ,247 N.=31 2 1S
2 .e2d 1133224 .40 N.e7E 2.02
12.422 113122.020 11.655 o000
29,040 112129 .49 10.34¢2 so0000
40.7232 119229 .451 10,094 so000e
=L ) 113242 ,79% 231 soevee
S2.209 121745 .416 ~0.2e9 2
S .432 121776 .294 ND.165 274
17 .22 1217232.430 e card
n.429 1212327 . FE3 ~0.437 2.79
25 .99 121394 2573 0.039 2.74
S2.161 122%41 .42 ~2.154 2.4
S TR 1207VEN, 593 = i 2.18
42.3271 el 2rs 1999 236 s00000
4.74% 120573 673 ~N.50E e b
0.2 120575 .226 =0.420 2.12
17.101 112357 .204 1.3247 o
32.524 1193364 .£49 N.4¢1 ¥
A = 124375.01 ¥ = 124193 .62
E = 0.00445602 Y = 291 .20
I = cv.32%4 2 = =SS .l
HODE= 2.0266 ¥D = n.0 S
FERT= 42,7276 ¥D = 1,5 2
MEAN= 202.8517 ZD = 0.3
TZEC= 1£132.220 PRHG = 120
TZEC= SE243.212  PHG = 1219949
HOM-FIYED PAPAMETEFT = 1111110
23
= o > e ———————
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Sample output of the orbit determination program.

e e

pro oy _an o

A




Orbital Ranging Data and Solutions

In this section the ranging data and respective solutions for the
early portion of the mission will be presented. Listed immediately
below are the pre-launch nominal, Standard Orbital Parameter Message
(SOPM), and the best solution obtained by using the ranging data. For
comparison, all three state vectors have been referenced at the same
epoch. Note the close agreement between the pre-launch nominal and
the final solution.

Table (8 ) Pre-launch Nominal Synchronous Arc

A = 42747.86 X = -27868.34
E = 0.01344603 Y = -29851.15
I = 25.1831 Z = -10539.28
NODE = 13.6786 XD = 2.2991557
PERI = 210.1283 YD = -1.7756603
MEAN = 5.6798 ZID = -1.0668875
MID = 42852 H/M/S = 8/31/40.24

Table (9 ) Standard Orbital Parameter Message

A = 42726.3497 X = -27823.50290

E = 0.01346675 Y = -29861.12180

I = 25.1916 Z = -10539.68950

NODE = 13.7258 XD = 2.30177241

PERI = 210.5023 YD = -1.77352623

MEAN = 5.3258 ZID = -1.06732072

MID = 42852 H/M/S = 8/31/40.24

Table (10) Final Solution

A = 42721.8002 X = -27825.81610 ;
E = 0.01334121 Y = -29860.66150

I = 25,1917 Z = -10539.26070

NODE = 13.7258 ZD =  2.30139433

PERI = 210.2434 YD = -1.77360111

MEAN = 5.5764 ZD = -1.06731634 ‘ |
MID = 42852 H/M/S = 8/31/40.24
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Table (11)
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Table (12) Post-PKM Transfer Orbit referenced
to a time immediately after the firing
of the PKM and the first hydrazine

burn.
A = 78183.36 X = -27186.43
E = 0.45029499 Y = 30106.06
I = 25.2381 Z = 16840.14
NODE = 13.8108 XD = -3.0524713
PERI = 94.5052 YD = -1.8641317
MEAN = 7.3612 ZD = -0.5098235
MID = 42853 H/M/S = 02/01/00.000

Table (13) Post-PKM Transfer Orbit referenced
to the time immediately before the
second hydrazine burn.

A = 78174.27 X = -12246.34
E = 0.45073484 Y = 36876.96
I = 25.2535 2 = 18270.89
NODE = 13.8022 XD = -3.4968687
PERI = 94.2400 YD = -1.1073740
MEAN = 359.9640 ZD = -0.1137500
MID = 42858 H/M/S = 01/35/00.000

26

. T 7 DM N AL s TR Y e




L TAR R

1 (2
2 (3
5 =
4 =
S )
=) 2
7 &
= [
) =

..T-I

I

T I T

E S ST AW ASCn sWER SR S SIS &R SR A YR SR 'S SR SR AT Y

P

JN NSNS SIS NN NN S NN NN NN SN NN N NN NN N

-] -
IR

7F

d
o

7E
rds
76
7%

AL Q=2 D0 YT AR W= D0 N AR Q= D0 0T B T =

g O O O O O U R IR T I T R R T R U L L I I e

oy

b

-3~ A A
T

T

T T

T T N

T T oh T

BT

B SR SR S0 SN2 S9N oY

P B Bt B B B

T

R e B

o N N

DL S0 SN &

NN

HF

O D O D e Gl T Do T T T 0 T O G T o o To o fo gy

b 0 N &

5 9

.!\. .

U A S

LD D

glg}

47
4=
4=
45
a9
43
S0
S0
i1

i1
=1
51

LT

1o

N

BLUCILCUI S WO U | I N SN SN -8

XN

REI

12.122
12,12
27 .440
27 .440
e C DG

3. 296

24,574
4,574
0,227

0.227¢

s |

TS |

21.274
1,274
Z1.274
29, S99
43

et

2

o

FAMGFE

nn
=
W) |
(]

0L
D) IR U T A IR

N
.
& AT = Tyl

LN -

=% ’
] s
e (1=
IREL, TET
2ATNS, 405
TEASR =
2705
=

=> e

QR ES VA 8}
0 &
= -

F
Lo~

T
X

=
-~

(A
[

T o T

4

[

-

4250k ., ERE
S2eeA. 520
S2297., 200
S2371.e40
Sisvl =i S0 7
Se4nz.zan
SETS1.1 320
SZESHIT0
SZFS4.,.2N0
SE7VE.TEN
SZFAT.ESN
SRR, 282
CEFLE, 2R3
crFda, 4] )
FETRS, 301
FESES, 992

! Table (14) Range Magnitude Data for the Transfer Orbit
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97 76 77 11 S2 21.557 108240, 023 -0, SEN
22 7e 77 11 S2 21.557 110129,14% 1342,507
93 76 77 11 S2 47.210  102830,640 -0, 236
' 100 76 77 11 S2 47.310 110179.705 1343,824
101 76 77 12 22 S2.655 108124.479 1.007
' 102 76 77 12 22 S2.655 109473%.544 1350.073
102 76 77 12 24 12,408 108112,787 -0.324
104 76 77 12 25 24,343 1N3433,672 1343.726
105 76 77 12 25 S9.656 102075, 013 -0, 332
106 76 77 12 25 S9.656 109424,079 1343.725
107 76 77 12 39 29,265 107769.225 0,447
108 76 77 12 39 29.265 107769.225 0,447
109 75 77 12 29 S4,524 107759, 3731 0,137
110 76 77 12 29 S4,524 109102, 337 13249,199
111 76 77 12 39 54,584 107759.3231 0,122
112 76 77 12 42 25.412 110545, 020 2246, 661
112 76 77 12 42 35.412 107747.000 47,641
114 76 77 13 27 21.927 106636, 075 N, 016
115 76 77 13 27 47.808 106677.231 0,221
116 76 77 13 27 47.808 106677.231 0. 221
117 76 77 12 42 £.439 109201,932 23247,176
112 76 77 12 52 S7.118 105973, 768 -3.781
119 76 77 12 52 S7.118  102821.79 2244,248%
120 76 77 13 S9 22,111 10S968,671 0,204
121 76 77 13 S9 23,111 102%16,699  224%.833
122 76 77 14 2 12.129 108752.143 2348,208
123 76 77 14 2 32,883 108742.651 2847.67S
124 76 77 14 12 £.S562  108521,747 2847,.32S
125 76 77 14 12 22.321 1023522.000 2247.642
126 76 77 14 41 14,329 1050327,216 N, 239
127 76 77 14 41 40,290 105022, 576 1.321
125 76 77 14 42 S2.257 10S001,591 0, ass
129 76 77 14 43 17.795 104391 ,942 0,625
130 76 77 14 46 15,326 104925, 9973 n.187
121 76 77 14 46 41.13% 104316, 700 0, 731
1322 T& 77 14 S5 42,574 104714, 000 -0 ELD
133 76 77 14 S6 14,243 104706, 000 N, 276
134 76 77 15 2 26,615 104436,582 0. 72a
135 76 77 15 2 S1,928 104426,489 i, 193
126 76 77 1S 3 49,533 104405,254 -0, 071
137 76 77 15 10 14,846 10439, 000 -0, N2S
128 76 7?7 15 S8 11.82% 103341,591 0,770
129 76 77 15 S2 37,523 102332.447 1.070
140 76 77 1S S9 32,845 103311,461 0. 343
141 76 77 15 S9 S2,596 103301, 868 0,192
142 76 77 16 32 1,896 107945,073  1349,981
143 76 77 16 32 1,29 10259, 007 n.214
144 76 77 16 32 27.289 103I93IS,329 1349,.292
145 76 77 16 32 27.889 1025%6,284 0, 767
146 76 77 16 26 1,136 10N3856,104 1349, 121
147 76 77 16 26 1,136 102507,11% . 195
142 7 77 1A TR PRLAAN 1 N34, 751 1349 2372
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77 16 36 26,641 102497.675 . 157 i
TP 1R 49 S2,006 1022004721 n.447 3
PYO1e S0 17.S55 1021900 023 -, 441

YV 16 Se 15,226  102057.8749 .10

7T O1E SE 41,306 102043, S2F 1.477

R 17 2 3.% 8 101906.324 . 040

TYOATV R 28,937 101296, 291 0. 043

7717 11 21.121 101720, 313 0. 041

77 17 11 47.227 lﬂl?ll.ﬂEﬂ =0, 02

7717 24 14,3232 1014320.5 -0, 740

7717 24 40,091 1027 ?n.?» 1249, 159

7717 24 40,091 101421.720 0, nag

7717 27 41.413  101353.517 n. nae

7P O17 282 v.2e2 1012432.624 ~0, ez

VP17 32 g2.944  1024e0.201 13243, 050

77 17 32 22.944 101111.1°= -0, 01e i
TP O17 28 42.232%  102450.452  13243.114

77 17 32 48,2295 lﬂllul.uaa n. N4z

77 17 49 S9.397  102134.425  1342,172

7717 43 59,337 100245, 269 -0.287

7 17 S0 29,775 100235, 626 -0, 556

77 17 57 SELR9E 1ONAEZ. 196 =1 183 |
7717 S2 21.202 1008S3.202 =0, 799 ;
7712 4 15,002 100517, 3292 -0, 273

7 o124 40,3229 100507.203 =0, 736

Y7 o12 12 20.2%6  1003224.120 =1.516

Y7 12 12 SE.224 1003214, 7326 =0, 2832

Y712 12 Se.112 100291.5032 -1.02%

77 12 14 21.421 100221.609 -1.0e2

77T 12 47 36,424 23432 ,406 -1.021

77 12 42 g2.221 23420, 464 -2 556

796 24 10,5323 L e T n. %=1

73 6 324 35,246 2EIFL . 200 0. 1~7

79 & 25 22.10%5 A7 012,527 0,729

73 £ 25 57.412 AT0E0.200 03967

736 2e 92,361 A7053. 159 n. 362

73 & 37 23.120 7071200 n.751 )
73/ 32 14,524 ATNIT., PR3 n. 7?52

73 A 38 39,905 ATINE ., 226 =0.1e0

73 £ 39 S52.584 97144.150 -0.1321

73 & 40 23,897 7156, 741 0.4k

79 & 42 2.338 av221.e00 0. 375

73 & 42 27.859 AT24Z. 200 0,217

73 & 45 10,928 791,300 =, N41

79 7 16 g2.132 22164, 244 n.n74

73 7 16 47.541 VRIVE. 185 n.znl

[ IR - B - | 9E213. 094 =n. 02

797 40 25,3256 Y3224.726 =0.175

79 7 42 33.557 PR2RS. P45 =0.a0n7

79 7 42 59.3242 RB95. 232 0.376 i

72 7 44 10,338 PE927. 215 n,zes

i SO




20n TE 79 7 45 7.3220 RIS . 599 -1.240
201 76 7?92 7 45 20,281 ATAET, 440 0, 029
eng 76 79 7 4% 39,322 AINTE.LTEL 0,534
20z 76 79 7 S50 5.1%6 29077 . 405 -N.4%¢
cna VE 79 2 19 40.2%6 3225, A0 -0,.224
) 76 79 g 20 8.817 99097, 594 0.249
& 0e TEOT9 2 2% BS.1591 100151, 000 -0,527
any VEOPS2 20 1.904 1001&E. 760 -0.e91
chnz vEO79 2 20 SS.005 100127.193%2 0. 020
209 R 7D 2 21 20.539 100192, 124 -1, 3254
21n eo79 2 42 120265 100490, 722 -0, 292
211 FE 79 2 42 44.119 100502.575 0, 00z
21 FEOT9 2 432 47,120 100521, 000 n.,441
212 76 7?I S 44 12,2824 100542.14% = (Urzis)e
Z14 TE 73 251 29.054 1007329.411 -0, 955
215 TEO79 2 Sz 4.332 100750.50% -0, 632
216 76 728 9015 49 = =g -0.635
217 76 79 2 e 15 9g. 959 -n.112
212 76 ¢ AT dh c1.729 -n.z2¢
219 PE 739 17 44 22,520 n.n44
aen 7E 79 3 2k 40 101682, 917 -0.500
ze 76 79 9 Z7 6.0E5 1M e79, 260 -0, 655
gce vE 79 9 22 12.055 101709.239 . 197
2es 7E7I 9 22 22.106 101721.621 0,54
=L 76 79 9 42 19.9341 102241.371 -n,494
2zs 7E 7?9 3 4z 45,127 102252.214 n,c4az
gen vE T3 9 S99 42,050 10294Z2.412 -, 311
eev FE P10 0 2,527 102555.404 0,412
2es eI 10 1 20.440 102526, 222 -0, 234
2es TE7I 101 46,401 102597.374 =153
azn FETO 10 19 25,097 102069, 292 =0.240
221 eV 10 g0 1.224  102020.340 -0,257
23 PETI 10 27 24,3295 102220.902 =N, 229
233 FE79 10 27 S59.294  102291.9%4 -N.51¢
cza e 7910 4% 2z.z2a0 103753222 n.en
225 PEOTDO10 4% 42,217 102764.765 -n.1%51
=1 TE 7910 SE 24,929 104050, 169 =M. 862
237 VEL79 A0 ST 0.316 104DA1.711 =0.
&% TEOTI 11 R ZE.TER 1N4215,.725 =0,
&3 7E 73 11 & SRE.Z05 104327.000 n.
240 PEPS 11 29 ZR.EE2 1043200360 =f.
241 7E 7311 20 2,192 104341.75¢ Oe
242 76 72 11 3% 3liser 1 0E1SH3.0¢¢ =0,
c47 VE 79 11 29 S5.264 105205.419 n.
244 76 73 11 4% 21,052 105481.29%2 n.421
245 TE 72 11 43 SkE.E0E 105472,524 0,229
Z4r 76 79 11 59 26.368 105726.1%59 n.e09
247 vE V2 11 S9 51,906 105727351 .54
24z TE T 12 21 44,268 1DR3ZP, 59 =N.927
249 7E T3 12 ¢2 11.406 10A234,440 =0, n2a
250 VeI 12 2T .06 1NETAS, 0032 0.20%
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12 37 SA.822 106756, D94 -N.131
12 51 14,579 lﬂ?llc z49 n.n14
12 51 29,122 107122, 2472 0.152
12 2 41,292 107579.,.6¢26 M. S0
12 2 7.375% 107590.712 n.n74
12 12 S2.064 107251,237 0.2232
12 19 19,025 1072632,229 .11¢6
12 41 4f.922 1024632,.714 1.420
12 42 14,0228 102474,956 0.675
12 432 45,3229 102515,.272 0.50¢6
12 44 11.266 102526, 070 =0.een
12 59 26,260 102926,127 0,527
14 0 2.229 102947,579 0.44¥%
14 | 22,45 1N2927,751 0. 22e
14 | 59.425 102999,742 0.91%
14 22 25.160 102200, 0329 -0.3279
14 22 S1.264 109211,.7721 -0, 077
14 47 16.154 110127.970 0.107
14 47 4z2.e22 110123,512 0.2e29
15 0 21.400 110526, 1324 -, A4F
15 0 47,602 110522.427 0.220
15 2 S2.684 110616,9772 -0.54%
15 4 12.729 110627.616& -1.10%
12 20 37,3296 20925, 056 0.32e
12 21 4,150 Hn4=».Jﬂ4 n.244
14 2 22.104 rrRle.eetl n.727
15 4 21.016 74974 ,197 1350.226
15 4 S£.561 743943, 619  1250.137
15 4 S5£.541 72594, 500 1.014
15 29 20.290 ??l.g.IJﬂ 1250.122 )
15 29 4f.325¢ T2162.552 13250.622
15 29 46,252 7iz12.400 1.537
16 17 S4.072 IR . 651 13243 ,.641
16 12 20,037 ERELT7.S594 -1492, 1327
16 12 20,0397 AE21E.S00 0.769
16 S0 22.041 a7241.122 1249,3221
16 S0 S2. 012 E7209,252 13249,249
16 S0 S2, 015 ES9EN, 700 0. 036

16 52 7.029 ArE2S.7ee  13242.262

16 Sg 22,072 £4247,454 -1493,775
16 S2 22,072 A524E,.400 0.17¢e
17 26 . 216 £4779.605 1243,.209

.404 54742, 576 1294, 028
.404 £32299,500 44,952
b f46E1 . 237 1342.207

17 27
17 &7
17 a7
17 e#
17 e2
17 54
17 54
17 5S4

w

4620, 152  1242,.858
£2ea1.000 =0n.200

7 £2772.394 1379.884
04 E2742.215 1389,402
104 A1339.100 -12.712

IR RN B RV N AT
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12 24 . 29F ANSS1.182 1349, 391 |
12 25 . 232 ADS20.602  13243.786 !




203 YE 20 12 2% 13.832e S9171.500 0,622
204 TE 20 12 59 S8,125 S2029,3271 1243,¢271
205 vEOoE0 19 0 24,122 SS1A1, 064 ~1499, 252
B 7E 20 192 0 24,127 SEARF T, 000 -0,218
anz TE 20 20 27 23.32ev 42416, 022 -143¢, 2172
2 TE 20 20 27 54,252 423287.252 -149¢, 361
09 CEOED 20 37 S4.35%2 d43zze, 200 1,926

Table (15 Pre-AKM Transfer Orbit referenced to
a time after the second hydrazine burn.

A 82918.51 X -17080.74
E 0.48212085 Y 34982.73
1 25.6832 Z 18334.89
NODE 14.3575 XD -3.4280831

PERI
MEAN
MJD

94.0499 YD
1.9900 ZD
42858 H/M/S

-1.3826542
-0.2353574
01/57/42.000

N e N M
nononononou

TAG YR I WE MM ZEC FANGE 0~
1 76 21 219 40,299  22938,244 n.113
2 TE 21 4 4F 14,055  42241,329 1,292
T 7E R1 4 4F 4N, 920 A2ET.EER n.za4
4 7A 21 S 46 TR, 3249 472,249 1.404
S 7E Rl S 47 2,356 47412,077 1. 09¢
£ TE Bl A 1A 2R,Z6 49570, 024 -2.402
7 76 Bl A 16 S4.377%  AR2SE.246 -1351.7326
2 76 21 6 16 54,372 49602, 212 ~2. 67N
9 TE Bl 6 18 ST.R24 437S5,95S -3, 468

10 7E 21 £ 12 S7.624 S1854.912  1495,495
11 76 21 & 19 22,161 49738, 3323 -1,227
12 76 Bl A 19 22.161  S1287.29% 1497.075
12 7E 21 7 1 3,274 S2044,.529 0,70
14 76 21 7 1 SA.796  SEO77.S06 n.17e
15 76 81 7 2 47.561  S31432,910 -n. 154
16 76 81 7 2 47.561 S4492,97¢ 1348,902
17 76 81 7 3 13.%4% S53177.187 -1. 067
12 76 21 7 4 16,017  S2261.129 N, E4R
12 76 21 7 4 16,017  S461N,195 1349,.714
20 7R R 7 4 41,554 S32297, 956 -0, 152
21 7R B 7 S 44,134 532372, 048 1.454
g2 TR R 7 A 10,127 S7411.9224 1. 06S
2% 7R Bl 7 19 4n, 358 .44a 221 1.126
24 TFE T T 20 R, 3ES s20.707 n, s
Y6 7R BT A4S 4h, (RS Jéﬁaf azs M, 323
TEOTE AL T AR 12,024 SAEZI.TS) -0, 433
27 621 4 7 N,1R2  SR324,773 1,521
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Table (16) Solution for post-AKM coast. (SR11A)
A = 121483.82 X = 35715.93
E = 0.0133391 Y = -105579.61
1 = 25.1481 Z = =52211.00
NODE = 14.9160 XD = 1.7007914
PERI = 103.2368 YD = 0.5490189
MEAN = 169.9170 ZD = 0.0435333
MJD = 42859 H/M/S = 10/40/0
Table (17) Range magnitude data for
the post-AKM coast. (SR11A)

TAG YR DY HF MN ZEC PANGE g-r
1 7E 22 10 S1 42,244 1207327.217 -0.921
2 7E 22 10 S2 12.228 1207325.268 -N.24%2
3 76 B2 12 S 12,777 120242,240 n.zzn
4 7E B2 12 56 42,3232 1203241,.941 0. n4s
bt 76 B2 12 12 24,602 120247,6327 T
= TE 22 12 132 0.564 120242,232¢ 0.2e0
7 7h 22 14 49 S4.170 1206£1.070 -0.265
2 76 22 14 S0 20,276 120662.269 -0.320
E 76 22 15 4 21.241 120747.410 =0.e¢1

10 76 22 15 4 46,227 120749,652 -N.&N4
11 76 22 15 42 2.522 121026.667 0.660
12 TE B2 15 42 27.135% 121020,56%5 1. &57
13 7E 22 19 52 S51.426 121159.475 0,652
14 7E 22 15 S9 17.420 121163,3272 0.7e2
15 7E 22 16 45 5,024 121605,992 0.602
16 76 22 16 45 20,571 121609.741 -N.14%2
17 76 32 17 4 S32.122 121221.994 0.210
13 7 22 17 5 19,265 121226.642 0.562
19 76 22 12 27 Sn.112 120049,320 -N.276
20 76 232 13 28 16,3229 120041 ,3277 -1.015
21 76 22 12 29 17.637 1200232,.261 N.490
ee 76 332 12 S0 S7.2%52 119714,002 100,595
23 76 22 12 S1 22.56¢ 119704,.5¢€0 33,269
24 76 383 16 29 0,116 119930,476 c243.22¢2
25 76 22 16 29 26,092 119326.420 2242,794
26 76 233 19 2 24,640 116199,987 1.171
=4 76 232 19 9 0,642 116199,337 1.4¢g9
28 76 83 19 41 45,256 116204,952 1.6£4
c2 76 22 19 42 10,942 116205,.685 1.372
20 76 23 19 43 31.162 116207.201 1.664
)| 76 83 19 42 57,107 116207.921 1.2132
32 76 23 20 40 40,320 116387.376 2.9291
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e 29 S6.124€
ee 20 2e.77¢
ce 32\ g24.412
2e 21 50,569
2e 58 325,085
2e 59 1.095
ce 59 55.14
23 0 20,052
2% 37 41,9400
23 22 6,442
g 7 2.105
0N 7 e2.12¢&
12 1 S2.209
12 2 232.402
19 17 21.177
19 17 S57.14F
20 42 15, 266
cn 42 41.122
21 41 =.200
21 41 22,3224
2% 4 ge.104
22 4 4z, 022
0 z0 1,022
0 20 27.047
S 0 27.14%
S 0 52,644
& 11 14,3211
& 11 40,2327
7 24 40,020
7 25 6.169
2 22 12.144
8 23 37.872
1 7 33.829
1 7 23.829
1 7 59.225
1 7 S8.8e5
2 186 20,152
2 16 20,152

Solution for post-AKM coast.

121553.30
0.0127867
25.1794
14.7547
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Table (19)

for the post-AKM coast.
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42 7e 8s 1 21 119562, 421 1.325
43 ?e |& 1 21 113550, 429 -10.641
S0 76 85 @& 22 112756, 722 -10.775
51 Yoo Be o a2 11272, 720 1.2232
S TE o 8 g 23 112762.224 n.z=92
G2 o Bel @ gd 112751, 242 -11.100
o4 FEo2e 314 113128.985 -11.162
S5 - TR - - T C T 112178, 929 -10.905
S TEoBe 317 112156, 004 -11.7e2
&7 e 8e 317 112151, 357 -11.529
s e 2e A 14 117260, 074 -1z.002
w3 TE B8 & 15 117259.924 -1z.2%2
&0 Fe oe Ty 117221.430 -12.526
£1 fe 26 72 11 4 11732588, 623 -14, 063

Solution for post-HB3 coast. (SR11A)
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Table (21) Range magnitude data for post-HB3 coast. (SR11A)
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9 76 87 14 26 25.6 120361,277 -1.350
10 76 87 14 26 S1.566 120361.877 ~2. 0532
11 76 27 16 28 59,297 121203.095 -2.478
12 76 87 16 29 24,886 121210.289 1.270
12 76 87 17 37 32.63% 121820.110 -1 631
14 76 87 17 37 S8.889 121837.755 .24
1S 76 28 12 S6 47.164 121759.695 e.?4e
16 76 28 12 57 13.314 121751.265 2,563
17 76 828 12 53 2,178 121734.477 . NER
12 76 82 12 S2 24,330 121606.915 -116.256
19 76 @8 15 2 53,395  119799,914 211,252
20 TE 22 1S 9 19,39T  119425,73 4,074
21 76 88 22 S2 27.300 119025.252 2.4132 |
38 |

: "“':W -;m’ "
mq.,r.; Crs SR R A Jm y iy ks 4 Taeal 5 G ‘




22 76 98 22 53 53.392 119029.149 0,414
23 76 29 2 & 14.040 121866.235 1.932
24 76 89 2 2 39.619 121872.831 1.865
25 76 89 17 59 9.542 120617.200 2.128
26 7E 23 17 59 35.617  120602.456 0.231
27 76 89 20 39 S58.872 118229.453 3. 092
28 76 29 20 40 21.627 113224.207 2.773
29 76 29 22 12 21.370 117180479 1.295
30 7E 89 22 12 S6.921 117117.331  -57.933
3 76 29 23 1 7.945 114777.558 2. 053
32 76 89 23 1 23.056 116773.511 0. 926
33 76 90 0 45 32.793  116320.674 1.424
24 76 90 1 12 16.404  116301.616 1.672
35 76 20 1 12 42.398  116302.516 2.546
6 76 90 4 42 3.311 117616, 073 2.101
37 76 9N 4 483 29.312 117620.874 1.837
3|@ 76 90 4 53 32.352 117516.247 -162.380
29 76 91 0 S6 7.316 121077.0010  -1,222
40 76 31 0 S6 33.296 121072, 064 n.519
41 76 31 1 11 11.415 120350, 067 2.373
42 76 91 1 11 37.393 120840.923  -0.217
43 76 91 1 15 24.264 120787.710 2,663
44 76 91 1 15 SO.566 120779.76S 2,228
45 76 91 1 17 42.870 120750.386 2.520
46 76 91 1 12 13.416 120745,239 3.555
47 76 91 2 49 40,626  119492.453 1.172
42 76 91 2 S0 £.241 119491.257 0,225
49 76 91 3 53 42,437 118827.239  -0.324
S0 76 91 2 54 14.415 118323.042  -0.761
S1 76 91 3 S5 47.082 118809.701  -0.556
Se 76 91 3 S6 13.157 118804.155  -2.214
S2 76 91 S5 10 2.354 118319.691 0. 628
S4 76 91 S 10 27.438 115318,791 1.524
SS 76 91 € 35 22.085 113174.741  -1.057
S6 76 91 6 35 48.113  112176.090  -0,18%5
S7 76 91 2 14 38.275 112602,395 2.534
S8 76 91 2 15 3.849 112604,344 1.335
S9 76 91 9 37 46.816 119409.22% 0. 623
60 76 91 9 22 12.802 119414.683 0,202
61 76 91 10 32 12.909 120129.382 1.600
62 76 91 10 32 28.902 120135.534 1.518
63 76 92 9 17 16.512 121790.2382 1.635
64 76 92 9 17 41.114 121785.291 1.325
65 76 92 10 24 S0.653 121021.270 0. 063
66 76 92 10 35 16.647 121017.973 0. 376
67 76 92 11 27 42.289 120644.581 1.470
68 76 92 11 28 2.072 120643,832 3.260
£9 76 92 12 33 7.880 120364,425 1.728
70 76 92 12 33 32.626 120362.626 1.010
71 76 92 12 38 28.089 120202.514 2.552
72 7692 15 10 44.111 120618.199 2.875%
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7T OTE A2 1S 11 10,039 120620, 298 2.4F9
74 OTE A2 17 20 S,326  121276.724 2,226
7S OTE A2 1T 30 F1.617  1212872,474 3,749
TEOTE 3T 12 43 2,044 1Z1A07, 06S -0, 796
TY TR AT 12 49 34,025 12159%,S28 -1. 024
TR OTE AT 14 20 1T.R4Z  119307.411 -0.769
73 TE AT 14 30 42,181 119201.715 0.128
20 TE A2 17 2 S0.256 117919, 3212 -0.416
21 TR A3 17 2 18,938 117912,.872 -2, 025
22 TE 97 19 14 47.384  117424.960 2.234
22 TR 92 19 15 12,093  117425.410 -2.152
24 76 92 20 7 27.049 117542, 025 -2.208
25 TE 9% 20 2 2.529 1175S0.123 -2.322
26 THE 9B Z0 3 9.006  117554.171 -3,299
B7 7R 93 20 9 24,552 117S55.670 -3.559
22 TE 24 12 41 42,029 119268.418 -7.07S
29 TE 94 12 42 132,612 119263, 022 -5.982
a0 76 34 20 0 2,120 1128729.207 -5. 250
21 7E 24 20 0 24,020 11237232.661 -4, 968
22 TE 94 22 26 40,542 117082.747 -£.374
9% TE 4 22 27 E.537  117020,492 -5. 0S8
A4 TE IS 10 17.220  116430,692 -5.720
A5 TE 95 2 52 28.149 116796.445 -5.334
Q6 TE 95 2 S2 42.129 116737.494 -7.691
97 TE 95 S 16 24,401  112263.030 -7.227
92 7E IS S 16 S9.211 118263.475 -6 E18
23 TE 95 7 12 12.641 120064, 333 -2.454
100 76 96 4 S SE.E22 118226, 040 3.250
101 76 2 4 & 22,624 118222.44% 2. 992
102 7FA 96 £ 4 42,290 1183230,933 2,454
102 76 9% & 5 2,835 118332.232 4,324
104 76 95 = S 7.455 11237432.447 2.294
105 76 96 2 S 23,422 112748.244 . S8
106 76 96 10 & S.362  120011.120 7.070
107 76 9% 10 & 20,903 120016, NE6 f. 213
102 7R 97 9 14 22.514 121537.21% 10,994
109  7E 97 9 14 48,228 121531.817 10,250
110 76 47 11 12 1.021 120447.168 11,897
111 76 97 11 12 26.540 120445.946 13,258
112 76 97 12 22 2.624 120092,263 13, 021
112 76 97 12 28 228.665 120092,564 13, 001
114 76 97 14 40 2.29)  120289,.455 12,676
115 76 97 14 40 28,253 120291.276 12,478
116 76 92 14 21  2.787 1197&88,224 -7.574
117 76 92 14 21 22.211 119782.372 -6.902
112 76 92 16 12 20.922 112304,2%) -6.,300
119 76 93 16 1 46,916 118292, 555 -2.102
120 76 92 22 S 7.174 117193,970 -1355,541
121 76 93 0 32 24,413 120582, 070 -6, 272
122 T 99 0 39 0N.S46 120594, 666 -, 240
123 76 93 | S2 S2.659 121725.023 =7 BEN
124 76 299 2 2 24,033 121966.516 -6, 242 4
125 76 99 2 9 S9,635  121972.662 -&.712 |
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Table (22) Solution for post-HB3 coast. (SR11B)

A = 122647.62 X = 42219.19

| E = 0.0042631 Y = -103300.54

I = 25.1859 Z = ~52047.49

b NODE = 14 . 8762 XD = 1.6762578

PERI = 117.5897 YD = 0.6377430

MEAN = 158.8965 ZD = 0.0874778

MJD = 42864 H/M/S = 8/41/00

Table (23) Range magnitude data for post-HB3 coast. (SR11B)

THI3 “F DAY HE MH ZEC FAMGE 0-c
1 TE A7 3 43 52,537 121490, 295 -n.712
& Te 27 9 42 {7,322 121426.,.249 -1. 02&
% 76 827 11 1 2h.e45 120241, 035 o
4 ‘e 27 11 1 S1.166 1202322, 097 -1.212
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=2 TEOO27 11 S22 S5.415 120524.514 n.nz4
7 e we 130 7 Aol 20319, 156 2l . 055
= s 27 1d 7P 29,132 120a319.756 (S e )
= 7E 27 14 21 47.007 120362.177 -0n,2%52
imn TE 27 14 22 12.405 1202632.22¢ =1 135
11 76 27 16 33 42,576 121183.752 1329
12 76 27 16 24 13.2432 121187.9505 1.21¢%
132 YE 27 1A 25 51.261 121201.2%¢6 -, 2432
14 TE 27 16 26 17.245 121207.591 1,262
15 FE 27 17 22 SE.26E6  121207.776 1.0397
17 76 27 17 23 21.405 121213.172 1.702
17 76 87 17 325 1.347 121220.710 =N, 205
1= e A7 17 3% 27.211 1212327.90% 1. 796
12 TR O22 13 59 2,104 120562,.427 c.h50
20 TEOBEB 220 S9.726 119056, 220 2. 245
c1 TEOoB2 22 1 24,3229 119062.42¢6 3,204
26 76 89 21 37 6,301 117368.299 -0.74%
AL YE 90 1 & 21,020 116124, 0322 -0.200
24 YEO20 y 2 S7.092 1161324.43¢2 -0, 29%
ce5 - | 1 1 20,222 120220,545 n.424
r =) e 91 i 1 5,242 2Nava,. 560 . 7°ce
27 e A 1 3 2.260 120255.912 n.612
T P - 1 2 24,232 120249, %17 N,An13
29 FE A1 2 S22 26,260 §119257,.250 n, Na43
a0 TE 91 g Sg S2.321 119352.4%4 0., 224
21 TE A1 4 0 12,625 1126£69,3239 s e
a2 TE 91 4 0 23,995 1132A6f.101 Nn.S&7
23 76 AY S5 S5 22.797 112241.44%5 N, 225
a4 TE W1 S 8§ 54,222 1182229.647 0. 524
e TEOA1 A 42 20,175 1120332, nas 0, 26
4F TS | A A4~ 4F . P7R 11203z, 247 . 584
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r e 26 2% in A L14r L= 0,12
ng 76 W10 y 2ELEEE ape 2 ETE e R4S
[ R N e En 1Simia Y §.704
2. 76 T2 yz 24,020 y21s1 0. 23 ERTE
53 76, 9T 1z 2.209 12041 . 044 0.159
o5 . 76901 y2 24,417 L 2Na7E, FAE R
ok 600 1T 1 P e.anr 120106 154 y.As0
= 76 90 2% sz gew 120107 A1 2,502
= g At I 72,222 jeneaz. 07e 2,312
=2 76 9714 a6 5,867 § 20295 8T 4,263
e 76 P 1E AS 17,047 121446 52F 2. 4TS .
e 769 AE a5 23,013 121473.2731 4., NEF
S TS 16 35.929 119217.154 -4, 7%%
ot 16 980 17  1.918 119211, 507 -3, 254
A L & 20.e3T y @21 0. 56E 2,891
tox . 16 281 15 SF.e1E 1 2zns. 217 —%., 0147
ot 1 R ag 27.038 1 aza2. 244 -1, 280
so%. - Te. AN a4 12.44% yzasen. 217 -1, 392
s .76 44 33.300 1z0s27.%18 —01, ZEF
Fedlles TSh A ez 25.992 121640 . 22 %, ¥87
06 T A% LT 0 21.302 121681.41% -2 D29
T b T y 47.357 jp170e. 02?2 S ERE
b > 12.1% 121707126 ~1.274

As of Jul¥ 1, 1977 the orbits for both SOLRAD 11A and SOLRAD 11B
are 1isted pelov. Theotwo satellites are in their final con-
figurations nearly 180° aparbt-

J Table (28) orbital Elements for SR11A on July 1s 19717
A =z L 515h.3660 X = 25186.5h390
B = 0.00758780 Y = 802.61600
1 = 27.10 7 = 56588.50950
NODE = 10.2113 o = ~1.75178
r PERTI = 122.6350 = -0.39585865
MEAN = 330.41 T 7D = o.ohohszuh
MJD = 43325 HM/S = 00/00/00 000

Table (25) Oorbital glements for gR11B on July 1» 1977

A = 125231.0100 X = 268h9.9o660
E = o.oo386hh1 = -108788.01300
1 = 26.9783 7 = -569h1.91580
NODE = 10.5011 n = 1.73073720
PERI = 111.1721 YD * 0.40311h23
MEAN = 16 11 7D = o.oh11966o
MJn = 13325 H/M/s = oo/oo/oo.ooo

I




SUBROUTINE DESCRIPTIONS

PROGRAM LOAD

This program allows a user to input a state vector to disk storage
in the proper format to be later read as input to ENTER, GENER, and
DIFFCR. See Sect. (V).

PROGRAM ENTER

The range data may be entered into disk storage in its proper for-
mant by this program. The range observations are later used as input
to DIFFCR. See Sect. (yp).

PROGRAM GENER

Ephemeris generation, state vector updates, rise and set times,
and eclipse times are determined by this program. See Sect. (VII),

PROGRAM DIFFCR

The orbit determination program is located here. See Sect. (VIII).

SUBROUTINE AZEL (R, T, AZ, ELV, IND, KEY)

The azimuth AZ and elevation ELV of a satellite with position R at
time T is computed. Key is i for ELV greater than zero and KEY is
zero for ELV less than zero. The station key is IND. Blossom Pt:
IND = 1, ARCETRI, ITALY: 1IND = 2, AMEDABAD, INDIA: IND = 3.

SUBROUTINE PAPER (X, T)

The state vector X at time T is listed on the line printer.
Both Keplerian and Cartesian version is listed.

SUBROUTINE BIGLET (XMB, XML)

The 7 x 7 covariance XMB is reduced in size to XML whose size is
equal to the number of parameters free in the differential corrections
process. XML is generally a 6 x 6 square array since the bias
parameter is usually held fixed in the orbit determination process.
The state error covariance matrix is with respect to the coordinate
set (n, £, n, i, @, U, BIAS).

SUBROUTINE LITBIG (XML, XMB)

The covariance XML is increased in size to XMB (7 % 7).
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SUBROUTINE INOD (X, T, IDEN, NOBS, RMS. BIAS, LUIN, WM, LF, LR)

INOD represents an input subroutine to the orbit determination
program. The state vector X is read from the disk file into core
storage.

SUBROUTINE OUTOD (X, T, IDEN, NOBS, RMS, BIAS, LUOUT, WM, KSTART, KSTOP,

NPRINT, LF, LR)

Similar to INOD except the data is read from core storage out to
the disk for permanent storage.

SUBROUTINE RTTIME (TA, TB)

From the time TA, the time one minute from the nearest hour is
computed. This time is denoted as TB. For the SOLRAD Project all
epochs are referenced one minute past the nearest hour to the beginning
or end of the data span. This is for convience only and thus not
required for any phase of the project.

SUBROUTINE FANDG (X, Z, T, TN)

The state vector X is propagated through time (T-TN) via the
standard f and g series. The resulting state vector is stored as Z.

SUBROUTINE FORCE (K2, K3, K4, KDRAG, KSUN, KMOON)

This is a data initialization subroutine. K2, K3, K4, KDRAG, KSUN,
KMOON are keys to include or exclude the perturbations J2, J3, J4, drag,
Sun and Moon respectively. If the keys are set to one the respective
perturbations are included and if set to zero they are excluded.

SUBROUTINE DEGRAD (A, B)

The Keplerian state vector A (a, e, i, Q, w, M) is converted from
degrees to radians. The result is B. The first two components remain
unchanged.

SUBROUTINE RADDEG (A, B)

Opposite to DEGRAD. The Keplerian state vector is converted from
radians to degrees. The first two components remain unchanged.

SUBROUTINE ELRELN (ELR, ELN)

The Keplerian state vector ELR as defined above is converted to a
non-singular set of elements ELN, i.e., n, e cos w, e sin w, i, Q, M+w,
where n is the mean motion. Both ELR and ELN are espressed in radians.
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SUBROUTINE ELNELR (ELN, ELR)

Opposite to ELRELN. The non-singular set of elements (for near-
zero eccentricity) are converted to the Keplerian set which are expressed
in radians.

SUBROUTINE FOUR (X, TSTART, TSTOP, INT, DT)

The driving subroutine for the numerical integrator RUK. X is the
Cartesian state vector, TSTART the starting time, TSTOP the stop time,
INT the print interval, and DT the step size. The print interval is
thus INT-DT.

SUBROUTINE RUK (X)

A fourth order Runge Kutta numerical integrator.

SUBROUTINE DFQ (X, DX)

DFQ computes the derivatives DX which are required by the subroutine
RUK.

SUBROUTINE DIFFEQ (D, U, V, W, UD, VD, WD, UDD, VDD, WDD)

The accelerations due to the various perturbing forces are computed

by this subroutine. D is the time;U,V,W are the inertial position
components; UD, VD, WD are the inertial velocity components: and UDD,

VDD, WDD are the accelerations.

FUNCTION STPSZE (X, STEPCN)

The step size required by the numerical integrator is computed by
this subroutine. STEPCN is the number of radians per step - usually
set to 0.05.

SUBROUTINE ORBIT (ELD, X, T, TN)

The Keplerian state vector ELD is propagated analytically through
the time period T-TN. Perturbations due to J, only are included.
The perturbations include only those terms not involving eccentricity.
It is therefore valid only for low altitude. near circular orbits and
for short time spans. ELD is expressed in degrees.

SUBROUTINE STATEL (X, ELD)

The*}eplerian state vector ELD is computed from the Cartesian state
vector X. The units for both X and ELD are degrees and kilometers.
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SUBROUTINE ELSTAT (ELD, X)

o
The Cartesian state vector X is computed from the Keplerian state
vector ELD. The units are in kilometers and degrees.

FUNCTION ARKTNS (N, X, Y)

A four quadrant igverse tangent subroutine. If N = 180 a value
between the range -180" to +180 is returned. If N = 360 the range is
0° to 360°.

SUBROUTINE POSION (T, X1, Y1, Z1)

The geodetic station location (X1, Y1, Z1) of Blossom Point,
Maryland is computed at time T. The position is respect to inertial
space. (True Eq. of Date.)

SUBROUTINE PLACE (T, X1, Y1, Z1, XLAT, XLON)

The geocentric latitude and longitude XLAT and XLON are computed for
a satellite at position S1, Y1, Z1 at time T. T is the total number
of seconds measured from January 1, 0 hours 1970.

SUBROUTINE GHA70 (TSEC, TDAY,GHAN, DA, OMEGA)

The Greenwich hour angle GHAN is computed from the time TDAY and
TSEC. TDAY represents the number of whole days from Jan. 1, 0 hours
1970. TSEC represents the number of seconds of the fractional day.
For example for 0200 June 1, 1977. The modified Julian date (MJD) is
43295, TDAY = 2708, TSEC - 7200.

SUBROUTINE SUN (T, XS)

The position of the sun XS is given at time T. This subroutine
calls the additional subroutine SUNPS (XJD, XS) for the solar position.
For computational efficiency SUN merely interpolates the values obtained
from SUNPS. Although SUN may be called thousands of time over an
integration span, SUNPS may be called no more than several times.

SUBROUTINE MOON (T, XM)

The lunar positions XM is computed at time T. Moon is also an
interpolation routine which calls an additional routine MOONPS.

FUNCTION FASTRG (ELN, T, TN)

The range of the satellite from Blossom Point is computed at time
T. The satellite state vector is ELN at epoch time TN. The state
vector is propagated analytically including no perturbationsT is -1
routine is used to compute the tracking covariance matrix (H' R™" H)
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where H 1is the sensitivity matrix and R is the observational
variance matrix. ELN represents the state vector by the non-singular
set of elements (n, £, n, i, @, U). For computational speed the routine
is written in single precision. The units for ELN are kilometers and
degrees.

SUBROUTINE FLSTAT (ELR, X)

Similar to ELSTAT but the computations are performed in single
precision. ELR represents the Keplerian state vector in radians.

SUBROUTINE DERIV (ELN, TIME, TN, H, NR, NC)

The sensitivity matrix H is computed for each of the times given
in the array TIME. H 1is a NR # NC array, where NR is the number of
data points and NC 1is the number of state variables to be determined
in the solution. NC can be from one to seven (usually six). Hj; is
the sensitivity of the ith range value with respect to a change” in the
jth component of the state vector. ELN is the state vector with epoch
TN.

SUBROUTINE REDUCE (KA, KB, KC, KD, KE, KF, KG, NC, NUMBER)

The number of free parameters, NUMBER, represented by the number of
non-zero numbers in the calling sequence KA, KB, ... KG is determined.

SUBROUTINE ERASE (DX, DE, NC)

The full 7 x 1 array DE is determined from DX the correction
in the state vector due to the observations. DE represents the full
correction. The components of DE which were held fixed in the
differential corrections process are set to zero.

SUBROUTINE ORDER (Y, TIME, KMAX, TMAX)

The set of observations Y are ordered in ascending order with
respect to TIME. The length of TIME and Y is given by KMAX. The
time of the latest observation is given by TMAX.

SUBROUTINE OUT (A, NR, NC)

The array A is listed on the line printer. The number of rows
is NR and the number of columns is given by NC.

SUBROUTINE TRAFER (A, B, NR, NC)

The array A is copied into B. The dimensions of both are
NR x NC.
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SUBROUTINE TRNPSE (A, B, NR, NC)

The transpose of A is computed and stored in B. The dimensions
of A are NR x NC. The dimensions of B are NC x NR.

SUBROUTINE ADD (A, B, C, NR, NC)

The sum of A and B is stored into C: i.e., C = A + B. The
dimensions of A, B, and C are NR x NC.

SUBROUTINE SUB (A, B, C, NR, NC)

The difference of A and B is stored into C; i.e., C = A - B.

SUBROUTINE MULT (A, B, C, NR, NS, NC)

The matrix product of A and B is computed and stored into C.
The dimensions of A are NR x NS. The dimensions of B are NS Xx
NC and the dimensions of the result are NR x NC. In other words
C = AB.

SUBROUTINE IVERSE (BSAVE, B, NX)

This is a matrix inversion subroutine. The inverse of BSAVE is
computed and stored into B. The dimensions of each are NX x NX. To
reduce the possibility of underflow and/or overflow on the PDP-10 the
matrix is scaled before the inverse is carried out.

SUBROUTINE SHADOW (T, X)

The times for passage into and out of the lunar and earth penumbra
and umbra are computed. This subroutine makes use of the functions
DARSIN, ADOT, DOT, and FNORM. The subroutines ITRATE, FG, and SHAD are
also used.
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PROGRAM LISTING
PUOGKAM LOAD

LMPLIZLIT VIUBLE PHECLSIDN (A=-n,J)-i)
500 FORMAT (3A5)
300 FGRMAT (A1)

100 FOKRHMAT (A9)

101 rUxMAT (L9)

102 EOKMAL {D20.10)

104 FORHUAL (212,Fb6.3)

133 FurHKAT (A1))

200 PURMAZ (/,41H ENTEX THE Nasc JF {ds ASCII OUTPUT FPILE,
* /,41H I'dls5 CAN bBE Iaw L[t¢Ji ¢1LE TO EITukR Thg,
* /,%1 Dapll DETERALNALLON ¢rJIGRAM OR ZPHEMEKIS,

/,4 T SENELXATION PdJlsuAn: ¢ JIRMAT (XXXKXK.EXT))

201
292
203
601
2904
205
206
207
208
299
214
215
216
217
213
219
210
3N
302
393
304
305
3%6
3017
401
402
403
40y
495
400
437
501
592
533

FORHAL (7,344
FOUMAT (7, 384
PORMAL (/,40H
FURMAT (/,404d
FOKMAL (/,08H

FOKMUAL (7,04

FORMAL (/,0H

FORUAT (/491

FOKMAL (/,9H

FORMAT (/,9H

FORMAT (/,28H
FOURMAT (/,19H
FORMAT (/,13h
PO/UAL (/7,110
FORMATL (/, 20t
FORMAT (/, 194
FOxMAI (7,111
FORMAAL (/,130d
FOURHAT (/4131
FURMAL (/,1301
FORMATL (/, 150
FUKMAT (/, 14d
FORMAL (7, 15H
FURHMAL (/,30H
FORMAL (/, 141
FORMAL (/,214
FORUAT (/, 210
FOUMAT (/, 2041
FURMAL (/,241
FORAAL (/, 10l
FOSMAT (/,17H
FURNMAT (/,438h1
FURNAT (/ ,25H

ENTER SATELLLlL sLoNDIFICATION -

ENTER MODIFLoD JULLAN

ENTER

RECTANGULAR o8 KoPLodeAN

ENTER
ENTER
ENTER
ZNLER
aNTER
ENLZR
cNDER
LNTBi
ENTER
oNT 2R
LNTERQ
ENTEE
ENLar
LNCLU
LNCLJ
LNCL)
LACLY
INCLJ
INCLI
¢CET
3JLVE
3JLVE
5J)LVE
5JLVE
SILVE
5JLVE
>JILVE

doUrs, 4L4,
X)

Y)

z)

XD)

YD)

4D)
SEMIL-uAJUs ALios
ECCENLPuacllY)
INCLIJAATLON)
NODZE)

CELlGde AdGlLu)
MEAN AdJMALY)
BIAS)
DE J2 2)
DE J3 2?)
DE J4 2)
DE DRAu
DE SUN 2)

DE MOOw 2?2)
et KiLkovciowns ?
FOR A ?)

FOR £ CJ5(a) 2)
POk E oaN(w) 2)
FOu INcuLlNATLON
FOFE NJOuAL ANsLE
Me*a 2)
BLAS 2)

?2)

FOK
FOn

VATE -

LNPUT ?

LN KM)

(A5))
(I5))

Ao o5(C AS HHMMSS.5SS)

(TYPE & OR K))

- TYPE F 01 K)

?
H

2)
)

PERTIROATLION PAsnidcllbus ARL,2X,b17)
NIN-FLAED PauAdelous ARZ,2X,7I11)

FORMAL (141 AN{ CUHANGES 2)
DIMENSEIN £(7) ,XH(49) , LF(2) sun(]),eLD(T)
CUMAON /K QUNT /K DUNT (7)
LOGICAL KILO
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DATA KOUNT/Z1,1,1,1,1,1,1/
DATA KAA/"202517170312/
UATA KBB/"202024067744/
DATA Kol/"20234402010C/
DATA Li&/1,1,1,1,1,1,0/
DATA LF/1,0,0,2,1,1/

TYPE 200
ACCEET 103,XNANE
OPEN (UNIT=21,ACCESS='SE JJI', PLLc=ANAME)

TYPE 201

ACCEPT 100,IDcd

TYPE <02

ACCEPT 101,MJ0

TYPE 203

ACCEPT 104,MH,44,ISEC

TYPE 601

ACCEPT 300,LNY

IF (LNY.Ey.1HK) G) TO 8
IF (LNY.EQ.14&) GJ IO 4

4 TYPE 307
ACCEPT 300,LNY
IF (LNY. EQ.1HK) KILO=.TRUL.
LF (LNY. Eu. 1HF) KILLJO=.FALs>E.
LF (LNY.NE.VHFAND LNY.No.1uk) 33 1D 4

TYPE 204
ACCEPT 102,X(1)
TYPE 205
ACCEPT 102,X(2)
TYPE 206
ACCEPT 102,X (3)
TYPE 207
ACCEPT 102,X(4)
TYPE 208
ACCEPT 102,X (5)
TYPE 209
ACCEPT 102,X(6)
IF (KILO) GO ID 6
DO 5 K=1,6

5 X (K)=3.0480-4%X (K)
GO TO 6

8 TYPE 214
ACCEPT 102,ELD (1)
TYPE 215
ACCEPT 102,ELD(2)
TYPE 216
ACCEPT 102,ELD (3)
TYPE 217
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10

20

30
40

50

ACCEPT 102,ELD (4)
TYPE 218
ACCEPT 102,ELD (5)
TYPE 219
ACCEPT 102,ELD(6)
CALL ELSTAT (ELD,X)

BIAS=0.JDO

TYPE 501, (LF (K) ,K=1,6)
TYPE 503

TYPE 500,KAA,KBB,KCC
ACCEPT 300,LNY

IF (LNY.EQ.1:dN) G2 TO 30
IF (LNI.NE.1HY) G) TO 10

DO 20 K=1,6

LF(K)=0

TYPE 301

T'YPE 500 ,KAA,KbB,KCC
ACCEPT 300, LN{

I7 (LNY.EQ.1dY) LF (1)=1
TYPE 302

ACCEPT 300,LNY

IF (LNY.EQ.1HY) LF (2)=1
TYPE 303

ACCEPT 300, LN

LF (LNY.Eyu.1HY) LF (3)=1
TYPE 304

ACCEPT 300,LNY

IF (LNY.Ey.1dY) LP (4)=1
TYPE 305

ACCEPT 300,LNY

LE (LNY.EQ.1dY) LF (5)=1
TYPE 306

ACCEPT 300, LNY

LF (LNY.EQ.14Y) LF (6)=1

LYPE 502, (LK (K) ,K=1,7)
TYPE 503

TYPE 500 ,KAA,Kuvb,KCC
ACCEPT 300,LNY

IF (LNY.EQ.1dN) G) TO 60
IF (LNY.NE.14Y) GJO TO 40

DO 50 K=1,7

LR (K) =0

TYPE 401

TYPE 500 ,KAA,K8L,£CC
ACCEPT 300,LNY

IF (LNY.Ey. 1Y) La (1)=1
TYPE 402

ACCEPT 300,LNY
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60

70
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LF (LNY.EQ.1dY) LR (2)=1
TYPE 403

ACCEPT 300,LNY

LF (LNY. EQ. 1HY) L& (3)=1
TYPE 404

ACCEPT 300,LNY

IF (LNY.EQ.1HY) L& (4)=1
TYPE 405

ACCEPT 300,LNY

IF (LNY.EQ.1HY) LR (5)=1
TYPE 406

ACCEPT 300,LNY

IF (LNY.EQ.1HY) LR (0)=1
TYPE 407

ACCEPT 300,LNY

IF (LNY.Ey.1dY) LR (7)=1

T=(MJD-40587)*864J30.0D0+1i* 3000¢41¢60+TSEC

NO3S=0

RMS=0.0D0

LUOUT=21

DO 70 Kk=1,7

bo 70 J=1,17

K1=K+7%(J=1)

XM (K1) =0.0DO

XM(1)=1.0D0-18

XM (9)=1.00-09

XM(17)=1.0D-03

XM (25)=1.0D-07

XM (33)=1.0D-07

XM(41)=1.0D=-07

XM (49) =1.0D-02

KSTART=1

KSTOP =1

NPRINT=1

CALL oUTOL (X,I,IDEN,NOBS,RM5,LA5,LUOUT,
XM,KSTART, KsTIoP,N2aliNl, P, LR)

CLOSE (UNIT=21)

BRETURN

END

SUBROUTLNE STATEL (X,ELD)
IMPLICII DOUBLE PRECLSION (A-id,)-4)
DIMENSION X(7), ELD(7), B(3)
DATA PL/3.1415926535897903/
DATA TP1/6.283185307179500/
DATA RILD/57.23577951308200/
DATA XMU/398621.500/
B(1)=K(2)*X (6) ~X (3)*X(5)

B (2)=K (3) *X (4) ~K (1) *X (6)
B(3)=K(1)*X(5) ~X (2)*X (4)

R2=X(1) %X (1) +X(2) € X(2) +X (3) *x (3)
V2=X(4)*X(4)+K (5)*X(5) +X (b) *X (o)
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10

29

19

20

30

B2=B(1)*«B (1) +0 (2)*u(2) +is(3) *6(3)
AA=X (1) ® X (U)+X (2)*X(5) +X (3) *£ (0)
R 1=DSQRT (R2)

B1=DSURT (B2)

AA=AA/XHU

P1=B2/KkMU

C3=V2-2.0D0*X1U/ 1

SMA=-XMU/C3

ECC=DSyRT(DABS (1.0D0+C3*pP1/XNU))
XLINC=AKKTINS (13),8(3) ,USQul (u(1)**®ceb (2)%*2))
ANODE=AKKINS (306J,-B(2) ,8(1))
THETA=AKRKTNS (300, (P1-R1) ,81%A4)
AKGLAT=AKKTN5 (300, X (2) *3(1) =& (1) *0(2),X(3)*B1)
PERI=ARGLAT-~-TUETA

1F (PExI.LT.0.000) PERI=vEBit¢[PL
F1=AA*XMU/DSURT (X1iU*SMA)
F2=1.0D0-R1/51A

IF (DAbS (ECL)«GEe1.0D=-8) sJ 1D 1)
COSE=1.0D0

SINE=v.J DO

60 TO 20

SINE=F1/LCC

CusSE=F4/7ECC

E=ARKTN5 (360,.052, SINE)

AMEAN= (E—nCC*SINE)

LF (BCCeEQe0.JdDJ) XMEAN=Ti&lA
LD (1) =SMA

ELD (2) =ECC

ELD (3) =XINC*RTD

ELD (4) =XNODE*KTD

ELD (5) =PERL*RTD

ELD (6) =XMEAN*RTV

RETURN

LND

FUNCTION ARKINS (N,X,Y)
LMPLLCIT DOUBLE PRECLSION (A-t,)-4)
DATA PI/3.1415926535897900/
DATA TP1/b.233185307179500/
LF (X.N2.0.0DJ) GD TO 10

I¥ (Y.6T.0.0D)) T=0.5D0%¢1
IF (Y.LT.0.00)) T=1.5D0%*r.
LF (Y.EQ.0.0D2) T=0.0D0

GO To 2

T=DATAN (Y/X)

IF (XeLIF.0.0D)) T=TePI

I# (T<LT.0.0D)) T=T+TPI

LF (NeEQ.360) 32 TO 30

L¥ (T.GIl.pI) I'=I-IPI
ARKTNS=T

KETUKN

END

54




- 2

SUBROUTINE OUFDD(X,T,IDEN,NUBS,x85,8IAS,
* LUOUT ,WM,K3LART ,KSFOP, NeWiNT, L&, LR)
IMPLICIT DOUBLE PRECLISION (A-t,)-21)

109 FORMAT
101 FORMAT
102 FORMAL
103 FOKMAT
104 FORNKAT
105 FORMAT
106 FOKMAT
107 FORMAT
108 FORMAT
L

109 FORMAT

(2H )

(6H SAT =,7X,A5,2&,5dA
(6H MJL =, I112,24,>5Hc JF12.8,2X,5HY
(6 TSEC=,F12.3,24,5d1L st 12.4,2X,5H2
(6H NOsS=, I12,2&4,2uN00E=,F12.4,2X,5HXD
(6H «Ms =,F12.3,24,5HPLri=,F12.4,2X,5HYD
(6t 5IA5=,F12.3,24,51lcAl=,F12.4,2X,5H2D
(18H COVARLANCE MATZIX)
(8X,1HN, 2X, 2K ,8HE _0S5(W),24,08HE SIN(W),
7X,1HL,0X, 4UNODE, 7X3un+d,o0L,UiHBLAS)
(1X,7 (1PE1Y.3))

e 12.2,2X,5HX

nnu

110 FORMAT (6H FIR3T,I4 ,I8,2X,oHl56C=,¢12.3,24,5HKNG
111 FORMAT (5H LAST ,I4%,I8,2X,>ul5zC=,F12.3,2X,5HRNG

112 FORMAAY
*

113 FORMAT

(17H PERTURBATIONS = ,0il,2X,
24H NON-FIXED PALASciERs = ,7I1)
(4H END)

CUKMON/TM/TIME (1) Z/X/Y (1) /L3TcP/L3TE®
DIMENSION X(7) ,EL(7) WM (49) ,LF (2), i (7)
REWIND LUOUT

CALL STAT:EL (X,EL)

MJD=IDINT (T/86400.0D0) +4J5387
TSEC=DMOD (T, 86400, 0DO)
JF=40587+TIAE (KSTART) /86420G. 200
JL=40587+TIME(KSTIP ) /86400.)00
TF=DMOD (TIME(KSTAKE),B86400.)00)
TL=DMOD (TIME(KSTOP ),86400.000)
RF=Y (KSTART)

KL=Y (KSTOP )

WRITE

(LOOUT,129)

WRITE (LUOUT,101),IDEN,EL(1),X ()
WRITE (LUOUT,122), MJD,EL(2),4(2)

wiITE
WRITE

(LUOUT,103), TSEC,EL(3) ,X (3)
(LUOUT,104), NOBS,Eu (4) 4 £ (4)

WRITE (LUOUT,1)5), BRMS,EuL(D),X(3)

WRITE
WRITE

(LUOUT,106), BIAS,EL(b) ,X (0)
(LUOUT,112), KSTART, JF,IF,dr

WKITE (LUOUT,111),KSTOP, JL,IL,dL
« RITE (LUOUT,1J0)

WRITE

(LUOUT,107)

WRITE (LUOUT,108)
DO 10 J=1,17
10 WRLTE (LUOUT,129), (WA (7*K+J=7) ,5=1,7)
WRITE (LUOUT,100)
dRITE (LUOUT,112), (LF(K),&=1,6), (L& (K) ,K=1,7)
WRITE (LUOUT,113)
END FLLE LUOUT
LF (NPRINT.Z2Q.0) RETURN
TYPE 102
TYPE 101,IDEN,EL(1),X (1)
TYPE 102, MJD,EL(2),X(2)
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10

100

TYPE 103,TSEC,EL (3),X(3)

TYPE 104,NOB3, EL (4),X (4)

TYPE 105, BMS,EL(5),X(5)

TYPE 106 ,5IA5,EL(3),X(6)

TYPE 110 ,KSTAKL,JF,TF, RF

TYPE 111,KST0P ,JL,TL, &L

TYPE 100

TYPE 112, (LF () ,K=1,6) , (Lt (K) ,K=1,7)
RET UKW

£ND

SUBKOUTLNE ELSTAT (ELD,X)

LMPLICIT DOUUSLE PRECISION (A-li,)-4)
DIMENSION X(7), ELD(7), A(3,2)

DATA XHU/393031.5D0/

DATA DTi&/0.017453292519943D0/
SNI=DSIN (ELD (3) #DTR)
CNI=DCOS (ELD (3) *DT R)
SON=DSLN (oL (4) *DTR)
COM=DCOS (ELD (4) #DI'R)
X4=DMOD (ELD (6) , 360 .0D0) *0Tx
ECC=ELD (2)

E=XKi&P (ECC, KM, 1. 0D=10)

SINE=DSIN (&)

COUSE=DCOS (E)

STA=DSQET (1.0D)-ECC**2) *S1nic/ (1. 0DO-ECC*COSE)
CTA= (COSE-ECC) /(1. ODO~ECC*ZOSE)
TAA=AxKTNS (18),CTA,STA)
TBB=TAA+DTR*LLD (5)

CUA=DCOS (TBB)

SBA=DSLiN (TBB)
A(1,1)=+CON*CBA-SIM*CN I*5uA
A(2,1)=¢+SOM*CuA+CIM*CNI*30A
A(3,1)=¢SNI*SBA

A(1,2) ==-COM*SBA-SIM*CNI*_uA
A(2,2)==SUA*SOA+CIOARCN I* A

A (3,2) =+SNI*CBA

P=ELD (1) #(1.0D0-ECC**2)
E=P/(1.0D0O+ECC*CTA)
VR=ECC*STA*DSQRT (XMU/P)

VI=DSYRT (X@U* (2.000/R=1.00)/ELD (1)) -VR*VR)
DO 10 K=1,3

X (K)=i*A (K, 1)

X (K¢3) =VR*A (K, 1) +VT*A (K,2)

g ETURN

END

DOUBLE PRECISION FUNCIION XKKEP (&Ce,X#,TOL)
IMPLICIT DOUBLE PiECISIOd (A-d,)=4)
FOSKKAT (10X,4)H *¢ KEPLE)S L UALLIN DLD NOT CONVERGE *%)
LOLD=XH

DO 10 K=1,100

SEC=DSIN (LOLD) *ECS

CEC=DCOUS (£OLD) *ECC
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ENbLws (XM#SEC—LILD*®CEC) /(1. 000~Cel)
DE=DABS (ENcW—2OLD)

IF (DB.LE.TOL) GO TJ 20

COLD=ENEW

FYPE 100

STOP

XKEP=cNE W

RETURN

END
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PHUGKAM ENTER

LuPLLICLIT DOUBLE PAECISION
FOKMAT (/)

FORMAT (14)

FORMAT (A1)

FOKMAT (A10)

FORMAT (A2)

FOKMAT (¢I2,F6. 3)

FORMAT (F10. 3)

FOKMAT (L4,17,2F11. 3,F9.2)
FORMAT (/,20d4 FOR ALL QUEsLzs %2n,
* /o15d TIPE "Y" - Y&S,
/7,154 “NeOo~ N,

* /., 16H "N o~ 3FJP)

300 FORMAT (/,18a ENTER DAY OF YEAx)
833 FORMAT (/,33H LNTEK YEAR, ws.u. "1277" - (I4))

801 FOKRMAD ( 31 ENTiLd TIML AN Flud: diMM53.SSS)

815 FUKMAT (/,44u WILL THE NEN KANGC OB83cKVATLONS BE ADDED TD,

(A=l ,J=L)
820
870
850
851
855
802
8Ju4
305
8490

*

* /,44id AN EXISTING FLLE U« cNJERED TO A NSW FILE 2)
816 POKMAT ( 334 [YPE "A®" TU ADD [0 EALSTING FILE,

* /e291 TYPE "B" TO osuull A NEw FPLLE)
860 FURMAT (/,40H THE RANG: DALA WAS SIJDUED IN PILE ,A10)
875 FORMAL (/,40H IHE UPDATED sPAls VECIJR WAS STORED LN ,A10)

803 FORMNAT (27H cNIR OBSEKRVED RANGE Ln KM)
810 FOKMAT (Bh YR/DAY=,I12,14/,i3,<¢%,
. TH H/M/S=,12,14/,12, 14/ ,F0. 3)
710 FOUMAT (1o PREDLCTED RANvo =,¢1).2,3H KM,
* 3K, 12H ELEVATION =,tb4 1,414 VEG)
713 FOKMAT (184 RANSE RATE =,F10.5,74 KM/SEC,
* 4X,12d ALIMUTH =,F0a 1,4t D2G)
FURMAT (18H OBSERVED RANGe =,F1).2)
FORMAT (181 DIFFERENCE =, 1)ec,3H KM)
FURMAT (160 Veke IO STIKE 2?)
FOKGAT (1ois ANY MORE 0OBS 2)
FORMAT (/,30d NUMEBRICAL VerSIoN JF "ARANGIN")
FOoMAL (/,34d ENTER ALL Aocail FlLc NAMES IN THE,
* /,31H ALPHANUMERIC FOu4: KXXXXX.EXT)

711
712
813
314
946
958

992 FOLMAL (/,40H ENTER THE NAdE JOF Lad
WHLCHd TUE HKAawse DALA L3 TO BE ENTERED)
ENTER NAAE oF Llie eXLSTING FILE IV,
WHICd THE HaosE DALA 15 TO BE ADDED)
ENTEX NAME J¢ AsCLL FLLE CONTALNLNG,

* /. 381t
993 FORMATL (7,304
’ /,3bH
994 FORMAL (/,306H

NZd ASCII FILE IN,

* /,234 TUE INPUT SIATE VecT)x)
DAMENSLON H(7) ,dT(7) ,XKK(7) gwA (47) ,LF (6),LK(7),TLHME (1)
DLAENSLIN XM (49) ,P (49) ,Q(49) ewu(49) ,NC (1) JYMF(T1) ,ZA(6)
ULMENSLON BLU(T) JELK(7), 2wl (7) ,&(7) 4Ds(7) ,DX(7), ELX(T7)
COMMUN/INIT/INLID/XKY2/XE, (i, 6c/80K0L8/MAXDIN
COUMUN/LOC/XLAT , XLON JALT, w5 QA1
COMMON/b LAS/BIAS /N RDATA/NADALA
COMMUN/KMU/ K40, KE, XJ2
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x

10
1
21

(@}

a

30

DLIMENSION MYSI (20)

LOGICAL PAST

DATA MYST/40931,41316,4%1002,42047,42412,
W2777,43143,43508,43873,44234,
446I4,44969, 45334,45099,4060659,
0,0,0,0,0/

PAST=. FALSE.

KTAG=1

TYPE 946

TYPE 988

TYPE 815

TYPE d1b

ACCEPT 850,LNA

IP (LNA.EWe1HA) BCCESS='APPLND'

IF (LNA.EQ.1HB) BTCESS=*'5c40U01"

IF (LNA. EQ.1HA) CCCESS='5polyour?’

LF (LNA.EU.1dB) CCCESS='5EJ1N?

IF (LNA.EQ.1dA) TYPE 993

ILF (LNA. EQ.1HB) TYPE 992

ACCEPT 851,YNAME

IP (LNA.NE.1HA) GJ TO 21

OPEN(UNLT=21,ACCESS=952QIN® ,/1LS=YNAME)

DO 10 K=1,2000

READ (21,805,cND=11) KKA,KKB,XKXA,XXb,XXC

KTAG=KKA +1

CLOSE (UNLIT=21)

TYPE 994

ACCEPT 851,XNAME

IF (XNAME.EW.YNAME) GO To <1

OPEN (UNIT=22,ACCESS=CCCESS FILE=XNAME)

ENTER STATION COORDINATES
LSTA1=5HBLMPT
ALAT=+38.431414D0
KLON=282.913583D0
ALT=-0.0247D0

LRDATA=21
LUDCIN=22

READ LN FHOM DISK PILE INLPLAL SUZSS FOR ELEMENIS
CALL INOD(X,EPJCH, ISAT,NOBS , KNS5, BLA5,LUDCIN,XM,LF, LK)
CALL FORCE(LF(1) ,LF(2) ,LF(3),LF(4),LF(5),LP(6))

CALL STATEL (X, ELD)
CALL DEGKAD (ELD, ELR)
CALL ELKELN (ELR, ELN)
DDTT=STPSLE (X,0.05D0)
BIAS=0.0D0

ELN (7) =BIAS

TYPE 890

ACCEPT TISME AND RANGE
TYPE 833
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ACCEPT 870,MYSZ

MYSZ=MOD (MYSZ, 100)

MYSN=MYS2-70

LF (MYSN.LE.O.DR.MYSN.GE.16) Gu TJ 30
40 TYPE 800

ACCEPT 870,MDAY

TYPE 801

ACCEPT 802,JR,JH,SEC

TYPE 810,MYSZ,4DAY ,JR, JM, 5EC

MJD=MYST (MYSN) +dDAY

TSEC=JR*3600.JD)+IJM*60.00I¢5EC

TIME (1)= (WJD-40587)*86400.000 ¢ TSEC

RA=RANGE (ELN,TIME(1) #1.000, EPOCH)

RB=RANGE (ELN,TLME(1) -1.000, EEOCH)

RRATE= (RA~RB) /2.0D0

DLNCRM=TIME (1) ~EPJCH
LF (DABS (DINCRM) «3E.5.0D*b) GO £J 40
878 FORMAT (20H UPDATE STATE VEcId&,P3.2,6H HOURS)
DHOUR=DINCRM/3600. 0DO
LF (DABS (DINCKY) .53T.14400.202) L[YPE 878,DHOUR
CALL POUR (X, EPJICH, TIME (1),-1,0DIT)
EPOCH=TIME (1)
CALL STATEL (X,ELD)
CALL DEGRAD(ELD, ELR)
CALL ELRELN (ELK, ELN)
Y PRED=RANGE (ELN, EPOCH, EPOC)

CALL AZEL(X,TIME (1),AZIN,ELEV,1,KEY)
TYPE 713 ,RRATE,AZLM

TYPE 710,YPRED,ELEV

TYPE 503

ACCEPT 804,Y0BS

Y MF (1) =YOBS-YPRZD

TYPE 712,YMF (1)

44 TYPE o813
ACCEPT 850, LN{
IF (LNY.Ey.1HN) GO TO 46
IF (LNY.Eg.1HE) GI TO 50
L¥ (LNY.Ey.1H5) G) TO 50
IF (LNY.NE.1HY) GO TO 44
IF (PAST) BCCESS=" APPEND®
OPEN (UNLIF=21,ACCESS=BCCESS ,FLLE={NAME)
WRITE (LRUATA,805) KTAG,8Ju,15k:,Y00S,YMP (1)
CLUSE (UNLIT=27%
¥AST=. TRUE.
KTAG=KTAu+1

46 TYPEL 84
ACCEPT 850,LNY
IF (LNY.Ey.1HY) GJ TO 40
IF (LNY.EQ.1HE) GJ TO 50
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50

LF (LNY.EQ.1H3) G2 TO 50
LF (LNYeEge1HN) GO TO 50
GO TO 46

CLOSE (UNIT=22)
TYPE osoJd,YNANE
STOop

oND

SUBRUUTLNE AZZL (R, T,AZ,LLV,LlND,KEY)
LMPLLCLIT DOUBLE PRECISION(A-ii,0-2)
DLMENSION R(3) ,RZ{(3),S(3),rUl(3),[HETA (3) ,XH(3)
COMMUN/LOC/XLAT, XLON ,ALT,L5TA
COMMON/MOC/YLAT, YLON ,BLT,LSTAZ
COMMON/NOC/ZLAT, ZLON,CLT, LSTA 3
COMMON/XMU/XMU,RE, XJ2

DATA DTR/.01745329252D0/

DATA £EP/0.08131333402D0/

DATA PI2/1.57373632700/
THETA (1) =XLAT*0OTR
THETA (2) =YLAT*DTR
IHETA (3) =ZLAT*DIR

PHI (1) =XLON#*#DTR

PHI (2) =Y LON*DT&

PHI (3) =ZLON*DI'R

XH (1) =ALT

XH(2)=BLT

XH(3)=CLT

TD=1DLNT (T/86400.2D0)

TFP= UMOD (T,86400.2D0)

CALL GHA70(TF,ID,5,0.0D0,04)
G=G*DTH

SL=DSLN(THETA(LND))
CL=DCOS(THETA(IND))
SP=DSLN (PHL (IND))
CP=DCOS (PHI (IND))

SG=DSIN(G)

C6=DCOS (G)

RZ(1)=+a (1) *C5+R (2)*SG
RZ(2)=-R (1) *S3+R (2)*CG

RZ (3)=+1 (3)
XN=KE/USQRT (1. DO-EP*EP*DSLl (I HETA (LND) ) %*2)
KZ(1)=R2 (1) ~(XN¢XH (IND)) *CL*CP

R4 (&) =R4 (2) ~(AN+XH (LND) ) *CL*5P
RZ(3)=R4 (3)~(KN* (1.DO-EP*EP) +Ad(L1dD)) *SL
SP=DSiN (PHI (IND) +PI12)
CP=DCUS(PHIL (IND) +PI2)

SL=DSLN (PLI2~-T4dETA(IND))
CL=DCOS(PLZ2~TdETA(IND))

S (1)=¢CP*RZ (1) +5P*RZ (2)

S (2)=-5P*RZ (1) +CP*RZ (2)

S (3)=+R% (3)

RZ (V1) =+S (1)
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RZ (£) =+CL*5(2) +5L*5(3)

RZ (3)=-SL*S (2) +CL*5(3)
AZ=ARKRTNS (300,RZ (2) ,RZ (1)) /uIl&
RM=DSQRT (dZ (1) *RZ (1) #+RZ (2) *Kéi (2) +RZ (3) *RZ (3))
SEL=KR4 (3) /BRM
CEL=DSUkT(1.D)-SEL*SEL)
ELV=ARKINS (180,CEL,SEL) /ulk
KEY=0

IF (ELV.GT.0.00)) KEY=1

RETURN

END

DOUBLE PRECISLON FUNCTION &ANGE(ELN,T,TN)
IMPLICIT DOUBLE PHECISION (A-i,d-2)
COMMON/BIAS/BLAS

DIMENSION ELN(7) 4ELR (7) 4540 (7) (2K (7)

CALL ELNELR (ELN, ELR)

CALL KADDEG (ELR, ELD)

CALL PUSION(T,XSTAT,YSTAT,LS5IAL)

CALL O&BIT (ELD,RX, T, TN)

Ke= (XSTAT—RX (1)) *% 2+ (YSTAL—xX (2) ) ** 2+ (LSTAT-RK (3)) **2
RANGE=DS URT (K2) + BL AS

RET Uk

END
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108
101
131
103
104
107
111
125
130
126
106
300
400
37
370
372
409
105
100
102
113
120
110
109
181
112
290
210
230
114
310

127

* % % ®

PHOGHAM GENER

1MPLICIT DOUBLE PLECISION (A-i1,)-4)

FORMAT (212,F6. 3)

FOKMAT (D15.10)

FORMAL {///)

FORMAT (A2)

FPOKMAT (3A5)

FORMAT (A10)

PURMAT (15)

FORMAT (A1)

FUOKMAT (4H END)

FORMAT (166 TYPE "Y™ OR "s")

FORMAT (//,15d4 FLNAL STATL LS)

FOKMAT (/, 171 AUREV PRINLJUIL 2)

FORMAT (/,204 FOR ALL QUERLuSs "2")

FOKMAT (/,24H AANT LISTINs ON DLSK 2)

FORMAT (/,24H WANT TELETYPL LISTLNG 2)

FOKMAT (/,40d c8TER ASCII FLLE NAAE GF OUTPUT LI3STING)
FORMAT (/,39H ENIER PRINT LuTcaVAL Id HOURS - HH.HHH)
FORMAT (//,29H INITIAL STATE AND cP?JOCH FOR ,A5,4H ARE)
FOKMAT (/,35il ENTER INTEGAALLON INTcaVAL IN DAYS)
FORMAT (/,33H FDURTH Oi& NIaIn OmDEX 4NTEGRATOR)

FORMAT (/,23H MOVE STARTING POLnl BY,F10.4,5Hd DAYS)
FURMAT (/444 ROUTINE DOES NOI WUuk rOR REVERSE TIME SPAN)
FORMAT (/,404 ENTEX HOURS,d4iN,5&. LN PORM HHMMS5.SSS)
FORMAT (/,36t ENTER 40D JULLAN UATZ JF START TIME)
FOKMAT (/,341 ENTER HOUR OF DAY LN PORM HH - I2)
FOKMAT (/,36H ENTEX MOD JULLAN DAIc GF STOP TINME)
FORMAT (/,39H ENTER ASCII FILo NAME OF INPUT VEZTOK)
FORMAT (/,42H ENTER ASCII ¢ILi NAMG OF OUTPUT EPHEMERILS)
FOKMAT (/,39H ENTER ASCII FILé NAMz OF OUTPUT VEZTOR)
FO&MAT (/,24H INTESRATION PLME SPAN =,FP10.4,5H DAYS)

FORMAT (/,23HH T'YPE "“A" - ALp«T M0D&,
/ +25H “B" - ECLLIPSc vJbE,
/,33d new - ZPHEAERIS SENERATION,
/s 4O0H “D" - TO JUPDAI& STATE VECTOR ONLY,
/ J49H e I'D) LIST STATE AT SPECIFIED INTERVALS)

PORMAT (/,26H 3AVE FINAL 5PAZa VECIDJK ?)
DIMENSLON X(7) ,ELD (7),¥M(49),LF(6) ,LR(7)
COMMON/LOC/XLAT , XLON ,ALT, L5TA 1
COMMON/MOC/YLAT, YLON ,BLT, LSTAZ
COMMON/NOC/ZLAT, ZLON,CLT,LSTA 3
COMMON/SHADO/KKEEY Y/DXDYVZ/ 0K, D L0
COMMON/ISTEP/DSTER /BIAS/0IAS
CONMON/ABREV/ASREV /KEY /KSKS , KE XY

LOGICAL AGHKEV,ALERT, BCLP3, cPlict, UPDAT,KLIST,MLIST, NLIST
DATA KAA/"202517170312/

DATA KBB/"202346420336/

DATA KCC/"711011634500/
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LSTA1=5HBLMPT
XLAT=+33.43141400
KLON=262.913533D0

ALT =-0.02470)

L5TA2=5HITALY

YLAT=+43,754D0
fLON=#¢11,255D0

BLT =+0. 180400

LSTA3=5HINDLiA

LLAT=+23.033D)
ZLON=#72.5083DU

CLT =+0.0D0

BIAS=0.0DO

LUIN=21

LUOUT=¢2

LUSAV=23

KKEEYY=0

KEYS5=0

KEYM=0

I'YPE 310

ACCEPT 125,LNA

ALERT=. FALSE.

ECLPS=.FALSE.

EPHEM=.FPALSE.

UPUAT=.FALSE.

KLIST=.FALSE.

LF (LNA.EJ.1HA) ALERT=.TuUw.
IF (LNA. EQ.1Hd) ECLPS5=.TnUi.
IF (LNA. EQ.1H.) EPHEM=.TRUZ.
I? (LNA.EQ.1dD) UPDAT=.TaUE.
IF (LNA. Ege1HZ) KLIST=.TaUbe.

TYPE 200

ACCEPT 107,XNAME

UPEN (UNIL=21,ACCESS='SE LN ', FLLE=ANAME)
IF (.NOF.EPHE¥) G) TO 7

TYPE 210

ACCEPT 107,YNAYL

LF (ANASE.Eu.YNAME) GO T 5

UPEN (UNIT=2£,ACCESS='3EJUT! ,FLL.=1NAME)

REWIND LUIN

TYPE 400

TYPE 146

LP (EPHEM) d2wIND LUOUT

CALL INGEN(X,PSTART, ISAT,¥0wu5, R4S, DiA3,LUIN,
* wM,KSTARI,KSTOP,Ji,JdL, ¥, TL,EF,RL,
. LF,L])

CALL FORCE (LE(1) JLP(2) JLE(3) LE(4) 4bF(5) ,LE(6))
IP (ALERT) DDIT=STPPSZE (X,J).Vou0)

LF (ECLPS) DDIT=SPPSLE (X,Jev200))

LF (EPHEM) DDTT=STPSZE (X,J.0320))
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LF (UrDAT) DOTI=S5TPSZE (X,J.uU400)
IF (KLIST) DDIT=5TPSZE(K,J.U4%00)
TSTEP=DDTT

TiPE 105,IS5AT

CALL PAPER(A4,ISTART)

IF (ALenT) 30 I 75
IF (£CLPS) GO T2 35
LF (EPHEM) GO I3 12
LF (UPDAT) 30 ID 35
IF (KLIST) GO IO 90
GO TO 4

EPAEMERLS GENZHATLION CODs CONILNUES HERE
TYPE 109

ACCEPT 111,MJD

IF (IAB5 (MID-43502).GT.10JJU) wu IO 12
TYPE 181

ACCEPT 1008,MH

TBLGLN=(84JD-40587) *86400.J00+4:d*3000.0DI¢#60.0D0
TeL=(TBEGIN-T3TART)/86400.000

TYPE 113,TEL

if (TEL.EY.0.JD0) GO TO o

CALL FOUR(X,T3TARL,TBEGIn,-1,00I1)
TYPE 105,I5AT

CALL PAPER(X,T3EGLN)

TYPE 300

ACCEPT 125,LNY

IF (LNY.EQe1HY) ABKEV=.TRUL.

IF (LNY.Ey.1HN) ABREV=.FALScC.

LF (LNY.NE.1H¥.AND.LNY.NZ.1dY) 50 LD 5
TYPE 112

ACCEZPT 111,MJ0

I (IAB5 (MJD~43500).GT.10000) GJ [J 8
LYPE 110

ACCEPT 108,M4H,4N8,52C

TSTOP =(H4JD-4)587) #*86400.,000+AH*3000.0D0O+*MN*560.J D0 +SEC

ITEL= (ISTOP-TBESLIN) /86400.000

TYPE 114,TEL

If (TelL.LE.0.J0)) TYPE 120

1F (T&L.LE£.d.)DJ) STOP

CALL PLIND4 (X,TUEGLN,TSTOP,DDIL,i5AL,LUOUT)
WRITE(LUOUT,139)

CLOSE (UNIT=22)

6O TO 40

ECLIPSE AND UPDATE CODE COonNTlnUc3> HERE
1F (ECLPS) KKEEYYI=1

1¥ (UPDAT) KKEEYY=0

TYPE 11¢

ACCEPT 111,MJ0

LF (IABS (MJD=43500).6T.10030) Go 2D 35
TYPE 110
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92

94
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ACCEPT 108,Ml,MN,SEC

TSTOP =(MJID-4I587) #*86400.000+urd*3000.0D0¢MN*60.)DJ +SEC
TZL=(TSTOP-TSI'ART) /86400.000

TYPE 114,TEL

CALL FOUKR(K,T5TARI ,TSTOP,-1,0UDTIT)

GO TO &)

LISTING OPTLON STAKTS HEKs

KKEEYY=)

TYPE 112

ACCLPT 111,MJD

IF (IAB3 (MJD-43500).GT.1003u) GJ [D 90
TYPE 110

ACCEPT 108, Md,MN,SEC

TSTOP = (MJD-4)587) #36400.000¢1H*3600.0D0O+MN*60,) D0 +SEC
ITEL= (L5TOP-TSTART) /86400.000

TYPE 114,TEL

TYPE 409

ACCEPT 101,XSIEP

IF (DABS (XSTEP).GL.1.0D+4) so TJ 31
ZSTEP=XSTEP*360)

IF (ToleLE<0.)D0.) & XSTEP. LieUaud)) TYPE 120
IF (TEL.LE.0.J)DO.DR.XSTEQ.LE.0.DD)) GO IO 90
MLIST=.FALSE.

NLIST=.FALSk.

PYPE 370

ACCEPT 125,LNY

LF (LNY.EQ.1H1) MLIST=.TkUc.

TYPE 371

ACCEPT 125,LNY

IF (LNY.EQ.1dY) NLIST=.TuUb.

IF (.NOT.NLEIST) GJ TO 99

TYPE 372

ACCEPT 107,YNAME

1F (XNAME.EQ.YNAMEZ) GO TU 98
OPEN(UNIT=22,ACCESS="SEQUUT", FLLE=YNANE)
T1=TSTARKT

TYPE 131

I1F (MLIST) CALL PAPER (X, 53TAax)

LP (NLIST) CALL DAPER(X,[3IAdT,LUJUT)
T2=T1+4ZSTEP

CALL FOUK(X,T1,T2,-1,DDTI)

IF (DABS (F2-I512P) cLE.1.JDJ) GO IJ 94
IP (MLIST) CALL PAPER(X,IZ)

IF (NLIST) CALL DAPER(X,I2,wUoUl)

LF (DABS (I2-T300P) oLTeDABS (4STEP-1.0D0)) GO TO 94
IF (T2.6T.TSTOP) 30 TO 94

PI1=T2

GO TU 92

CALL FOUR(X,T2,ISIOP,=1,0DLT)

1P (ML15T) CALL PAPER(X,T5Iue)

1F (NLIST) CALL DAPER(X,I5I0®,LUDUT)
TIPE 131
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75

40
45

50

10

1P (NLIST) CLOSE (UNLT=22)
GO TO 40

ALEET PROGRAM STARTS HERs
TYPE 112

ACCEPT 111,MJ0

TYPE 112

ACCEPT 108,MH,MN,SEC

TSTOP =(MJID-40587) *86400.0D0¢4H*3000.0D0¢#MN*60.)D0+SEC

TEL=(TSTOP-TSTART) /86400.0D0
TYPE 114,TEL
CALL SIX (X,TSFART,TSTOP,-1,DDTT, ISAT)

ALL MODES INCLUDE THE FOLLOWING ZJDb
CLOSE (UNIT=21)

TYPE 106

CALL PAPER (X,[STOP)

TYPE 127

ACCEPT 125,LNY

IF (LNY.EQ.1HN) RETURN

TYPE 230

ACCEPT 107,ZNAME

IF (LNAME.EY.YNAME) GO TO 50

OPEN (UNIT=23,ACCESS='SEQUUT',FILE=4NAME)
REWIND LUSAV

CALL OUTGEN (X, TST)2P, ISAT,NOBS ,R45, DIAS,LUSAYV,
* WM, KSTAKT,KSTOP,J¥, Ji, IF,TL,RP,RL,
* LF,LR)

CLOSE (UNIT=23)

STOP

END

SUBROUTINE FINDY (X,TBEGIN,TSIOP,0T,1SAT,LUOUT)
IMPLICIT DOUBLE PRECISION (A-t,d-Z)
COMMON/TSTEP/ISTEP/NCAL/NCAL
COMMON/KEY/KEYS, KEYM

DIMENSION X(7),%(7)

NCAL=0

KEYS=0

KEYM=0

CALL RTTLME(TBESIN,TSTART)

IF (DABS (TBEGIN-TSTART).LT.0.0102) GO TO 10
CALL POUR (X,TBEGIN,TSTART,-1,DT)

XMSTEP= (TSTOP-ISTART) /0T

YMSTEP=DABS (XMSTEP)+0.0001D0

NMSTEP=IDINT (YMSTEP)

IF (NMSTEP.LT.1) NMSTEP=1
TMSTEP=(TSTOP-TSTART) /NMSTEP

TSTEP=TMSTEP

CALL OUTPD (X,ISTART,ISAT,LUOUT)

X (7) =TSTART

TNEXT=TSTART+120.0 D0

20 DIFF=DABS (TNEXT-X(7))
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50

70

10

15

IF (TNEXT.LT.X (7)) GO TO 4Q
LF (DIFF.GT.TSTEP/2) GO TJ 52
CALL FPANDG(X,Z,TNEXT,X (7))
CALL OUTPD (Z,INEXT ,ISAT,LUOUT)
TNEXT=TNEXT+120.0D0

GO TO 20

IF (DABS (TSTOP-X(7)).LE.1.0DJ) 30 I 70
IP (TSTIP.GT.TSTART.AND.X(7).6E.TSTOP) G3 TO 70
IF (TSTOP.LT.ISTAXT.AND.X(7).LE.TSTOP) GO TO 70

CALL RUK (X)
GO TO 20

RETURN
END

SUBROUTINE SIX (X,TSTART,ISTO?,itl,Dl,ISAT)

IMPLICIT DOUBLE PRECISION (A-d,d~%)
COMMON/TSTEP/ISTEP/NCAL/NCAL
COMMON/KEY/KEYS, KE M
COMMON/XMU/XMU,RE, XJ2
DIMENSION X (7)

LOGICAL LPRINI,SEE

NCAL=0

KEYS=0

KEYM=0

LCON=1

DDT=DT

ELLAST=0.0D0

SEE=.TKUE.

LPRINT=. TRUE.

IFP (INT.EQ.-1) LPRINT=.FALSE.

1F (DABS (DDT).LI.1.0D-4) DDT=3TPSLE(X,0.006D0)

X MSTEP= (TSTOP~TSTART) /DDT
YMSTEP=DABS (XISTEP)+0. 000100
NMSTEP=LDINT (YMSTEP)

IF (NMSTEP.LT.1) NMSTEP=1
TMSTEP= (TSTOP~ISTART) /NMSTLY
TSTEP=TMSTEP

X (7)=TSTART

IF (LPRINT) CALL PAPER (X,X (7))
CALL RUK (X)

CALL AZEL (X,X(7) ,AZ,EL,1,HEY)
IP (ELLAST.EQ.0.0D0) GO [0 15
UELDT= (EL-ELLAST) /TSTEP

IF (EL.GT.0.000.AND.SEE) 52 r0 15

IF (EL.LE.0.0DO.AND..NOT.5L8) GJ I'D 15

TME=X (7) =EL/DELDT

IF (EL.GT.0.0D0) KEY=+1

IF (EL.LT.0.0D0) KEY==~1
CALL INSPCT(TME,KEY,ISAT)

I¥ (EL.GT.0.0D)) SEE=.TRUE.
IF (EL.LE.0.0DO) SEE=.FALSE.
ELLAST=EL
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LF (DABS (TSTOP-X (7)) «LE.1.2DJ) 32 T2 30
IF (TSTOP.GT.TSTART.AND.X(7).GE.T51T0P) GO TO 30
IF (TSTOP.LT.ISTAKT.AND.&L(7).LL.TISTJOP) GO TJ 30
IF (INT.EQ.0) 30 TO 20
IF (LCON/INT*LINI.NE.LCON) SO IO 290
i IF (LPKINT) CALL PAPER (X,x (7))
20 LCON=LCON+1
G0 To 10
30 IF (LPRINT) CALL PAPER (X,X (7))
X ETURN
END

SUBRCUTINE INSPCTI(TME,KEf,13AT)

LMPLICIT DOUBLLE PRECISION (A-d,0-2)
100 FORMAT (1X,I5,28,12,2HHit, 1X,14,3dMIN, 1X,Fb6.3)
101 FORMAT (/,1X,A5,1X, 10H RISE TIME)
102 FORMAT (/,1X,A5,1X, 10H SEL TiHME)

IF (KEY.GT.0) TI'YPE 101,I5AT

IF (KEY.LT.0) TYPZ 102,ISAT

MJD=40587+TMLE/86400.0D0

ITSEC=DMOD(TME,86400.000) +30.0D0

MH=TSEC/3600.9D0

MM=DMOD(TSEC,36J0. 0D0) /6U.IDD

TYPE 100,MJD,H4H, MM

RETUaN

END

SUBROUTINE OUL®D (X,T,ISAL,LUOUT)
LMPLICIT DOUBLE PRECISION (A-d,)-3)

100 FORMAT (2H )

101 FOKMAT (4H SAT,1X,A5,4H MJD, 1X,I5,4H LAT,F6.2,
. UH LON,F7.2,4H &NG,2F10.2)

102 PORMAT (4H LSP,1X,A5,2P6.1,P10.2,2(1X,A5,2F6.1))

103 FORMAT (4H GMT,1X,4I1,1X,3F9.1,1%,3F9.6)

104 FORMAT (4d MLN,1X, I4,1X,3F9.1,14,3F9.6)
COMMON/LOC/XLAT, XLON ,ALY, L5TAY
COMMON/MOC/YLAT, YLON ,BLT,LSTA2
COMMON/NOC/ZLAT,2iLON,CLT,LSTA3
DIMENSION X(7) ,PSUN(6),Pd0JN(0),XLIAD(15,6)
CUMMON/ABKEV/ABREY
LOGICAL ABREV

MJD=IDINT(T/86400.0D0) +40587
MIN=DMOD (T,86400.0D0)/60.uu0¢0.001D0
JEY=MOD (MIN, 30)

J=(JEY+1) /2
DO 5 K=1,6
5 XLOAD (J, K) =X (K)

IF (JEY<NE.1.AND.JEY.NE.15.AND.JEY.NE.29) GO TJ 6
CALL POSION(T,XSTA,YSTA,.STA)
R2= (X (1) =XSTA) #%2¢+ (K (2) —=YSTA) *%2¢ (X (3) =2STA) #+2
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¥ 1=DSQiT (&2)

LF (JEY.EQ.01) KO1=R1
IF (JEY.EQ.15 R15=R1
1F (JEY.Eu.29) R29=R1

IF (JEY.NE.1) 30 ro 7

CALL SUN (T,PSUN)

CALL 8OON(T,PHOON)

KM=DSQRT (PSUN (1) #* 24 PSUN (2) ** Z+PSUN (3) **2)
SA=PSUN(1) /&N

SB=PSUN (2) /KM

SC=PSUN (3) /KM

CALL AZEL(X,T,A%1,EL1, 1,KEY 1)

CALL AZEL(X,T,AZ2,EL2,2,KEY2)

CALL AZEL(X,T,AZ3,EL3,3,4&EY3)

CALL PLACE(T,X(1),X(2) ,X(3) JXuT, XLN)

NIN=MIN

KHR=MLIN/60
LH10=KHK/10

LH1 =MUD (KdR,10)
LM10=00D (MIN,00) /10
LM1 =MOD (MIN,10)

IF (JEY.NE.29) RETURN

WgITE (LUOUT,10)

WRITE (LUOUT,101), ISAT,MJu,&Li,XLd,&15,R829

WiITE (LUOUT,122),LSTAV,A4V,ELY,RBI1,LSTA2,AZ2,EL2,
LSTA3,A%3,EL3

WRITE (LUOUT,123),LH10,Lu1,»410,Ld1, (PMOON (K) ,K=1, 3),
SA,SB,S<

Do 10 J=1,15

JIN=NIN+ 2% (J-1)

IF (JoNEe1.AND.J.NE.8B.AND.J.NE.15.AND. ABREV) GO TO 10

WRITE (LUOUT,104),JIN, (XLUAD (J,K) ,K=1,6)

CONTINUE

RETUKN
END

SUBROUTLINE AZEL (&, TyAZ,EuLV,LND,KEY)
LMPLICIT DOUBLE PRECISION(A-d,0-4)
DIMENSLON R(3) ,R%(3) .S (3),Pul (3),THETA(3) ,XH (3)
COMMON/LOC/XLAT, XLON ,ALT,LSTA
COMMON/MOC/YLATL, YLON,BLT,L51AZ
COMMUN/NOC/ZLAT, ZLON,CLT, LSTA3
COMMON/KMU/XMU,RE, XJ 2

DATA DTik/.01745329252D0/

DATA EP/0.08131333402D0/

DALA PL2/1.57279632700/
THETA (1) =XLAT*DTH

THEIA(2) =YLAT*DTR
THETA (3) =2LAT*DTR

70

e A




a4 -

PHL (1) ={LON*DTR

PHI (2) =Y LON*DTK

PHI (3) =ZLON*DTR

XH (1) =ALT

XH(2) =BLT

XH(3)=CLT

TD=IDINT (F/66400.0D0)

TF= DMOD (T,86400.0D0)

CALL GuA70(TIF¥,I0,53,0.0D0,J4)
LG=G*DTR

SL=DSIN(THETA(LND))
CL=DCOS(THETA(IND) )
SP=DSIN(PYL (IND))
CP=DCUS (PHL (IND))

SG=DSIN(G)

CG=DCOS (6)
KZ(1)=+R(1)*Cs3%a(2)*56
RZ2(2)=-R (1) *55+R (2)*CG
KZ(3)=+R (3)
XN=RE/DSQUKT (1. D)—EP*ZP*DSLN (Lu2ZLA (LND) ) *%2)
KZ (1) =RZ (1) - (KN+XH (LND)) ¢CL*CP
K2 (2)=KZ (2) —(KN+XH (IND)) *CL*5P
KZ(3)=RZ (3)- (XN* (1.D0-EP*EP) ¢Xu(LND)) *SL
SP=DSLN(PHL (IND) +P12)
CP=DCOS (PHI (IND) +PI2)
SL=DSLN(PI2-THETA(IND))
CL=DCOS(PL2~TAETA(IND))

S (1)=¢CP*RZ (1) +5P*RZ (2)

S (2)=-SP*RZ (1) *CP*RZ (2)

S (3)=+RZ (3)

RZ(1)=+S (1)

BZ (2)=+CL*S (2) +SL*5(3)
RZ(3)=-SL*5(2) +CL*S(3)
AZ=ARKTNS (360, K% (2) ,RZ (1)) /DR
RM=DSURT (RZ (1) *RZ (1) +RZ (2) *Ré (2) +R4 (3) *RZ (3))
SEL=RZ (3) /BN

CEL=DSQRT (1.D)-SEL*SEL)
ELV=ARKINS (182 ,CEL,SEL) /OTR
KEY=0

IF (£LV.GT.0.0D0) KEY=1

KETURN

END

SUBROUTINE INGEN (X,T,IDEN,NOBS,RHM5, BLAS,
LUOUT, W4,KSTART,KSTOP,JF,JL,TF,TL,
WF ,RL, LF , LR)

IMPLICIT DOUBLZ PRECISION (A-H,d~4)

100 FORMAT (24 )

101 PORMAT (6H SATI =,7X,A5,2X,5HA =,F12.2,2X,5HX =,F12.2)
102 FORMAT (6d MJID =, I112,2%,5H8 =,F12.8,2X,5HY =,F12.2)
103 FORMAT (6H TSEC=,F12.3,24,5H1L =,F12.4,2X,5H% =,F12.2)
104 FORMAT (6H NOBS=, I112,2X,5HNODE=,F12.4,2X,5HXD =,F12.7)
105 FORMAT (bH KMS5 =,F12.3,2%X,5uPEkl=,F12.4,2X,5HYD =,F12.7)
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106 FORMAT (oH BIAS=,F12.3,2X,5HtaAN=, P12.4,2X,5H2D =,P12.7)
107 FORMAT (184 COVARIANCE MA[KAiX)
108 FORMAT (8X,1Hi,2X, 2X,8HE COS(M),2K,8HE SIN(W),
. 7X,14L, 6K, 4NODE, 74 3ui+d, b4, UHBIAS)
109 FORMAT (1X,7 (1PE1D.3))
110 PORMAT (6H FLK3T,I4,18,2X,9HT55C=,F12.3,24,54RNG =, P12.2)
111 PORMAT (6t LAST ,I4,I8,2X,>HTScEC=,F12.3,2X,5HRNG =, F12.2)
112 FORMAT (17H PZBRTURBATIONS = ,0ll1,2X,
* 24H NON-PIXED PA4AMLizBS = ,7I1)
COMMON/TSTEP/L3TEP /KOUNT/KQuNT (7)
DIMENSLION X(7) JEwL(7) ,WM(4Y) ,LF (b) L&t (7)
REMIND LUQUT
KEAD (LUOUT,1)0)
READ (LUOUT,121) ,IDEN,EL(1) ,& (1)
READ (LUOUT,102), MJD,EL(2) ,X(2)
KEAD (LUOUT,123) ,TSEC, EL (3) ,X (3)
READ (LUOUT,1)4) ,NOBS, EL (4) ,X (4)
READ (LUOUT,105), BRMS,EL(5) ,4(5)
READ (LUQUT,126) ,8IAS,EL(6) & (6)
KEAD (LUOUT,11)) ,ASTART,JF, TF, &F¢
KEAD (LUOUT,111) ,KSTOP, Ji,TL,dL
T=(MIJD-40587) 8640 0.0D0¢LS=C
KREAD (LUOUT, 120)
KEAD (LUOUT,107)
KEAD (LJOUT,108)
DO 10 J=1,7
10 READ (LUOUT,129), (WN (7*K¢d=7) ,&=1,7)
READ (LUOUT,100)
READ (LUOUT,112), (LF(K),&=1,0), (L& (K) ,K=1,7)
DO 30 K=1,7
30 KOUNT (K) =L& (K)
RETUEN
END

SUBROUTLNE OUIGEN(X,T,IDEN, NOBS, K4S, BIAS,
* LUQUT, W4 ,KSTART, KSLOP,JF,JL, IF,TL,
* RF ,RL, LF, LR)
IMPLAICIT DOUBLE PRECISION (A-i,d-Z)
100 FORMAT (24 )

101 FORMAT (6d SAL =,7X,A5,2X,5HA =,¥12.2,2X,54X =,F12.2)
102 PORMAT (64 MJV =, I12,2x,54c =,P12.8,2X,5HY =,F12.2)
103 FOKMAT (bH [SEC=,F12.3,24,5H1 =,F12.4,2X,5H2 =,F12.2)
104 FORMAT (bH NOBSS=, 112,24,5uNoDE=,P12.4,2X,5HXKD =,F12.7)

105 FORMAT (6H KMS =,P12.3,2X,5decki=, ¥12.4,2X,5HYD =,F12.7)
106 FOKMAT (bl BIAS=,P12.3,2X,5HMcAN=, F12.4,2X,542ZD =,F12.7)
107 FORMAT (18H COVARILANCE MATKL1x)
108 FORMAI (BX,1HN,2X, 2X,8HE COS5 (W), 24, 8HE SIN (W),

* 7X,1dl,6X, 4HNODE, 74,308¢W, 0%, 4HBIAS)
109 FORMAT (1X,7 (1PE1)0.3))
110 FUKMAT (6H FIRST,I4,L8,2X,54T56c=,P1243,2X,5HRNG =, F12.2)
111 FORMAT (6H LAST ,I4,I8,2X,5HT58C=,F12.3,2X,5HRNG =, F12.2)
112 FORMAT (17H PERTUXKBATIONS = ,u0ll,2X,

72




&«

24H NON-FLXED PAUAMLILHS

113 FORMAT (4H END)

10

100
101
102
103
104
105

*

COMMON

/PSTu¥/TSTEP

= ,717)

DIMENSLION X(7) ,EL(7) ,WM(49) ,LF (3),Lu(7)

KEwIND
CALL S
MJD=ID
TSEC=D
WRLTE

WRITE

WRITE

WRITE

WRITE

WRLTE

WRITE

WxITE

W RITE

WRITE

WRITL

WixlTE

Do 10

WHLITE

WRIIE

WoITe

wialTL

END Fl1
KETURN
END

SUBROU
IMPLIC
FORMAT
FORMAL
FORMAT
FORMAT
FORMAT
FORMAT

100 FORMAT

COMMON
DIMENS
CALL 5
MJD=10D
T'SEC=D
5C=DMO
Mu=TSE
MH=DMO
AuT=MH
MHO=M0
MMT=MM
HHuo=M0

LUOUT

TATEL (X, EL)

INT (T/86400.0DU) +405087
“ID(T,86400.0D0)

(LUOUT, 100)
(LUOUT,101) , LDEN ,Ei (1), X (1)
(LUOUT,102), MJID,Ewu(2),X (<)
(LUOUT ,103), TSEC, &L (3) » X (3)
(LUOUT,124), NOBS, EL (4) , X (4)
(LUOUT,105), KMS,EL(5),X(5)
(LUOUT,10b), BIAS,EL (0) , % (0)
(LUOUT,110) , KSTART, JF,TF,&F
(LUOUT,111) ,KSTOP, JL,TL,kL
(LUOUT,100)

(LUOUT,107)

(LUOUT,103)
J=1,17
(LUDUT,129), (WM (T*K+J=T7) ,K=
(LUOUT,100)

(LUOUT,112), (LP(K),&=1,0), (
(LUOUT,113)

L LUOUT

TINE DAPER (X,I,LUOUI)

1T DOUBLE PRECISION (A-i,J)-
(1d )
(74 A =, P14 4,3X,44 X =
(74 E =, P14.8,34,4d ¥ =
(78 I =, F14.04,3%, 44 4 =

(74 NODE =, Fl4.4,3K,4HXD
(7H PEsI =,FPl4.4,3X,4HYD =
THH/M/S =,2X,211,14/,4211,
(7H MEAN =, F14.4,3X%,404D =

JTSTEP/ISTEP/NCAL/NCAL

LON Xx(7) ,ELD (7),R(7)

TATEL (X,ELD)

INT(T/86400.0D0) +405067

MOD(T,36400.0D0)

D(TSEC,b60.000)

C/3600

D(TSEC/6J,60.0D0)

/10

D(MH,10)

/10

D(na,10)

1,7)

L (K) ,K=1,T)

4)
JE14.5,3X,6HKLAT =, P14.4)
,E14.5,3X,6HKLON =, F14.4)

LE14.5,3X,6HFPCAL =,114)
JF14.8,3X,6HNID =,I14)

. F14.8,3X,

1d4/,P5.2)
LP14.8,3X,6HSTERP =,FP14.4)

CALL PLACE(T,X(1),X(2) ,X(3) XLT, XLN)
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WuITE
WRITE
wRITE
WRITE
WRITE
WwRITE
WRITE
RETURN
END

(LUGUT,100)
(LUOUT,121)
(LUOUT,102)
(LUOUT,123)
(LUOUT,104)
(LUOUT,1)5)
(LUOUT,106)

ELD(1),& (1) ¢ KLT
ELD(2) , X (2) o XLN
ELD(3), 4 (3) o NoAL
ELD(4),4 (%) ,MJ0D

ELD(5), K (>) MHT,MiiO, M4T ,MN0, Sz

ELD(6) ,L (v) ISTEP
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820
870
850
851
855
891
892
830
805
808
810
878
879
877
880
946
888
905
909
911

990
991
992
994

998

PROGRAM BATCH

IMPLICIT DOUBLE PRECISION (A-H,J-4)

FORMAT (/)

FORMAT (L 4)

FORMAT (A1)

FPORBMAT (A 10)

FORMAT (A2)

PORMAT (3A5)

FORMAT (4A5)

FORMAT (711)

FOKMAT (L4,L7,2FP11.3,F9.2)

FORMAT (/,16H UPDALE EPOCH BY,F10.4,5H DAYS)

FORMAT (/,35H INLTLAL STATE VECTIR AND EPOCH ARE)
FORMAT (/,39H [OFAL NUMBEx OF OBSERVATIONS ALLOWED =, I4)
FORMAT (/,20H LAST OBSERVATLO4 I3,I4)

FORMAT (/,24H NO OBSERVATLONS IM PLLE)

FORMAT (/,24H INPUT EBRROR DUBRLNG RGAD)

FORMAT (/,25H FADING MEMOKY SOLUTIJON ?)

FOKMAT (/,22H LLST THE STATE VEZCIJ&,2H “,A10,3H" )
FORMAT (/,27H MON-FIXED PARAMEIE&S AKE =,2X,7I1)
FORMAT( 2X,15,4X,I12,I4,43,13,FP7.3,#14.3,P10.3,3X,F6.2)
FORMAT (/,4X, 34T AG, UX,2HY«, 1X, 3HDAY, 3H HR,3H AN,

. 7H SECOND,5X, SHXKANGE (KM) , 4K, THO-C (KM) ,4X, 4HRB (K) )
FORMAT (/,34H ENTER STARTLING OBSEKVATION NUMBER)
FORMAT (/,34H ENTER STOPPLNG OwSEKRVATION NUMBER)
FPORMAT (/,36H ENTER NAME OF ASCII PLLE CONTALNING,

* /e254 THE RANGE MAGWLLUDE DATA)

FORMAT (/,36H ENTER NAME OFf ASCllL PILE CONTAININS,

* /,23H THE INPUT SLATE VECIDQ)

PORMAT (/,36H ENTER NAME OF ASCII PILE CONTAINING,

. /,36H THE JPDATED JUTPUT STATE REFERENCED,

# /o30H NEAR THE END JF THe OATA SPAN)

DIMENSION XM (49) ,XMI (49),P(49) ,&L1(49),WH(49) ,LR(7)
DIMENSION WB(49) ,dC(49),PHL (49),PHT (49)

DIMENSION ELD(7) ,ELR (7),ELN (7) ,%x(7) ,DE(7),DX (7)
DIMENSION H(1400),HT(1400),dA (49),LF (6)
COMMON/TM/TIME (200) /Y/Y (200G) /YME/YMF (200) /XK/XK(1400)
COMMON/INIT/INIT/XYZ/XE,YE, 4E/MAKDIN/MAXDIN
COMMON/LOC/XLAT, XLON ,ALT, LSTA1/SHADO/KKEBYY
COMMON/BIAS/BLAS/NRDATA/UEDATA/R/R (200) /RS/RS (2)0)

TYPE 992

ACCEPT 851,XNAME

OPEN (UNIT=21,ACCESS='SEyJIN' ,FILE=XNAME)
TYPE 994

ACCEPT 851,YNAME

IF (YNAME.EQ.XNAME) GO ToO 1

OPEN (UNIT=22,ACCESS=*SEyLN' ,FLLE=YNAME)
TYPE 998

ACCEPT B51,ZNAME
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10

12
20

IF (ZNAME.EQ.XNAME) GO Tu Z
IF (ZNAME.Eu.YNAME) GO TO 2
OPEN (UNIT=23,ACCESS=*SEQOUT®,FLLE=ZNANE)

ENTER STATION COORDINATES
LSTA1=SHBLMPT
XLAT=+308.431414D0
XLON=282.913583D0
ALT=-0.0247D0

#AXDIN=200
MAXO0BS=200
KKEEYY=0
LBDATA=21
LUDCIiN=22
LuUoLD=23
NPRINT=1
£MS5=0.0D0
KITER=0
NC=7

ACCEPT LSTART AND LSTOP
TYPE 990

ACCEPT 670,LSTART

TYPE 991

ACCEPT 870,LSTOP

IP (LSTOP.LT.LSTART) GO U 4

REZAD LN BANGE MAGNITUDE DATA
KEWIND LBDATA

KEWIND LUDCIN

REWIND LUOLD

ND=0

MCOUNT=0

THIN=¢1.0D+20

TMAX==1. 0D+20

READ (LERDATA,305,END=20,:RK=>00) ,KNUM,MID,TSEC,DIST
IF (MJD.E@.0) GO TO 10
ACOUNT=MCOUNT# 1

LF (MCOUNT.LT.LSTART) GO D 10

LF (MCOUNT.GT.L3T2P) GO Tu 20
ND=ND+ 1

Y (ND) =DIST

K (ND)=1.0D0

TIME(ND) = (MJD-40587) *86400.00J¢TSLC
IP (TLMZ (ND).sT.T4AK) TMAL=TLAZ(ND)
LF (TIME (ND) «LL.TMIN) TMIN=TLME(ND)
1¥ (ND.GE.MAXJBS) GO TO 12

GO TO 10

TYPE 878 ,4AX0BS

NEDATA=ND

IF (ND.LZ.0) TYPE 877

1P (ND.LE.O) GJ TD 4
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Mt

22

30

24

26

LSTOPP=LSTART#¢ ND-1

IF (LSTIPP.NE.L3TIDP) TYPu 8794,LSTIPP
LSTOP=LSTOPP

KSTAKT=1

KSTOP=L5TOP-L>IAIT +1

CALL OBDER(Y,TLME, ND,WMAK)

ENTER "PADING MEMOoY SOLUTLON"™

TYPE 4o

ACCEPT 850,LFM

1F (LFM.NE.1HN.AND.LFM.Ng&.1dY) 50 10 7

READ IN FROM DISK FILE INIILAL 5UcSS5 POR ELEMENTS
CALL LINOD(X,ERDCd, ISAT,NUd5,k45, BLAS,LUDCIN,WM,LF, LK)
CALL FORCE(LP(1) JLP(2) JLF(3),LF(4),LF(5),LF(6))
CALL «EDUCE(LR(1),LR(2),La3(3),L&(4),

Lx(5), LR(6),La (7),Nc,NU)
DDTT=STPSZE (X,0.05D0)

COMPUTEL INITIAL WPHI,WQ,XdI,¢,PL
DO 30 K=1,7

DO 30 J=1,7

K1=J+7% (K-1)

P (K1) =0.0DO

PI(K1)=0.0D0

XMI (K1)=0.0D0

XM (K1) =0.0D0

DO 24 K=1,MAXIBS

Y MF (K) =0.0DO

PRINT INITIAL RESULTS

DTIN=TIHE (1) -EPOCH

LP (DTIM.GE.0.2D0.AND.DTIM.LE.14420.0D0) GO TD 26

CALL BTIIME (TIME(1),TB)

DTIM= (TB-EPOCH) /86 400.0DO

TYPE 808,DTIN

CALL FOUR (X,EPJCH,TB,-1,DDTT)

EPOCH=TB

TYPE 810

CALL OUTOD (X,EPOCH,ISAT,ND, KMS,BIAS, LUOLD,
WM, LSTART,LSTOP, NP2INT,LF,LR)

CALL STATEL (X,ELD)

CALL DEGHAD(ZLD, ELR)

CALL ELKELN (ELK, ELN)

BIAS=0.0D0

ELN (7) =BIAS

ENTER SPECIAL VARLANCES P28 LNCL AND NODE HERE
DO 33 K=1,NU

DO 33 J=1,NU

K1=Jd+NU* (K-1)

XM (K1) =0.0D0

IF (KeEQ.J) XM (K1) =1.0D+8
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33

40

30

81

84

87

IF (KeEQeJeAND.K<EQeHd)
IF (KeEdeJeAND.K<EQ.5)

COMPUTE OBSERVED MINUS

KITER=KLTER+1
TLAST=LtPOCH

CALL
CALL
CALL

ELNELR (ELN, ELR)
RADDEG (£LR, EL D)
ELSTAT (ZLD, X)

Du 80 K=1,KSTOP
TSTART=TLAST
TSTOP=TIME (K)

CALL

FOUR (X, TSTA&T ,TSTOP,-1,0DTT)

CALL PUSION(T3TDOP,XSA,YSA,L5A)
BG2= (X (1) —XSA) *%2+ (X (2) —{3A) #% 2+ (4 (3) ~ZSA) *¥2
YMP (K) =Y (K) -D3uRT (B52) -BIAS
TLAST=TSTOP

COMPUTE RESLDUALS,

RMS=0.0D0

ZND=0.0D0

DO 84 K=1,KSToPp

IF (LFM.Eyu.1H4N) GD TO 81
REVNUM=T IME (N0) -TIME (K)
REVNUM=BEVNUM/ (5.0D0%*86400.000)

LF (DABS (kEVNUY) .5T.0.0D0)
LF (DAB5 (REVNUY) «LEee.0.0D0)

IF (LFM.EJ.1dN) PFAC=1.0
RS (K) =k (K) *PPAC

ZND=ZND+ 1.0DO/RS (K)
KMS=RMS+ YMF (K) **2/KS (K)
RM3=DSUAT (RMS/ZND)
NX=ND/5¢ 1

LF (ND/5%5.Ey.ND) NX=ND/>

CALL

QUL (YMFP,NK,5)

Xd (K1) =2.0D-9
X4 (K1) =2.0D-9

CunlUleD BANGES

EDIT OUATA PULNIS, AND FADING MEMORY

PFAC= (4.0) **SNGL (REVNUYM)
PFAC=1.000

CALL EDIT(RMS,XNAME,NU,LSLAKL,&K5L0P,ND,1,LLE,KIT EK)
aMsS=0.000
ZND=0.0D0
JCOUNT=D

LO 27 &K=1,KSTOP

1F (kS (K)«LT.1.0D8) JCOUWL=J_UUNT#1

LUD=ZNL* 1.0DO/RS (K)
KMS=RHU S+ YMF (K) **2/RS (K)
RMS=DSURT (RAS/LND)

COMPUTE SENSIIIVILCY MATRIX H AND LTS TRANSPOSE HT

CALL
CALL
CALL
CALL
CALL
CALL
CALL

D IV (ELN,TIME, EPOCH, ti,N0,NC)
THNPSE (H, HT ,ND, NU)
IVERSE (XM, XMI,NU)
DiVK(HT,&5,HTI ,NU, ND)
MULT(HT,H,WA, NU,ND,NU)

ADD (XMI,dA,PI,NU, NU)

IVERSE (PL,P,NU)
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42

202

500

30
81

B T gl

CALL AULT (P,HI,XK, NU,NU,ND)
CALL MULT(XK,{MF,DX,NU,ND,1)
CALL ERASEL (DX,DE,NC)

CALL ADD (ELN,DZ,ELN,NC,1)
CALL ELNELR (ELN, ELR)

CALL KADDEG (ELR, EL D)

CALL ELSTAT (BLD, X)
BIAS=ELN (7)

OUTPUT STATE VECTOR WITH OLD woedCH

TYPE 888 ,ZNANL

NPaINT=1

CALL LIiIBIG(P,sl4)

CALL OUTOD(X,EPJOCH,LSAT,JCOUST ,845, BIAS,LUOLD,
wM,LSTART,LSTUP,NPxINT, isF,LR)

IF (RMS.LE.1.3DJ.AND.KITEKk.GE.Z) 0O TO 42

IF (KITER.LT.5) GJ TO 40

UPDATE X AND XM TD NEW EpPJUCH ONu MINUTE PAST HOJR
CALL aTTIWE(TLIME (KSTOP) ,TNzXT)

CALL FPOUR (X,EPOCH,TNEXT,-1,DDTT)

EPOCH=TNEXT

PKINT RESULTS

TYPE 888 ,2NANME

NPRINT=1

CALL I'cAFER (P,KH,NU, NU)

CALL LITBIG(X4,dHM)

CALL OUTOD(X,EPOCH,ISAT,JcOUNT,0uHuS, BIAS,LUOLD,
WM,LSTART,L3TuP, NPaINT,uF ,LR)

TYPE 820

TYPE 911

TYPE 820

DO 202 £=1,KSTOP

CALL YDHMS (TIME (K) ,KY,MDAY, Mid, 44, SEC)
LS=LSTART-1+¢K

TYPE 909,L5,KY,MDAY, Mi,HM,SEC, Y(K) ,YNF (K) ,RS (K)
TYPE 620

TYPE 820

CLOSE (UNLT=21)
CLOSE (UNLIT=22)
CLOSE (UNIT=23)
STOP

TYPE 880

STOP

END

SUBROUTLNE EDIT (RM5,XNAME,NU, LSTART,KSTOP,MAXDAT ,KEY,LLE, KITER)
IMPLICAT DOUBLE PRECISION (A-i,d-4)

FORMAT (A10)

FORMAT (A1)
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82
83
84
90
91
98
99

4o

50

00

FORMAT (3A5)

FORMAT (F10.2)

FORMAT (1H )

FORMAT (I4,I7,2F11.3,F9.3)

FORMAT (2X,15,4X,I12,14,13,13,F7.3,F16.3,F12.3,F10.1)
FORMAT (/,6H RMS =,F10.3)

FORMAT (/,34H TdE FOLLOWLWs JuS WLLL BE DELETED, /)
COMMON/YME/YMF (1) /Y/Y (1) /LM/L ik (1) /R/R (V) /RS/RS5 (1)
LOGICAL NPRINT,UNDER,EARLY

NPRINT=. TRUE.
EABLY=.TRUE.
KF=KSTOP

IF (KITER.Eg.1) THRESH=50.000

IF (KITE&.EQ.2) THBESH=25.000

IF (KITER.Eu.3) THRESH=14.3D0

IF (KITER.EQ.4%) THRESH= 9.00LJ

IF (KITER.EY.>) THRESH= 6.0DJ

IF (KITER.GE.6) THRESH= 5.00D0

TYPE Y9

K=0

IF (K.GE.KF) 30 T2 60

UNDER=.FALSE.

K=K+1

XHRESH=I BRESH*SORT (SNGL (&5 (&) ) /SNGL (RS (MAKDAT) )}
IF (DABS (YMF (K) ) «iE. XHRESd) UNDE&=. IRUE.
MJD=4058 T+TIME (K) /86400.000

LF (MJD.EQ.40587) GO TO 50

CALL YDHMS (TIME(K) ,KR, MDAY, i, M8, 5EC)
LW=LSTART+K~1

IF (.NOT.UNDER) TYPE 91,LA,KKk, MDAY,MH,MM,SEC,Y (), YMF(K), XHRESH
IF (UwDER) GO TO 50

RS (K)=2.008

GO TO 50

RETURN
END
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820
370
859
851
855
891
892
830
216
805
8038
810
840
860
8717
878
912
913
914
915
379
849
885
B8Y
900
905
946
906
907
908
409
910
IN

920
939
940
970
9890
990
391
992

994

996

PROGKAM DIFFCK
IMPLICIT DOUBLE PRECISIOJN (A-H,0-2)

FORMAT (/)
FORMAT (L4)
FORMAT (A1)
FORMAT (A10)
FORMAT (A2)
FORMAT (3A5)
FORMAT (4A5)
FORMAT (711)
FORMAT (D20.8)

FOKMAT (14,17,

FORMAT (/, 16H
FORMAT (/, 35
FOKMAT (/, 26H
FORMAT (/, 424
FOKMAT (/, 24H
FORMAT (/, 394
FORMAT (/,38H
FOKMAT (/, 24H
FORMAT ( 50H
FORMAT (/, 314
FORMAT (/, 36H
FOHRMAT (/, 244
FORMAT (/,28H
FORMAT (/, ¢2H
FORMAT (/,31H
FOKMAT (/,27H
FORMAT (/,25H
FORMAT (  14H
FORMAT (7,274
FORMAT (/, 34l

F11.3,F9.2)

JPDATE EPOCH 8Y,¥10.4,5H DAYS)

INLTIAL STALE VslTOk AND EPDCH ARE)

ACCEPT MORE DATA PJIINES ?)

ENTEK NUM OF UsSEKVATLONS TO BE PKOCESSED)
N0 OBSERVATLONS LN ¢ILE)

TOTAL NUMBER OF OBSLEVATIONS ALLOWED =, I4)
CONSTHALN INCLLINATLON AND NODE ONLY ?)
ENTER VARIANCZ FUR NODL)

5U3GEST:1.00-6 LOOSE,1.0D-8 AVERAGE,1.0D-1) TI3HT)
ENTER VARLANCE #OK LNCLINATION)

LAST OBSERVAIION IN FILE IS NUMBER ,IU4)
INPUT ERROR VDURING RcAD)

LIST INDLVIDUAL RESLDUALS ?)

LIST THE STALE ViZCILOR,2H ",A10,3H" ?)
XRETURN FOR ANOTHEK ITERATION 2?)

NION-PIKED PAKANLTENS AKE =,2X,7I1)

FADING MEMOJY SOLULLIN ?)

ANY CHANGES ?)

GNTER NEW PARAMELIE&LS - 7L1)

LIST OBSERVATLUNS ANU KESIDUALS ?,/)

PORMAT ( 2X,15,4X,I2,14,i3,13,F1.3,¥16.3,F12.3,3X,F6.2)

FORMAT (/,45H

UPDATE EPOCUH IO IAME NEAR LAST OBSERVATION ?)

FORMAT (/,4X,3HTAG, UX ,2HYR,1X, 3HDAY,3H HR,3H MN,
7H SECOND,7X, YHRANGE (K¥) 46X, THO-C (KM) ,4X, UHR (K) )

FORMAT (/,33H
FORMAT (/,374
FORMAT (/,33d
PORMAT (/,27H
FORMAT (/,30H
FURMAT (/ ,34H
FORMAT (/ ,34H
FORMAT (/,306H

/250
FORMAT (/,36H

/,23H
FURUKAT (/,36H

/ ,3bH

/ ,324

i

COMPUTE TRACK CuV MATRIX AGAIN ?)
ANALYTICAL Ou WUAERICAL O0-C RANGES ?)
ANALYTICAL Oit NUAERLCAL UPDATE ?)
WEIGHT A-PRLOxl ESIIMATE ?)

RETURN TD STA«TiNG PIOSITION ?)

ENTER STARTLNG VUSLxVATION NUMBER)
ENTER STOPPING OUSLKVATION NUMBER)
LNTER NAME OF ASCIL FLLE CONTAILNING,
I'HZ RANGE MAGNITUDL . DATA)

ENTER NAME oF ASCIL FLLE CONTAININS,
'dE INPUT SIAIE VECTIJw)

UNTER NAME OF ASCILI1 FILE CONTALNINS,
THE UPDATED JUTPJUT SIATE REPERENCED,
NEAR THE STAKRT JOF I'dE DATA SPAN)
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C.

998 FORMAT (/,36H ENTER NAME JU¢¥ AScIl FILE CONTAININS,

* /,36H THE UPDATED JUTIPUT STATE REFERENCED,

* /,30H NEAR THE ENu JF THc OALA SPAN)

DIMENSION XM (49) ,XMI (49),P (49) ,rL (4Y),Wn(49) ,LR(7)
DIMENSION Wb (49) ,WC(49) ,WPul (49),PdL (49),PHT (49)
DIMENSION ELD(7) ,ELR (7),2iLi (7) ,X(7) ,DE(7),DX(7)
DIMENSION H(1402), HT (1400) , wA (43) , LF (6)
COMMON/TM/TIME (209) /YX/Y (23J) /L 6F /7L 4F (200) /XK/XK(1400)
COMMON/LNIT/INIT/XYZ/XE,¥se,2E/EAXDIM/MAXDIN
COMMON/LOC/XLAT, XLON ,ALT, L3TA1/SHADU/KKEEYY
COMMON/BIAS/BIAS/NRDATA/NRDALA/K/R (200) /RS/RS (2)0)
LOGICAL BEDIT,YEDIT

DATA KAA/"202517170312/

DATA KBB/"202624007744/ /
DATA KCC/"202344020100/

DATA KDD/"202)24067744/

DATA KEE/"2023406420336/

DATA KFF/"711211634500/

TYPE 992

ACCEPT 851,XNAME

OPEN (UNIT=21,ACCESS='3EviIN' ,FLLE=XNAME)
TYPE 994

ACCEPT 851,YNAME

iF (YNAME.Eyu.XNAME) GO Tu 1

UPEN (UNIT=22,ACCES5="SEuIN' ,FILiL=YNAME)
TYPE 995 .

ACCEPT 851,ZNAME

IF (ZNAME.EQ.XNAME) GO TO 2

IF (ZNAME.EQ.YNAME) GO Tu 2

OPEN (UNIT=23,ACCESS='SEYJUT',Filu=2ZNANE)
TYPE 998

ACCEPT B51,WNAME

IF (WNAME.EQ.XNAME) GO TO 3

IF (WNAME.EQ.YNAME) GO Tu 3

LP (WNAME.EU.4ZNAME) GO To 3

OPEN (UNIT=24,ACCESS=*SsyJdUT',FiLE=WNAME)

ENTER STATION COORDINATES
LSTA1=5HBLMPT
KLAT=+38.431414D0
KLON=282.913583D0
ALT=-=0.0247D0

LKDATA=4£1
LUDCIN=22
LUOLD=43
LUNEW=24
BEDIT=oFALSE.
YEDIT=.FALSE.
REWIND LRDATA
dEWIMD LUDCIN
dEWIND LUOLD
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n

21

(9]

22

30

24

27
28

29

fEdIND LUNEd
MAXDIN=200
MAX0B5=200
MCOUNT=0
KXEEYY=0
NPRINT=1
RMS=0.0D0
F0=1.5D0
NC=7

READ IN FROM DISK FILE INITIAL SUESS POR ELEMENTS

CALL INOD (X, EPOCH, ISAT,NOS5,BMS, bLAS,LUDCIN,WM,LF, LR)

CALL FORCE (LF(1),LF(2) ,LF(3),LF(4),LF(5),LF(6))

TYPE 905, (L& (K) ,K=1,7)

TYPE 906

GO TO 9

TYPE 891,KAA,KBB,KCC

ACCEPT 850,LNY

IF (LNY. EQ. 1HN)

IP (LNY.NE. 1HY)

TYPE 907

ACCEPT 830, (L& (K),K=1,7)

TYPE 905, (LR(K),K=1,7)

CALL REDUCE (LR (1), LR (2),Ld(3),Lk(4),
LE(5),LR(6),L8{7),NC,NU)

DDTT=STPSZE (X, 0. 05D0)

G) TO 21
GO TO 23

COMPUTE INITIAL WPHI,WQ,X#i,P,Pl
DO 30 K=1,7

DO 30 J=1,7

K1=J+7% (K-1)

P(K1) =0.0D0
PI(K1)=0.0D0

XMI (K1)=0.0D0
WPHI(K1) =0.0D)

IF (K.NE.J) GO TO 30
WPHI (K1) =1.0D0
CONTINUE

DO 24 K=1,MAXDIM

YMF (K) =0.0DO

CALL BIGLIT (dM,XHM)

ZERO OUT COVARIANCE ?
TYPE 970

GO To 28

TYPE 891 ,KAA,KBB,KCC
ACCEPT 850,KNY

IF (KNY.E¢.1HY) GO TO 32

IF (KNY.EQ.1HN) GO TO 29

GO To 27

DO 31 K=1,NU

DO 31 J=1,NU

K1=J+NU* (K=1) |
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31

32

33

100

110

10

12

20
41

XM (K1) =0.0D0
LF (K.Eg.J) XH(K1)=1.0D+s
GO TO 100

ENTER SPECIAL VARIANCES FOR LsCl AND NODE HERE
TYPE 912

ACCEPT 850,KNY

IF (KNY.EQ.1HN) GO TO 100

IF (KNY.NE.1HY) GO TO 32

TYPE 913

TYPE 914

ACCEPT 916,XMINCL

TYPE 915

ACCEPT 916,XMNODE

DO 33 K=1,NU

DO 33 J=1,NU

K1=J+NU* (K-1)

XM (K1) =0.0D0

IF (K.Bu.J) XM(K1)=1.0D+5

1F (KeEu.J.AND.K.EQ.4) XM (K1)=X4INCL
IF (KeEQ.J.AND.K.EQ.5) Xd (K1) =XMNODE
GO TO 100

ACCEPT LSTAKI, LSTOP AND REZAD RANGE DATA
I¥ (YEDIT) GO TO 200

TYPE 990

ACCEPT 870,LSTART

TYPE 991

ACCEPT 870,LSTOP

IF (LSTOP.LT.LSTART) GO 0 100

ND=0

TYPE 946

ACCEPT 650,LFH

IF (LFM.NE.1HN.AND.LFM.NZ.1dY) 50 TO 7
IF {(LSTART.EQ.1) BEDIT=.TRUkL.

IF (LSTART.NE.1) BEDIT=.FALSt.

READ (LRDATA,305,ENC=20,58K=500) ,&NUM,MJID,TSEC,DIST
IF (MJD.EQ.0) GO TO 10

MCOUNT=MCOUNT# 1

IF (MCOUNT.LT.LSTAKT) GO TO 1)

ND=ND+1

Y (ND)=DLST

R (ND)=1.0D0

TIME(ND) = (MID-4J587) #86400. 000 +LSEC

IF (ND.GE.MAXJBS) GO TO 12

LF (MCOUNT.GE.LST2P) GO IO 41

GO To 10

TYPE 678,MAX0BS

GO TO 41

YEDIT=.TRUE.

NEDATA=ND

IF (ND.LE.O) TYPE 877

IF (ND.LE.O) GO TJ 200
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LSTOPP=LSTART¢ND-1

IF (LSTOPP.NE.L3TJP) TYPE 679,L3TIPP
LSTOP=LSTOPP

KSTART=1

KSTOP=LSTOP-LSTART +1

CALL URVER(Y,TIME, ND,WHMAX)

C UPDATE STATE IO FIRST OBowsaVAILLON
DTIM=TIME(KSTART)-EPOCH
IF (DTIM.GE.0.0DQO.AND.DTIN.iz.14400.0D0) GO TO 26
CALL STTIME(TIME (KSTART),IB)
DTIM=(TB-EPOCH) /86400.0D0
TYPE 808 ,DTIN
CALL POUR (X,EPOCd,TB,-1,uDIT)
WPHI(6) =TB-EPJCH
EPOCH=TB
CALL BIGLIT (WPHI,PHI)
CALL TRNPSE (PHI,PHdT, NU,NU)
CALL MULT (XM,PHT ,d A, NU,NU, NU)
CALL MULT (PHI,wA,dB,NU,NU, NU)
NU2=NU**2
P1=FO*DABS (WPHI (6) /B6400.000) +1.0D0
DO 25 K=1,NU2
25 XM (K)=F1*WB (K)
26 TYPE 310
CALL LITBIG (X41,WNM)
CALL OUTOD(X,EPIOCH,ISAT,ND, 845,061AS, LUOLD,
x WM, LSTART,LSTUP, NeaINT,LF,LR)
CALL STATEL (X,ELD)
CALL DEGRAD(ELD, ELR)
CALL ELRELN (EL&, ELN)
BIAS=0.0D0
ELN (7) =BIAS
GO TO 40
c COMPUTE OBSERVED MINUS COMPUIED RANGES
40 TLAST=EPOCH
CALL ELNELR (ELN, ELR)
CALL RADDEG(ELR,ELD)
CALL ELSTAT (ELD,X)
DO 80 K=KSTARIL,KSTOP
TSTARI=TLAST
TSTOP=TIMNEL (K)
CALL FOUR(X,TSTARI,TSTOP,-1,0D1II)
CALL POSION (TSTJP,XSA,YSA,45A)
R62=(X (1) =XSA) *%2¢ (X (2)-USA) **2¢ (X (3) -ZSA) **2
Y MF (K) =Y (K) =DSQKT (RG2) -=BIAS
80 TLAST=TSTOP
C COMPUTE RESLDJALS AND EDLT ODATA POINTS
83 RMS=0.0D0
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81
34

63
64

97

718

87

50

60

ZND=0.000

DU 84 K=KSTARI,K3TOP

BS(K) =& (K)

IF (LFM.Eu.1HN) GO TO 81

KREVNUM=T IME(K3T0P) —-TIHE (K)
AZVNUA=BEVNUM/ (5.0D0*86400.000)

1F (DABS (REVNUM) .GT.0.0D)) PFAC=(4.0)**SNGL (REVNUM)
IF (DABS (REVNJM) .LE.0.0D0) PFAC=1.0DO
RS (K) =k (K) *PPAC

LED=ZND+1.0DO/RS (K)
RMS=KMS+ YMF (K) #*2/RS (K)
KMS=DS BT (KMS/ZND)

IP (ND.LE.25) 53 TO 97

TYPE 885

GO TO 64

TYPE 891,KAA,KBB,KCC

ACCEPT 850,LNY

LP (LNY.Eg.1HN) GD TO 78

IF (LNY.NE.1HY) GO TO 63

NX=ND/5¢+1

IF (ND/5%5.EQ.ND) NX=ND/5

CALL OUT (YMF,NX,5)

CALL EDIT (RMS,XNAM 2, NU,L5FA&l,KSTJP,1,LLE)
uMS=0.0D0

ZND=0.0D0

JCOUNT=0

DO 87 K=KSTAKT,KSTOP

IFP (KS(K).LT.1.0D8) JCOUNL=JCOUNT+1
4ND=2ND+1.0D0/&5 (K)
EMS=RHS* YAF (K) **2/KS (K)

RMS=DSUKT (RMS/ZND)

COMPUTE STATE UPDATE FOR ZLN
CALL DERIV (ELN,TIME, EPOCd,i,ND,NC)
CALL TENPSE(H,HT,ND,NU)

LP (ND.LE.NU) 52 TO 50

CALL IVEKSE (XM,XMI,NU)

CALL DIVR(HT,RS,HT,NU,ND)
CALL MULT(dT,d4,WA, NU,ND,sU)
CALL ADD (XMI,dA,PI,NU,NU)
CALL IVERSE (PI,P,NU)

GO To 70

CALL MULT (H,X4,WA, ND,NU, §J)
CALL AULT (%m,4T,WB,NU, NU,Nu)
CALL MULT(H,#o,wC, ND,NU, §D)
VO 60 K=1,ND

DO 60 J=1,ND

K 1=J+ND* (K~1)

IF (K.Eued) WC (K1) =HC(K1)+&S(K)
CALL IVESE(#C,wC, ¥D)

CALL MULT (WC,WA,WB,ND,ND,NU)
CALL MULT (HT,wB, WA ,NU,ND,NU)
CALL MULT (XM,dA,WB,NU, NU,8U)
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70

65
66

88
67

86

91
69

*

CALL SUB (KM, Wu,P,NU, NU)
CALL TKNPSE (i, HI ,ND, NU)

CALL MULT(P,HT, XK, NU,NU,ND)
CALL DIVH(XK,&S, XK,NU,ND)

CALL MULLD (XK,YMF,DX,NU,

CALL EKASE (DX,DE,NC)

CALL ADD (ELN,DE,ELN,NC,

CALL ELNELR (ELN, ELR)
CALL RADDEG (ELR, ELD)
CALL ELSTAT(ELD,X)
BLAS=ELN (7)

Nv, 1)

1)

QUTPUT STATE VECTIOR WITH OLD 4ZPJICH

TYPE 888 ,ZNAME

GO TO b6

TYPE BY1,KAA,KBB,KCC
ACCEPT 850,LNY

IF (LNY.Eye1hHN) NPRLINT=
IF (LNY.Eue 1HY) NPRINT=

0
1

IF (LNY.NE.VHY.AND.LNY.Nc.1HN) 50 TJO 65

CALL LIrBIG (P,Wl)

CALL OUTOD (X,uPOCH,LSAT,J UUNT , kM5, BIAS,LUOLD,
WM, LSTART ,LSTUP,NPHINT,LF,LR)

RETURN FOR ANOTHER ITERATILION

TYPE 900

GO TO 67

TYPE 8Y1,KAA,KBB,KCC
ACCEPT 850,LNY

IF (LNY.EQ.1HdN) GO TO 86
IF (LNY.EQ.1HL) GO TO 40

GO0 TO 48

UPDATE X AND KM TO NEW
TYPE 910

GO TO 69

TYPE B91,KAA,KBB,KCC
ACCEPT 850,LNY

E2uCH ONE MINUTE PAST HOIJR

IF (LNYe.Eye.1HN) CALL TRAFLE (P,X4,NU,NU)
IF (LNY.EQ.T1HN) GO TO 180
IF (LNY.NE.1H{) GI TO 91

CALL RTITIME (TIME (KSTOP)

LTNEXT)

CALL FOUR (X,EPOCH,TNEXT,-1,DuTI)

WPHI(6)=TNEXT-EPOCH
EPOCH=TNEXT

CALL BIGLIT (WPHI,PHI)
CALL THNPSE (PHIL,PHT,NU,

NJ)

CALL MULT(P,P4T,WA ,NU,NU,NU)

CALL MULT (PHI,dA,d B,NU,
NUZ2=NU**2

NU, U)

F1=FO*DAUS (WPHL (6) /86400.000) +1.000

DO 92 K=1,NU2

92 XM (K)=F1%u3 (K)
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TYPE 868, WNAME
G0 TO 52
51 TYPE 891,KAA,KoB,KCC
52 ACCEPT 850,LNY
IF (LNY.EQ. 1HN) NPRINT=0
LP (LNY.Ey.1HY) NPRINT=1
LF (LNY.NE.V1HY.AND.LNY.Nc.luaN) 30 TJ 51
ZALL LITBIG(X1,WM)
CALL OQUTOD (X,EPOCH,LSAT,JCUUNT ,a¥S, BIAS,LUNEW,
* WM, LSTART,LSTuP, NPGINT, LF,LR)
CALL STATEL (X, ELD)
CALL DEGRAD (ELD, ELR)
CALL ELBELN (ELR,ELN)

180 LF (YEDLIT) GU TO 200 |
TYPE 840 i
ACCEPT 850,LNY
LF (LNY.Eg. 1HN) G) TO 200
IF (LNY.NE.1HY) G) TO 180
[{PE 860 ,
ACCEPT 870,ND 1
IF (ND.LE.O) 30 TO 200
LSTART=LSTOP+1
LSTOP=LSTAKT+ND-1
MCOUNT=LSTART-1
GO TO 110

g PRLNI LLSTING OF PINAL RuEoULLS

200 TYPE 908
ACCEPT 850,LNY
LP (LNY.Eg.1dN) GO TO 203
IFP (LNY.Nc.1HY) GO TO 29)
TIPE 620
TYPE 911
TYPE 82)
DO 202 K=KSTAKT,KSTOP
CALL YDHMS (TIME (K) ,KY, MDAY, Mid, Mti, SEC)
LS=LSTART=-14K

202 TYPE 909,LS,KY,MDAY, MH ML, SEC, Y (K) ,YMP (K) ,RS (K)
TYPE 820
TYPE 820

203 LF (SEDLT.AND.YEDLT) CALL EDLL (RMS,XNAME,NU,
* LSTA&T,L5TIP, 2, LLE)
CLOSE (UNLT=21)
CLUSE (UNLT=22)
CLOSE (UNLT=23)
CLOSE (UNLIT=24)
STOP
500 TYPE 480
STOP
END

A 5 P .
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30
81
82
83
84
90
91
98
97
99
101
102
103
106
107
104
105

20

21
22

10

SUBROUTLNZ EDLT (K4S, XNAMc,NU, LSTA&L,KSTOP,KEY, LLE)
IMPLICIT DOUBLE PRECISION (A-H,J-4&)

FORMAT (A10)

FORMAT (A1)

FORMAT (3A5)

FORMAT (P10.2)

FORMAT (14 )

FOSMAT (I4,17,2¢11.3,F9.3)

FOKMAT (24,15,4X,12,I4,13,13,¢7.3,F16.3,F12.3,3%,F6.2)
FORMAT (/,6H HM5 =,P10.3)

FORMAT (/,26H ALL OBS WIld A «ESIDUAL >,F7.3,6H TAGED,/)
POKMAT (/,341 THE POLLOWINS J8S wILL BE DELETED, /)
FORMAT (/,374 ENTER NAME JF LDILED KANGE DATA FILZ)
FOBRUAT (/,33H ENTZR DELETLON PHRESHOLD - F10.3)
FORMAT (/,30H AUTOMATIC 0d MANUAL EDITING ?)

FOXMAT (/,21H EDIT RANGEZ JAalhA FILE, 2K, 14",A10,14")
FORMAT (/,174 EDIT 0-C AKRAY 2)

FORMAT ( 12H TYPE A OR #)

FURMAT ( 9H UELETE ?)
COMMON/YHME/YMF (1) /Y/Y (1) /T64/TL8E (1) /BS/RS (1)
LOGICAL NPR&INT,UNDER,EARLY, LATE

DATA KAA/"202517170312/

DATA Kib/"202624067744

DATA KCC/"202344020100/

NPRINT=. TRUE.
EAKLY=.FALSE.

LATE =.FALSE.

KSTAKT=1

KS=1

KF=KSTOP

IF (KiY.EU.1) EAKLY=.TRUL.
1P (KEY.EU.2) LATE =.TKUc.
LF¥ (EAKLY) GO TD 29

IF (LATE) GO T2 20
BRETUKN

ITYPZ 106 ,XNAME

GO TO 22

IYPE 82,KAA,Kub,KCC

ACCEPT 81,LLE

I¥ (LLE.Eye 1HN) RETURN

IF (LLE.NEe.1HY) GI TO 21
rYPE 101

ACCEPT s0,UNAME

LF (XNAME.EQ.UNAME) GO Tu 10
OPEN (UNIT=11,DEVICE="DSK',AcCESS=*SEQOUT"',FILE=UNANE)
HEWIND 11

GO TO 28

TYPE 107

GO TO 206

TYPE 82, KAA,K8B,KCC
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26

28

40

50

55

57

51

ACCEPT 81,LLE
IF (LLE.EQ.1HN) KETURN
IF (LLE.NE.1H{) G TO 25

TYPE 103

TYPE 104

ACCEPT 81,LNX

IF (LNX.EQ.1HdA) GO TO 40
IF (LNX.Ey.1HH) GO TO 55
GO TO 30

TYPE 98, RMS

TYPE 102

ACCEPT 83,THRESH

TYPE 99

K=0

KN=0

IP (K.GE.KF) 32 T2 60

UNDEK=.FALSE.

K=K+1

IF (DABS (YMP (£)) «LE. THRE5H) UND&k=.TRUE.
MJD=40537+TINE (K) /8640 0.000

1F (MJD. EQ.40587) GO TO 50

CALL YDHMS (TIME (K) ,KY, MDAY, Md, M8, SEC)

IF (LATE.AND.UNDER) KN=KN+1

IF (LATE.AND.UNDER) WRITE (11,90) KN,MJID,TSEC,Y(K) ,YMF (K)
LT=LSTART+K-1

IF (.NOT.UNDE&) TYPE 91,LI,KY,MDAY,d4H,MM,SEC,Y (X),YMF(K),RS (K)
IF (LATE.OR.UNDEK) GO TO 50

RS (K)=2.0D8

GO TO 50

ITYPE 98, &HS

TYPE 102

ACCEPT 83,THRZSH

TYPE 97, THRESH

K=0

KN=0

LF (K<GE.KF) 32 T 60

UNDER=.PALSE.

K=K+1

LF (DABS (YMF(K)) .LE. THRE3Hd) UsDek=.TRUE.
MJID=40537+TLIME (K) /86400.000

IP (MJID.Zy.40587) GO TO 57

CALL YDdMS (TIME(K) ,KY,MDAY, Md, M4, SEC)
IF (UNDER) GO T2 56

LT=LSTART+K~-1

TYPE 91,LT,KY,MOAY ,MH, MM, 560, X (X) ,XHP (K),&S (K)
LF (NPRINT) T{PZ 105

G0 TO 52

TYPE 62,KAA,KB3, KSC

ACCEPT 81,LNX

NPRINT=. FALSE.
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IF (LNX.EQ.1HN) UNDER=.TRUE.

IF (LNX.NE.1dY.AND.LNX.Ng.1d})

56 IF (LATE.AND.UNDER) KN=Kn+1
IFP (LATE.ANL.UNDER) WRITE (11,90) KN,MJID,TSEC,Y(K) ,YMF (K)

IF (LATE.OR.USDER)
25 (K)=2.0D8
GO TO 57

GO T3 57

30 TO 51

60 IF (LATE) CLOSE (UNIT=11,0EVICE='DSK")

RETURN
70 STOP
END
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106

100
101
102
103
104
108
106
109
110

ADDITIONAL SUBROUTINES

SUBROUTINE PAPER (X,T)
IMPLICIT DOUBLE

FORMAT
FORMAT
FORMAT
FORMAT
FOKMAT
FORMAT

FOKRMAT

RETURN
END

(18 )
(TH A
(74 E
(74 I
(74 NODE
(7H PERI
THH/M/S
(76 MEAN

PRECISION (A-id,J-4)

JF16.4,34,44 2
S P14.4,3X,4dKD
,F14.4,3X,4HYD =,F14.8,3X,
=, 2,211,114/, 211, 1t/,P5.2)

[T T T T |
nonon

JFP14.4,34,4d X =,F14.5,3X,6HKLAT
o P14.8,34,4d ¥ =,F14.5,3X,6HXLON
+F14.5,3X,6HFCAL
JFP14.8,3X,6HMJD

P14, 4)
JP14.4)
,I14)
,I14)

=, F14.4,3%,4d4D =,F14.8,3X,6HSTEP =, P14.4)
COMMON/TSTEP/ISIEP /NCAL/NCAL
DIMENSION X (7) JELD (7) ,R(7)
CALL STATEL (X,ELD)

MJD=IDINT (T/86400. 0D0) +40587
TSEC=DMOD (T, 86400. 0DO)
SC=DMOD(TSEC,60.0D0)
MH=TSEC/ 3600
MM=DMOD (TSEC/52, 60 .0D0)
MHT=MH /10
MHO=MOD (MH, 10)
MMT=M4/10
MMO=MOD (MM, 10)
CALL PLACE(T,X(1),X(2) ,X(3) ,ALT, XLN)
TYPE 10)
TYPE 101,ELD(1),X(1) ,XLT

TYPE 102,ELD(2),X(2) ,XLN

TYPE 103,ELD (3), X (3) ,NCAL

TYPE 104 ,ELD {4), X(4) ,HJID

TYPE 105,ELD(5), X(5) (MHT, 440, 44T ,4M0,SC
TYPE 106 ,ELD (6) , X (6) ,TSTcP

SUBROUTINE LNOD (X, T,IDEN,NOB5,R4S,BIAS,LUIN,WM,LP, LK)
IMPLICIT DOUBLE PRECISION (A-H,2-2)
DIMENSION X(7) ,ELD (7), WM (49)
DIMENSION LF (6),LR (7)
COMMON/KOUNT/KOUNT (7)

REAL XS (6)

FORMAT
FORMAT
FORMAT
FOKMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
REWIND

(18 )

(6X,7X,A5,26K,F12.2)
(6X, I112,26X,F12.2)
(6X,F12.3,26X,P12.2)
(6X, I12,26X,P12.7)
(6X,F12.3,26X,F12.17)
(6K,P12.3,26X,P12.7)
(14,7 (1PE10.3))
(17X,601,26X%,7L1)

LUIN

READ (LUIN,100)
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«ZAD (LUIN,101) ,IDEN,XS(1)

@ EAD (LUiIN,102), MJD,XS(2)

READ (LUIN,103),TSEC,XS(3)

READ (LJIN,104),NDBS,XS(4)

READ (LUIN,105), RMS,XS(9)

READ (LJIN,10b), BIAS,XS (o)

T= (MJD-40587) #8640 0. 0D0+I3EC

DO 5 J=1,0

L (J)=XS(J)

bo 10 J=1,5

READ (LUIN,10))

Do 20 J=1,7

BREAD (LUIN,109), (WM(7*K+J=7),£=1,7)
READ (LUIN,100)

READ (LUIN,11)), (LF(K) ,K=1,6), (LK(K) ,K=1,7)
DO 30 K=1,7

KOUNT (K) =LE& (K)

RETURN

END

SUBEOUTINE RTIIME(TA,TB)

IMPLICIT DOUBLE PRECISION (A-d,d-2)
TI=TA+0.01D0

TDAY=LDINT (TL1/86400.0D0)

TSEC=DMOD (I'I,S86400.0D0)

#OUR=LDLNT (TSE/3600.0D0)
TB=86400.0D0*IDAY+ 3600.00U*HoUiE+60.0DD
KETURN

END

SUBROUTLINZ FANDG (X,2,T,TH)
IMPLICIT DOUBLE PRECISION (A-n,d-2)
COMMON/XMU/XMJ,RE, XJ2

DIMENSION X(7),2(7)

DT1=T-TN

17 (DABs (DT1).LT.1.0D-5) DI1=0.000
DT2=DT1*DT1

DT3=DT1*DT2
RNT1=DSQRT (X (1) #%2¢ X (2) ¥#2+X (3) *¢2)
VRI=(X (1) %X (4) +X (2)*X(5) +X (3) *£(6) ) /RN
RN2=RN1%#aN1

KN3=RN 1#RN2

RNU=EN1*¢RN3

XKA=XNKU/RN3

XKB=XKA*VE1/EN1
F1=1.000-XKA*DT2/2+¢XK3*DI3/2
¢1=DT1-XKA*DT3/6
F2=—XKA*DT 14 3%LKB* DT 2/2
62=1.0D)-XKA*DT2/2

2(1)=X(1)*F1+X (4)*G1

4 (2)=X (2) *P 14X (5) *G1
Z(3)=X(3)*F1+4X (6)*GI
Z(4)=X(1)*F2+4X (4)*G2
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7 (9) =K (2) *F24X (5) *G2
Z(6)=X(3)*F2+X (b)*G2
RETUEN

END

SUbBROUTLNE OUTOD (X,T,IDEN,8UB5,kN5, BIAS,

LUQUL, WM, LSTART ,LSTOP, NPRINT, LP, LR)
IMPLICIT DOUBLE PRECISION (A-i,2-4)
FORMAT (24 )

FORMAT (6H SAT =,7X,A5,24,54A =,F12.2,2X,54X =,F12.2)
FORMAT (6u MJD =, I112,2X,5dc =,F12.8,2X,5HY =,F12.2)
FOBMAT (6H TSEC=,P12.3,2X,5HL =,¥12.4,2X,542 =,P12.2)

FORMAT (64 NOBS=, TI12,24%,5HNODE=,F12.4,2X,5HXD =,F12.7)

FORMAT (6H HMS =,F12.3,2X,5dPckl=,F12.4,2X,5d¥D =,F12.7)

POBMAT (6H BIAS=,P12.3,2X,5HMEAN=,F12.4,2X,5HZD =,F12.7)

FORMAT (18H COVARLANCE MALRIX)

FOBMAT (8X,1HN,2X, 2X,8HE COS(W),2k,8HE SIN(W),
7X,1HL,0X, Y44NODE, 7X 31in+d ,6X, Y4HBIAS)

FORMAT (1X,7 (1PE1J0.3))

FOKMAT (bH FIRSI,I4,18,2X,5HESEC=,#12.3,2X,5HRNG =,F12.2)

FORMAT (6 H LAST ,I4,I8,2X,5HTS&C=,F12.3,2X,5HRNG =,FP12.2)

FORMAT (174 PEXTURBATIONS = ,0I1,2X,
24H NON-PIXED PAKAMELIZES = ,7I1)

FORMAT (4i END)

COMMON/THM/TIME (1) /Y/Y (1) /TSTLP/LSTEP

DIMENSION X(7) ,EL(7) ,WM(49),LF (5),LK(7)

REWIND LUOUT

CALL STATEL (X,EL)

MJD=IDINT (T/86400. 0D0) +40587

TSEC=DMOD (T, 86430. 0D0)

KSTART=1

KSTOP=LSTOP-L3TART +1

JF=40587 +TIME (KSTART) /86400.000

JL=40587+TIME(KSTIP )/86400.000

TF=0M00 (TLIME(KSTART),86400.000)

TL=DMOD (TLME(KSTIP ),86400.000)

KP=Y (KSTAKT)

w1~ Y (KSTOP )

WRIZE (LUOUT,100)

wKITE (LUOUT,131), IDEN,EL(1),A (1)

WRITE (LUOUT,102), MJD,EL(2),X (<)

WELTE (LUOUT,123),TSEC,Ew(3).,X (3)

wisITE (LUOUT,104),NOBS,Ei(4),X (4)

wiITE (LUOUT,105), RMS,EL(5),.X(3)

WRITE (LUDUT,100),BIAS,EL(b),X (b)

WRITE (LUOUT,110),LSTART,J#,TF,h¥

WBITE (LUOUT,111),LSTOP, Ji,0L,kL

WHITE (LUOUT,100)

WKITE (LUOUT,107)

wRITE (LUOUT,108)

DO 10 J=1,7

WHRITE (LUOUT,109), (WM (T*KeJ=7) ,k=1,7)

wiklTE (LUOUT,100)
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WRITE (LUOUT,112), (LP(K),K=1,0), (L& (K) ,K=1,7)
WRLTE (LUOUT,113)

END FILE LUOUT

1 IF (NPKLNT.EQ.0Q) RETURN

TYPE 100

: TYPE 101,IDEN, L (1),X (1)

TYPE 102, MJD,EL(2),X(2)

TYPE 103,TSEC,EL (3),X(3)

TYPE 104 ,NOBS, EL (4), X (4)

TYPE 105, RMS,EL(3),X(5)

TYPE 106,5IAS,EL (6),X(6)

TYPE 110 ,LSTART,JF,TF, RF

TYPE 111,LSTOP ,JL,TL,RL

TYPE 100

TYPE 112, (LF (K) ,K=1,6) , (LK (K) ,K=1,7)
RETUKN

END

SUBROUTINE FORCE (K2,K3,K4,KUdAG, KSUN, KMOON)
IMPLICIT DOUBLE PXECISION (A-H,J-2)
COMMON/LOG/LJZ2,LJ3 ,LJ4,LURAG, LSUN,LAOON
COMMON /FAC/FAC2, FAC3 ,FACY, DXNU,XHUS, XM UM
COMMON/XMU/XMU,RE, XJ2/KE{/KEYS ,KEYM
LOGICAL LJ2,LJ3,LJ4,LDRAG,LSUN,LMOON
DATA RE/6378.135D0/

DATA DXMU/393601.500/

DATA £MU/398601.5D0/

DATA XMUM/4902.778D0/

DATA XMUS/1.3271545D11/

DATA XJ2/1.032650-3/

DATA XJ3/-2.54500-6/

DATA XJ4/-1.6715D—6/
FAC2=XMU*XJ2#RE**2

PAC3=XMU*XJ3*RE**3

PACU=XMU*XJU*RE**4

KEYS=0

KEYM=0

LJ2=.FALSE.

LJ3=.FALSE.

LJ4=. FALSE.

LDRAG=.FALSE.

LSUN=. FALSE.

LMOON=.FALSE.

IF (K2.EQ.0) LJ2=.TRUE.

LF (K3.Eu.0) LJ3=.TRUE.

IF (K4.Ey.0) LJI4=.TRUE.

1P (KDRAG.EQ.)) LDRAG=.THUE.

IP (KSUN.EQ.0) LSUN=.THUE.

IF (KMOON.Ey.)) LMOON=.TRUE.

RETURN

END :

SUBROUTINE DEGRAD(A,B)
IMPLICIT DOUBLE PRECISION (A-H,)-4)
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DIMENSION A(1),B(1)

DATA DTR/0.01745329251994300/
B(1)=A(1)

B (2)=A (2)

DO 10 K=3,6

B (K)=A (K) *DTR

RETURN

END

SUBKOUTINE KADDEG (A, B)

IMPLICIT DOUBLE PRECISION (A-H,)-Z)
DIMENSLON A(1),B8(1)

DATA RID/57.29577951308200/
B(1)=A(1)

B (2)=A(2)

DU 10 K=3,6

B {(K)=A (K) *RTD

RETUKN

END

SUBBOUTLNE ELRELN (ELR, ELN)
LMPLICIT DOUBLE PRECISION (A-il,2-2)
COMMON/XMU/XNU,RE, XJ 2
DIMENSION ELR(1) ,ZLN (1)

ELN (1) =DSQRT (XMU/ELR (1) **3)
ELN (2) =ELR (2) *DCOS (ELR (5))
ELN (3) =ELR (2) #DSIN (ELR (5))
ELN (4) =ELk (3)

ELN (5) =ELR (4)

ELN (6} =EL& (5) +ELK (b)

KETURN

END

SUBROUTINE ELNELR(ELN, ELi)

IMPLICII DOUBLE PRECISION (A-H,d-2)
COMMON/XMU/XMU ,RE, XJ2

DIMENSLON ELN(1) ,ELR (1)

DATA TP1/6.283185307179500/

ELR (1) = (XBU/ELN (1) **2) *% (1,000/3.000)
ELR (2) =DSQRT (ELN (2) **2+ELN (3) **2)

ELR (3) =ELN (4)

ELR (4) =ELN (5)

ELR (5) =ARKTNS (360, ELN(2) , sLn(3))

ELR (6) =LLN (o) —ELR(5)

1F (ELR(6).LT.J.0D0) ELR{6)=sLB(b)+TPI
KETURN

END

SUBROUTINE SOLVE (X ,TSTARL,TSIOP,LNT,DT)
IMPLICIT DOUBLE PRECISION (A-H,Jd=4)
COMMON /TSTEP/TSTEP/NCAL/NCAL
COMMON/0BSC/08SC/P DNINE/PDNINZ,ISAT,LOOUT
DIMENSION X (7)
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LOGICAL 0OBSC,PDNINE

IF (INT.LT.O0) INT=0

IF (INT.GE.O) JNT=INT

NCAL=0

VOT=DT

1F (UVABS (DDT).LT.1.0D-4) DUL=5TPSLE(X,0.032D0)
TSTEP=DDT

0BSC=. FALSE.

PUNINL=. FALSE.

IF (INT.GE.O) CALL PAPER(X,TSTAKI)
CALL NINE(X,T5TART,TSTOP,JNT,DDT)
IF (INT.GE.0) CALL PAPER(X,TSTOP)
RETURN

END

SUBROUTINE FOJK (X, TSTART,ISTJIP,LNI,DT)
AMPLICIT DOUBLE PRECISION (A-iti,J=Z)
COMMON/KMU/XMJ ,RE, XJ2/SHAVO/KKEEYY
COMMON /TSTEP/ISTEP/NCAL/NCAL

DIMENSION X(7) ,XLJOAD(7)

LOGICAL LPEINT

NCAL=0

LCON=1

LLT=DT

LPRINT=. TRUE.

1F (INT.Eu.-1) LPKINT=.FALSZ.

IF (DABS (UDDT).LT.1.0D-4) LDT=5TPSZE(X,0.032D0)
XMSTEP= (ISTOP~-TSTART) /DDT

YMSTEP=DABS (XASTEP)+0.000100
NMSTEP=1DINT (YMSTEP)

IF (NM3TEP.LT.1) NMSTEP=1

THMSTEP= (TSTOP-TSTART) /NMSTEP
1STEP=TNSTEP

X (7)=TSTART

IF (LPRLNT) CALL PAPE& (X,Xx (7))

CALL RUK (X)

i¥ (KKEEYY.Ey.0) 50 TO 15

TLOAD=X(7)

DO 12 K=1,6

XLOAD (K) =X (K)

CALL SHADOW (TLOAD, XLOAD)

1¢ (DABS (TSTOP-X (7)) «LE.1.0DJ) 30 TO 30
LF (TSTOP.GT.PSTART.AND.X(7).GE.TSTOP) GO TO 30
LF (TSTOP.LT.TSTART.AND.X (7). LE.TSTOP) GO TO 30
LF (LNT.EQ.0) 30 TO 20

LF (LCON/INT®*INT.NE.LCON) GO TO 20

i? (LPRINT) CALL PAPER (X, X (7))

20 LCON=LLON®I
GO TO 1)

30 P (LPRINT) CALL PAPER (X,X (7))
RETURN p
END
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SUBROUTINE DFy(X,DX)

LMPLICIT DOUBLE PRECISION (A-H,)-Z)

COMMON/TSTEP/TSTEP

DIMENSION X(7),DX(7)

CALL DIFFEQ (X(7) ,X (1),X(2),4(3),X(4),
X(5) ,X (6) ,XDv, YDD,2DD)

DX(1)=X(4)

Ui (2)=X(5)

DA(3)=X(6)

DX (4)=XDD

DX (5)=¥DD

DX (6) =ZDD

DX (7)=1.0D0

DO 10 K=1,7

DX (K) =TSTEP*DX (K)

RETURN

END

SUBROUTLNE KUK (X)

IAPLICIT DOUBLE PRECISION (A-H,)-Z)
DIMENSION U(7),0(7),E(7),X(7)
N=7

CALL DFy (X,D)

DO 10 K=1,N

U (K)=X (K) +0.500% U (K)

CALL DFy (U, F)

DO 20 K=1,N

D (K)=D (K) +2.0D0* F (K)

U (K)=X (K) +0. 5DO*F (K)

CALL DFy (U,F)

DO 30 K=1,N

D (K)=D (K) +2. 0DO*F (K)

U (K)=X (K) +F (K)

CALL DFy (U,F)

DO 40 K=1,N

X (K)=X (K) + (D (K) #+F(K))/6.000
RETUKN

END

DOUBLE PRECISION PUNCTION STeSZE(X,STEPCN)
LMPLICIT DOUBLE PRECISION (A=-H,d-2)
COMMON/XHU/XMU,RE, XJ2

DIMENSION X(7),5LD (7)

CALL STATEL (X, ELD)
uMIN=ELD (1) * (1.0D0-ELD (2))

ANGH=DSYRT (XMU*ELD (1) * (1.0D0-ELD (2) #%2))
STESLE=STEPCN®*RM LN ** 2/ANGH

KETURN

END

SUBKOUTLNE DIFFEQ(D,U,V,w,UD,VD,WD,UDD,VDD,WDD)
LMPLICLT DOUBLE PRECISION (A-d,d-2)
KeAL Ww, 8>,R0,R7,CA,CB,CC, <, CE,CF,CG,CH,CI
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REAL DA1,DA2,DA3,DA4,DC,4h,28,45,2D,%E,2F
REAL KS,DRS,X5UN,DXSUN,RMA, DRM, X4D0N, DXMOON
BEAL V1,V2,RBHJ,RHON, SF

COMMON /LOG/LJ2, Ld3 ,LJ4 ,LD&AG, LSUN, LHOON
COMMON/ATMR/ATME/NCAL/NCAL

DIMENSION XS (6),XM (6)

LOGICAL LJ2,LJ3,LJ4,LDRAG,LSUN,LMOON
COMMON/FPAC/FPAC2, PAC3,PAC4, DXMU,XHUS, XM UN

T=D
K2=USUsV* Ve dod
R 1=DSQKT (R2)
&3=R1*R2
BRU=R2*K2
R5=R2*K3
DA1=W/&1
DA2=DA1%*DA1
XEARTH=DXMU/K3
UDD=-XEARTH*U
VDD=—XEARTH*V
WDD=-XEARTH*4
NCAL=NCAL#1

IF (LJ2) GO T2 10
CA=FAC2/R5
CB=7.5E0*DA2-1.5E)
cC=CB-3. OEO
UDD=UDD+CA*CB*U
VDD=VLD+*CA*CB*V
WDD=WDD+ CA*CC*W

IF (LJ3) GO TO 20

R6=K3*R3

DA3=DA1¢DA2

CD=FAC3/RB6
CE=17.5E0%DA3-7.50 EO*DA 1
CP=17.5E0%DA3-15.0 EO*DA1
UDD=UDD*CD*CE*U

VDD=VDD+ CD*CE*V
WDD=WDD+CD*CP*uW¢ 1. SEO*PAC3/R5

IF (LJ4) G0 T2 30

R7=R3*RY

DAU=DA2%DA2

CG=PAC4/R7
CH=39.375E0%DAU~26.25E0%DA2+1. 875E0
CI=39.375E0*DA4-43.75E0*%*DA2+9,.375E0
UDD=UDD¢CG*CH*U

VDD=VDD¢ CG#CH*V

WDD=WDD*CG*CI*W

IF (LDRAG) GO TO 35
IF (R1.GE.7000.0E0) GO TD 35
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IF (R1.LE.6498B.0E0) GO Tu 32
DC=2.0E0

RHON=35. 36E0

4A=—-0.738571E+4
ZB=—0.645263E+4
ZC=+0. 4D 2901E¢1
2D=—0.887715E+3
2E=+0.453b87E+2

ZF= (R1+%2A) *ZE/ ( (R1+42ZB) *2D)
RHO=RHON *ZF*%*2_

GO TO 34

RHO=RHON*EXP ((6498.0-R1) /11.0)
Y2=UD*UD+VD*VD+WD* WD

V1=SQRT (V2)

SF=DC*0. SEO*RHO*V1*ATMR
UDD=UDUL~SF*UD

VDD=VDD~SF*VD

WDD=WDD~SF*4D

IF (LSUN) GO I0 40

CALL SUN (T,XS)

KS=XS (1) #%2¢X5 (2) *#24XS (3) #%2

RS=SQRT (RS)
DRS=(XS(1)=U) #%24 (XS (2) V) #%2¢ (XS (3) —N) *%2
URS=SQKT (DRS)

XSUN =AMUS/RES**3

DXSUN =XMUS/DRS*#3

UDD=UDD* (DXSUN-XSUN~6.65D-19) *X5 (1) ~-DXSUN*D
VDD=VDD¢ (DXSUN-XSUN~6.65D-19) *XS (2) -DXSUN*V
¥ DD=WDD+ (DXSUN-XSUN-6.65D-19) *XS (3) -DXSUN*W

IF (LMOON) GO T0 50

CALL HOON (T, XM)

RM=XM (1) #$2+ XN (2) **24XM (3) **2

RM=SQRT (BM)

DRM= (XM (1) =U) #%24+ (XM (2) =V) $%2¢ (KM (3) —W) **2
DBM=SYRT (DRM)

X MOON=XMUM/RM*#*3

DXMOON=XMUM/DaN**3

UDL=UDD+ (DXMOON-XHOON) *Xd (1) -DXHJ0N*U
VDD=VDD+ (DXHOUN-XNOON) #Xa (2) -DXBOIN*V
@DD=wDD¢ (DXMOIN-XHOON) *Xd (3) —~OXNOIN*W

RETURN

END

SUBROUTINE ORBII (ELD,X,i,TEPOCH)
INPLICIT DQUBLE PRECISION (A-t,)=-4)

BEAL S1PHI,C1PHI,S2PHI ,C4Pul,S3Pdl,C3PHL
REAL 51,C1,512,XC2,U,UN,XINC, SMEAN
CUMMON/XMU/XHU,RE, XJ2

DIMENSION ELD(7) ,ELR(7),ELN(7),X(7)

CALL DEGRAD(ELD,ELR)

CALL ELKELN(ELR,ELN)
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XN=ELN (1)

AMEAN=XN* (T-TEPJCH)

XC2=-A£J2%* (RE/ELD (1)) **2

bAEAN=AMEAN

UN=ELN (6)

U=UN+BMLAN

XINC=CLN (4)

SI=SIN(XINC)

CI=COS (XINC)

SI2=SL*%2

S1PHI=SIN(U) - SIN (UN)

C1PHI=COS (U) - COS (UN)
S2PHL=SIN (2%U) -SIN (2*UN)
C2PHI=CJS (2*U) -CUS (2*UN)
S3PHI=SIN (3%U) -=SIN (3*UN)
C3PHI=COS (3%U) -COS (3*UN)

ELN (1) =ELN (1) ¢ 2. 25%ELN (1) ®XC2*SL2%C2PHI

ELN (2) =ELN () #+XC2% ((-1.5¢1.675%512) #*C1PHI-0.875*SL 2¢C3PHI)
ELN (3) =ELN (3) #XC2#% ((=1.5+2.625%502) *S1PHI-0.875%SI 2#S3PHI)
ELN (4) =ELN (4) -0.75%XC2*SI*_1*C2PHI

ELN (5) =ELN (5) + 1. 5% XC2*CI* (6MEAN-). 5%S2PHI)
ELN (6) =ELN (6) —2.25*XC2*SL2*%CJ5 (2*UN) *3MEAN
ELN (6) =ELN (6) ¢+ 1. 50 #XC2#% (4.0%S12-3.0) *BMEAN
ELN (6) =ELN (6) #0.375%XC2% (2.0-5.2¢S12) *S2PHI
ELN (6) =ELN(6) *+AMEAN

CALL ELNELK (ELN, ELR)

CALL &ADDEG (ELR, EL D)

CALL ELSTAT (ELD,X)

RETURN

END

SUBROUTINE STATEL (X,ELD)

LMPLICIT DOUBLE PRECISION (A-H,d-2)
COMMON/XMU/XMU, RE, XJ2

DIMENSION X(7), ELD(7), ©5(3)

DATA PI/3.1415926535897902/

DATA TPL/6.283185307179500/

DATA &ID/57.29577951308200/
B(1)=X(2)*X(6) -X (3)*X(5)

B(2)=X(3)*X(4) -X(1)*X(0)

B(3)=X (1)*X (5) =X (2) *X (4)
B2=X(1)*X (1) ¢X (2)*X (2) +X (3) *X (3)
V2=X(4)*X (4) *X (5)*X(5) +X (0) *X (6)
B2=p(1)*B(1) +5(2)*B(2) +B(3) *B (3)

AA=X (1) %X (4) #X (2) *X(5) +X (3) *X (6)

R1=DSyYRT (K2)

B 1=DSQRT (82)

AA=AA/XHU

P1=B2/XMU

C3=V2-2.0D0*XHU/R1

SHMA=-XNU/C3 g
ECC=DSQRT (DABS (1.0D0+C3*P1/XNU)) -
AINC=ABGKTNS (133,B(3) ,DSQal (B(1)**2¢8 (2)**2))
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20

XNODE=ARKTNS (360 ,-B(2) ,8(1))
THETA=ARKTNS (360, (P1-R 1) , B 1%AA)
ABGLAT=ARKTNS (3b0, X (2) *B(1) ~X (1) *B (2) , X (3) *B1)
PERI=AK5LAT-THETA

IF (PERI.LT.0.0D0) PERI=PZgi+TPI
F1=AA*XHU/DSQKT (XMU%SMA)
F2=1.0D0~R1/S4A

IF (DABS (ECC).GE.1.0D-8) G2 Iv 10
COSE=1.3D0

SINE=0.0D0

GO TO 20

SINE=F1/ECC

COSE=F2/ECC

E=ARKTNS (360,20SE, SINE)

XMEAN= (E-ECC*SINE)

IP (ECC.EQ.0.0D0) XMEAN=THETA
ELD (1) =SHA

ELD (2) =ECC

ELD (3) =X INC*RID

ELD (4) =XNODE*RTD

ELD (5) =PERI*RTD

ELD (6) =XMEAN®*RTD

RETURN

END

SUBROUTINE ELSTAT (ELD,X)
IMPLICIT DOUBLE PRECISION (A-i,d-2)
COMMON/XMU/XMU,RE, XJ2
DIMENSION X(7), ELD(7), A(3,2)
DATA DIFR/0.01745329251994300/
SNI=DSIN (ELD (3) *DTR)
CNI=DCOS (ELD (3) *DTR)
SOM=DSIN (ELD (4) #*DTR)
CUM=DCOS (ELD (4) *DTR)
X4=DMOD(ELD (6) ,360.0D0)*D IR
ECC=ELD (2)
E=XKEP (ECC, XM, 1.0D0=10)
SINE=DSLN (E)

COSE=DCJS (E)

STA=DSUKT (1.0D0~-ECC**2) *SINE/ (1. 00)-ECC*COSE)
CTA=(COSE-ECC) /(1. 0DO-ECL*COSE)
TAA=ARKINS (18),CTA,STA)
Tibb=TAA+ DTR*ELD (5)

CBA=DCOS (TBB)

SwA=DSIN (TBB)
A(1,1)=¢CON*CBA-SIN*CNI*SuA
A(2,1) =+SUM*COA+COMRCN I*SsA
A(3,1) =+SNI*SBA
A(1,2)=~COM*SBA-SIN®CNI*COA

A (L,2) =~SO8*SBA+CIN*CNI*CuA
A(3,2) =+SNI*CBA

P=ELD (1) * (1.00)-ECC**2)
K=P/(1.0D0+ECC*CTA)
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ViE=ECC*STA*DSQuT (XMU/P)

VI=DSQRT (XAU*(2.0D0/R-1.000/ELL (1)) ~VR*VR)
DO 10 K=1,3

X (K)=K*A (K, 1)

X (K+3) =VR*A (K, 1) +VT*A (K, <)

RETURN

END

FUNCTION ARKTNS (N,&,Y)
IMPLICIT DOUBLE PRECISION (A-H,)-4)
DATA PI/3.1415926535697900/
UATA TPI/b.233185307179500/
IF (X.NE.0.0DJ) GO TO 10

IP (Y.GT.0.0D0) T=0.5D0%¢1
IF (Y.LT.0.0DJ) T=1.5D0#*PI
LF (Y.EW.0.0D)) T=0.000

GO TO 20

T=DATAN (¥/X)

IF (X.LI.0.0D)) T=T+PI

IF (T.LI.0.0D)) T=TeTPI

IF (N.Eu.360) G2 Tro 30

i¥ (T-GT.P1) P=P-TPI
ARKTNS=T

RETURN

END

FUNCTION SKEP (ECC,XM,TOL)

FOKMAT (10X,4)H *¢ KEPLEdS Ly UATLON DID NOT CONVEKGE *%)
EOLD=XM

po 10 K=1,20

SEC=SLN(EOLD) *ECC

CEC=C0S (EOLD) #ECC

ENEW= (XM +#SEC—EJLD*CEC) /(1.0 50-LEC)
DE=ABS (2NEW-£DLD)

IF (DE.LE.TOL) 50 T2 20

EOLD=ENEW

TYPE 100

STOP

SKEP=ENEW

KETURN

END

DOUBLE PKECISLON PUNCTION XKEP (£CC,XM,TOL)
IMPLICLT DOUBLE PRECISION (A=i,)-2Z)

FORMAT (10X,4)H ** KEPLExS EQUALLON DID NOT CONVERGE #¥)
EOLD=XM

DO 10 K=1,100

SEC=DSIN (LOLD) *ECC

CEC=DCOS (E0OLD) *ECC

ENEW= (XM*#SEC~£JLD*CEC) /(1.0D0~CLC)

DE=DABS (ENEW~EOJLD)

1P (DE.LE.TOL) 30 TO 20

EOLD=ENEW
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TYPE 100
STOP
XKEP=ENEW
RETUKN
END

SUBKOUTINZ POSION(T,X1,Y1,21)
IMPLICIT DOUBLE PRECISION (A-d,d-2)
COMMON/XMU/XMJ,RE, XJ2
COMMON/LOC/XLAT, XLON ,ALT,LSTA
COMMON/INIT/INTT /XYZ/XE, 18, %L

DATA DT2/0.017453292519943D0/

DATA ECCN/0.0818188108D2/

DATA LNIT/0/

T1=IDINT (T/86400.0D0)

T2=DMOD (I',86400.0D0)

CALL GHA70(T2,T1,5HAN,0.000,04EsA)
GHAN=GHAN*DTR

SINT=DSIN (GHAN)

COST=DCOS (GHAN)

1F (INIT.GT.0) GO TO 10

SLAT=DSIN (XLAL*DTR)

CLAT=DCOS (XLAT*DTR)

SLON=DSIN (XLON*DTR)

CLON=DCOS (XLON*DTR)
FACT=1.0D0/DSJAT (1.0D0O—E_ N**2*¥SLAT*%*2)
X E= (RE#ALT) *CLAT*CLON*FACT

Y E= (RE+ALT) *CLAT*SLON*FACT

ZE= (RE#ALT) *SLAT#*PACT* (1.000—-SCIN*%2)
X1=+XE*COST-YE*SINT

Y 1=+XE*SINT+YE*COST

Z21=+LE

LINIT=INIT+1

RETURN

END

SUBHROUTINEZ PLACE (T, X1,Y1,421,XLAT,XLON)
IKPLICIT DOUBLE PRECISION (A-H,)-2)
DATA DITR/0.01745329251994300/
T1=IDINT (T/80400.0D0)

T2=DMOD (I,86400.2D0)

cALL GHAT70 (T2,T1,GHAN,0.000,0UMEGA)
GHAN=GHAN*DTR

SLINT=DSLN (GHAN)

CUST=DCIOS(GHAN)

X= X1®#COST+Y1*#SINT
Yf=~X1*SINT+Y1#COST

2=+21

XMAG=DSQURT (X*X¢t Y *Y)

XLAT=DAILAN (Z/KM4AG) /DTR

XLON=AKKTNS (300,X,Y) /DTR

RETURN

END
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SUBFOUTINE GHA7) (TSEC,TULAY,GiaAN,DA,OMEGA)
INPLICIT DOUBLE PRECISION (A-id,J-4)

DATA KID/57.295779513082v0/
D=TDAY+7305.000

OMEGA=0.0041730746200/ (1.Jul+5.210-13%D)
DF=DMOD(0.968504735D0%D,30V.000)
TEMP=100.07554D0¢DF+2.9015D-13%D%¢ 2+0OMEGA*TSEC
GHAN=DKOD (TEMP+DA*RTD, 300.J000)

IF (GHAN.LT.0.0D0) GHAN=GHAN+306J.J00
RETUKN

END

SUBROUTLINE YDHMS (T ,KY, KDAY, Kd, #l,3EC)
IMPLICIT DOUBLE PRECISION(A-d,0~4)
UIMENSION MYST (20)

DATA MYST/40931,41316,41082,42047,42412,

* 42777,43143, 43506,43873,44238,
* 44od4,44969,85334,45699,40065,
* 0,0,0,0,0/

MJD=40587+T/8b6400.0D0
Du 1 K=1,20
LF (MJD.LE.MYST(K) «OR.MJID.uT.8YSL(K+1)) GO TO 1)
KDAY=MJD-MYST (K)
KY=70+K
GO TO 20
10 CUNTINUE
STOP
20 TSEC=DMOD(T,80400.0D0)
KH=TSEC/3600.000
ISEC=TSEC-KH*3620.0D0
MN=TSEC/60.0D)
SeC=TSEC-MN*60.0D)
KRETURN
ZND
SUBKOUTINE SUN(T,XP)
JOUBLE PRECISIUN T,TB,TM,I¥,XP,XB,Xl,XF,XJB,XIM, XJF
DIMENSION XP (o) ,XB (b),XM(0) ,&F (0)
COMMON/SSAVE/T,T4 ,TF,AX,084& ,CX,AY, BY,CY,AZ,B2,CZ
COMMON/KEY/KEYS,KLYM
DATA KEYS/0/
LF (TeLE.TF.AND.T.GE.TB.AND.KLY¥S.Ew.1) GJ3 TO 20
TM=T
TF=T+432000.0
TB=T-432000.0
KEYS=1
CALL SUNPS(TB/86400.0D0,Xd)
CALL SUNPS (TM/86400.0D0,Xx1)
CALL SUNPS(TF/86400.0D0,X7)
11=TB~-TH
T2=1F~Tb
T 3=TF~-THM
L1=XF (1) -XM (1)

105

3




20

e ———— o -

Y 1=XF (2) -XH (2)
Z1=XP (3) -Xu(3)
X2=XM (1) -XB(1)
Y2=XM (2) -4B (2)

Z2=XM(3) -XB(3)
T123=1.0/ (T1*[2%T3)
T12=T1%%2

T32=T3%%2

AK=XM (1)

AY=XM(2)

AZ=XM(3)
BX=X1*T12¢X2%T 32
BY=Y1%T12+Y2%T32
BLZ=21%T12+42% 32
CX=X1%*T1+X2%T3
CY=Y1*T14Y2%T3
CZ=21%T1+442%T3
BX=~BX*T123
BY=~3Y*T123
BL=-~B2*T 123
CX=+CK*T123
CY=+CY*T 1.3
CZ=+CL*T 123

TT1=T -TM

TT2=TT1%%2

XP (1) =AX+BX*TT1+CX*TT2
XP(2) =AY +BY*TT1+CY*TT2
AP (3)=AZ+BZ*T[ 14CL*TT2
KET URN

END

SUBROUTINE MOJN (T, XP)

DOUBLE PKECLSION T,TB,TM, TV, XV,4B,XKd,XF,XJB,XIN, XJF
DIMENSION XP(b),XB (6),XH(b) ,KF (b)
COMMUN/MSAVE/IB,TM,T?,AX,sX,CX,AY,BY,CY,AZ,B%,C2
COMMON/KEY/KEYS, KE Y

DATA KEYM/0/

IF (T.LE.TP.AND.T.GE.TB.AND.KEYM.Eu.1) GO TO 20
TH=T

TF=T+43200.0

TB=T-43200.0

KEYM=1

CALL MOONPS (T3/86400.0DJ,%8)

CALL MOONPS (T4/86400.0D0,%x8)

CALL MOONPS (TF/86400.0D0,KF)

IL1=Ta-TH

T2=TF-TB

T 3=TF-TH

X1=XP (1) =XN (1)

Y1=XF (2) XM (2)

Z1=XF (3) ~XN (3)

X2=XM (1) X8 (1)

Y 2=XM(2) ~XB(2)
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Z22=X8(3) X8 (3)

T123=1.0/(T1*r2%T3)

L12=T1%%2

T32=T3%%2

{ AX=XM (1)
AY=XM(2)
AZ=XM(3)
BX=X1¢T12¢X2#T32
BY=Y1#T12¢Y2#I32
B4=Z1%T12+22%T32
CX=X1#T1¢X2%T3
CY=Y1*T1+Y2%T3
CZ2=21%T1422%T3
BX=—-BX*T123
BY=-BY*T123
B2=-BZ*T123
CX=+CX*T123
CY=+CY*T123
CZ=+CL*T123

20 TI1=T -TH
TT2=TT 1% %2
XF (1) =AX+BX*TT1+CX *#TT2
XP(2) =AY +BY*TT1+CY*TT2
XP(3)=AZ+BZ*TT1+CL*TT2
RETURN
END

SUBROUTINE SUNPS (XJD,XS)
DOUBLE PKECLSION XJD,XS

DIMENSION XS (6),4MS(4) ,XWS (4) ,XES (3) ,XIS(4) ,XT(5)

DATA XES/0.01675124E0,-0.00004180E0,+0.00000012520/

DATA XIS/23.4522944E0,-0.0130125E0,-0. 00000164E),+5.03E-7/
DATA XWS/281.220833E0, +0.0000470654E0, +4.53E-4,+3.33E-6/
DATA XM5/358.475830E0, +0.9856002670£0,-1.50E-4,-3. 33E-6/
DATA DTR/0.017453292519943E0/

DATA PI/3.14159265358979E0/

DATA TPI/6.2831853071795E0/

D1=XJD#25567.5E0 ’
T1=D1/36525.0E0

T2=T1*T1

T3=T2*T1

ZA=149600000.JE0

ZE=KES (1) +XES (2) *T 1+ XES (3) #T2

Z1=XIS (1) #XLS(2) *T 1¢XIS(3) #T2+ XI5 (4) *T3
ZP=XWS (1) +XW5(2) *D 14 XWS (3 *T2+XUS (4) *T 3
ZM=XNS (1) +XMS(2) *D 1+ XMS (3) #T2+X4S (4) *T3
41=ZI*DTR

ZP=ZP*DTR

ZMEAN=ANOD (ZM,360. OEO) *DTR

ECCANM=SKEP (ZE,ZMEAN, 1.0£E~5)

SINE=SIN (ECCANM)

COSE=COS (ECCANM)
SINFP=SINE®SQRT (1. OE0O-ZE*%2)/ (1. 0E0O-ZE*CISE)
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COSFF= (COSE-ZE) / (1.0EQ0-ZE*CUSE)
UP=ZP+ATAN2 (SINFP, COSPP)

RS=ZA* (1.0E0-ZE#*ZE)/ (1.0EL0¢4E*CISFF)
XS (1) =+RS*COS(UP)

XS (2)=+RS*SIN(UP)*CIS (2I)

XS (3)=¢RS*SIN(UP)*SIN(ZI)

RETURN

END

SUBROUTINE MOONPS (XJD, XM)

DOUBLE PRECISIOJON XJD,XHM

DIMENSION A(4),B(4),C(4),&P (6) ,&(6),E(4),TEMP(3) ,XH(6)
DATA A/248.77099E0,13.064992446498E0,6.890E-12,¢0, 295E-18/
DATA B/317.28125E), +0.1043580025E0,-9.297E-12,-0. 302E-18/
DATA C/-14.688635E0,-.052953922199£0,¢+1.557E~-12,+0.05E-18/
DATA E/23.4431852E0,-.0130125£0, - 16389E~-5,40.5)3E-6/
DATA DTER/0.017453292519943£0/

DATA XI,/0.089802411316E0/

DATA TPL/6.2331853071795:c0/

DATA ECC/0.054900489E0/

DATA AM/384400.0E0/

D=XJD+0. 5E0

T=(XJD+25567.2E0)/36525.0E0

D IN THE NUMBER OF DAYS Fi&OoM JAN I 12 HRS 197)

T LS THE JULIAN CENTURIES Fson 1900 JAN O 12 AR

XJD IS THE JULLAN DAYS From JAN 1 OHRS 1970

D2=0D*D

D3=D2%*D

T2=T*T

T3=T2*T

TEMP(1)=A(1) +A (2)*DeA (3)*D2+A (4) *D3
TEMP(2)=B(1)+5(2)*D+B(3) *D2+u (4) *D3

TEMP (3)=C (1) 42 (2)*DeC (3) %D+l (4) %03

DO 10 K=1,3

TEMP (K) =AMOD (FEMP (K) ,360.JE0Q) *DI'R

XL=TEMP (1)

XLO®=TEMP (2)

OM=TEMP (3)

EP= (2 (1) +E(2) *T+E(3) *T2+L (4)*1 3) *OTk

ENEXT=SKEP (ECC,XL, 1.0E-9)

SE=SIN (ENEXT)

CE=CO0S (ENEXT)

DEN=1.0E0-ECC*CE

RMAG=AMN*DEN

5I=SIN(XI)

CI=COS (XI)

SF=SURT (1. 0E0-ECC*ECC) *SE/DEN

CF= (CE=-ECC) /DEN

SLO=SIN(XLOM)

CLO=COS (XLOM)

S0=SIN (OH)

CU=COS (ON)

SS=SF*CLO+CF*5L0
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CS5=CF*#CLO-SF*SLO
RP (1) =ENAG* (C5%CO-SS*CI*5))
RP (2) =RMAG* (C5%50+SS*CI*.))
s HP(3) =RMAG*SS*SI
t SE=SIN (EP)
CE=C0S (EP)
XM (1) =KP (1)
XM (2)=isP (2) *CE-RP (3) *SE
XM (3)=kp (2) *SC+RP(3) *CE
RETURN
END
SUBROUTLNE DIVK(A,B,C,NR,NC)
IMPLICIT DOUBLE PRECISION (A-i,d-2)
' DIMENSION A(1),B(1),C(Y)
DO 10 KC=1,NC
DO 10 KE=1,NR
K1=KR¢ (KC-1) *NR
10 C(K1)=A(K1) /B (KC)
KETURN
END

SUBROUTINE bISLIT(XMB, XML)
IMPLICIT DOUSBLE PRECISION (A-H,J0-4)
COMMON/KQUNT/KOUNT (7)
VINENSLON XML (V) ,XNMB (1)
LB=0
L5=0
Lo 10 K=1,7
po 10 J=1,7
LB=LB¢1
LF (KOUNT(K) .c2e 0.OR.KOUNT (J) « Eued) GO TO 10
L5=LS+1
KAL (LS)=X8b(Lu)
10 CONTINUE
KRETURN
LND

SUBBOUTINE LITBLIG (XML, XMb)
LAPLICIT DOUBLE PRECISION (A-H,2-Z)
A COMMON/KOUNT /KDUNT (7)
DIMENSLON XML(1) ,XMB (1)
LB=0
Ls=0
DO 10 K=1,7
D0 10 J=1,7
LB=LB+1
r KMo (Lb) =0.0D0
IF ((K~J)<.EQ.d) XMB(LB)=1.0D-3
IF ((K=J) «EUe)oAND.K.EQ.1) XMd (LB)=1.0D-16
' L¥ ((K~J)<EUed.AND.K.EQ.7) XMb(LB)=1.0D-02
' LIF (KOUNT (K) «EWes 0o OR.KOUNT (J) « E¢od) GO TO 10
LS=LS+1
XMB (LB) = XML (LS)

R Lot i
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CONTINUE
2 LT URN
END

FUNCTLON PASTdu (ELN,T, TN)

IMPLICIT DOUBLEL PRECISION (A-i1,d-Z)
COMMON/BIAS/BLAS

DIMENSLON ELN(7) ,ELR(7),&X (7). ELNA(7)
REAL K2

DO 10 K=1,6

SLNA (K) =ELN (K)
ELNA(6)=ELNA (6) ¢+ ELNA (1) * (I-TN)

CALL ELNELR (ELNA,ELR)

CALL FLSTAT (ELK,RX)

CALL POSION(T,XSTAT,YSTAL,ZSIAT)

R2= (XSTAT-RX (1)) #*2¢ (YSTAT-RK (2) ) #*2+ (2STAT~BX (3)) **2
FASTRG=SuRT (R2) + BLAS

RETURN

END

SUBROUTINE FL3TAT (ELR,X)

DOUBLE PRECISLON ELR,X,X#U,&E,XJ2
COMMON/XMU/XMU,RE, XJ2

DIMENSION X(7), ELR(7), A(3,2), ELRS(7)
XMUS=XMU

DO 5 K=1,6

£LRS(K)=ELR (K)

SNI=SIN(ELRS (3))

CNI=COS (ELRS (3))

SOM=SLN (ELRS (%))

COM=COS (ELRS (4))

X M=AMOD (EL&S (6) , 6. 283185307179)
ECC=EL&S (2)

5=SKEP (ECC, XM, 1. 0E=b)

SINE=SIN (&)

COSE=C0S (E)

STA=SUKT (1. 0E)-ECC%#2) #SINE/ (1.0E)-ECC*COSE)
CTA=(CUSE-ECC) /(1. 0EO-ECC*CUSE)
CAA=ATAN 2 (STA,CTA)

TBB=TAA+ ELRS (5)

CBA=COS (TBB)

SBA=SIN(TBB)
A(1,1)=¢CON®CUA~SIMECNL*SBA
A(2,1)=+SON®CBA+CION®CNI*SUHA
A(3,1)=+SNI*SBA
A(1,2)=-COM®SSA~SIN®CNI*CSA
A(2,2) =-SOM®SUA+CON®CNLI*CBA
A(3,2) =¢SNI*CUA

P=ELKS (1) * (1.0E0-ECC**2)
R=P/(1.0EQ¢ECC*CTA)

VE= ECC*STA®SQRT (XMUS/P)

VT=SQRT (XHUS* (2, 0BO/R~-1.050/cLHS (1)) -VR*VR)
DO 10 K=1,3
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X (K)=B*A (£,1)

10 X (K*3) =VE*A(K, 1) ¢VT*A (K, <)
RETURN

b END

h SUBROUTINE DEKIV (ELN,TIMz,IN,A,Ni,NC)
IMPLICIT DOUBLE PRECISION (A-ii,d-2)
COMMON /KOUNT/KOUNT (7)
DIMENSION ELN(7) ,FIME(1),A(1),Dx(7),XPDX(7),XHDX (7)
DATA DX/1.0D-9,1.0D-4,1.0D-4,1.00-4,1.0D0-4,1.0D-4,1.0D0/
DX (1) =ELN(1)*1.0D-4
KU=0
DO 20 KC=1,NC
IF (KOUNT(KC).EW.0) GO Tu 20
KU=KU+1
DO 10 KR=1,NR
IP (KC.EQ.7) 30 T2 5
T=TIME (KR)
CALL TRAPER (ELN, XPDX,NC, 1)
CALL TRAFER (ELN,XMDX,NC,1)
XPDX(KC) =XPDX (KC) # DX (KC) /2. 0DO
XMDX (KC) =XMDX (KC) =DX (KC) /2.0D0
5 K1=KR+ (KU-1) #NR
IF (KC.LE.b6) A(K1)=(FASTRG (XPDX,I,TN)-FASTRG(XMDX,T,TN))
* /DX (KC)
10 IF (KC.EW.7) A(K1) =1.0D0
20 CONTINUE
RETURN
END

SUBROUTINE REDUCE(KA,KB,KC,kv,KE,KF,KG,NC,NUMBER)
IMPLICIT DOUBLE PRECISION (A-H,)-2)
COMMON/KOUNT/KOUNT (7)

KOUNT (1) =KA

KOUNT (2) =KB

KOUNT (3) =KC

KOUNT (4) =KD

KOUNT (5) =KE )
KOUNT (6) =KF

KOUNT (7) =KG

NUMBER=0

DO 10 K=1,NC

IF (KOUNT (K) «NE.O) NUMBER=NUSBEL#1

10 CONTINUE
RETURN
END

SUBROUTINE ERASE (DX,DE,NC)

IMPLICIT DOUBLE PRECISION (A-d,0-2) .
COMMON/KOUNT/KOUNT (7) 4
DIMENSION DX (7),DE (7)

KU=0

Do 10 KC=1,NC
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DE (KC) =2
LF (KOUNT(KC).EQ.d) GO Tu 10
KU=KU+1
DZ(KC) =DX (KU)
10 CONTINUE
BETURN
END

DOUBLE PRECISION FUNCTION KANGE(ELN,T,TN)
IMPLICIT DOUBLE PRECISION (A-d,)-2)
COMMON/BIAS/BIAS

DIMENSION ELN(7) ,ELR (7),cL0 (7) ,RX(7)

CALL ELNELR (ELN, ELR)

CALL KADDEG (ELR, EL D)

CALL POSION(T,XSTAT,YSTAT,ZSTAT)

CALL OKSIT (ELD,RX,T,TN)

R2= (XSTAT—RX (1) ) **2¢ (YSTAT—aX (2) ) ##2+ (2STAT=RX (3)) *+2
BANGE=DS QRT (R2) +BIAS

BRETURN

END

SUBROUTINE ORDER (Y ,TIME,KMAX, LTHMAX)
IMPLICIT DOUBLE PRECISION (A-H,J3-%)

100 FPORMAT (/,244 RANGE DATA JUT JF ORDER)

101 FORMAT (/,20H KANGE DATA LN OKRUER)
DIMENSION Y (1) ,TIME(1)
DO 10 K=2,KMAX
TMAX=TIME (K)
TMIN=TIME (K-1)
IF (TMAXK.LT.TMIN) GO TO 20

10 CONTINUE
TYPE 101
kK ETURN

20 TYPE 100
TMAX=TIME (1)
DO 40 K=1,KMAKX
IF (K.GE.KMAX) 50 TO 50
JdS=K+1 J
DO 30 J=JS,KMAX
LTK=TIME (K)
TJ=TIME (J)
IF (TK.LE.TJ) GO TO 30
YK=Y (K)
Yd=Y(J)
TIME(K)=TJ
TIME(J)=TK
Y (K)=YJ
Y (J)=YK

30 CUNTINUE

40 CONTINUE

50 THAX=TIME (KMAK)
RETURN
END

R
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100
101

10

10

10

10

SUBBOUTINE OUT (A,NR, NC)
IMPLLCIT DOUBLE PRECISION (A-h,J-2)
FORMAT (1X,12(1PE10.2))
FORMAT (14 )

DLMENSLON A(1),B(12)
TYPE 101

DO 10 KR=1,NR

DO 5 KC=1,NC

K 1=KR+ (KC-1) *NR

B (KC)=A (K1)

TYPE 100, (8 (K) ,K=1,NC)
RETURN

END

SUBROUTINE THAFER(A,B,NR,NC)
IMPLICIT DOUBLZ PRECISION (A-ti,d-Z)
DIMENSION A (V) ,B(1)

DO 10 KC=1,NC

V0 10 KR=1,NR

K1=KR¢ (KC-1) *NK

B(K1)=A(K1)

RETURN

END

SUBROUTLNE TENPSE(A,B, NR,uL)
IMPLICIT DOUBLE PRECISION (A-i,Jd-2)
DIMENSION A(1) ,8(1)

DO 10 KC=1,NC

DO 10 KR=1,NR

K1=Ka+ (KC-1) *NK

K2=KC+ (KR-1) *N_

B(K2)=A(K1)

RETU&N

END

SUBROUTLNE ADD (A,83,C,NR,NC)
IMPLICIT DOUBLE PRECISION (A-d,2-2)
DIMENSION A(1),B(1),C(1)

po 10 Kc=1,NC

DO 10 Kik=1,NR

K 1=KR¢ (KC-1) *NR

C(K1)=A(K1)+B(K1)

RETURN

END

SUBROUTLNE SUB(A,B,C,N&,Nl)
IMPLICIT DOUBLE PRECISION (A-i,)-2)
DIMENSION A(1),B(1),C(1)

DO 10 KC=1,NC

DO 10 KB=1,NR

K 1= KR+ (KC=1) *NR

C(K1)=A(K1)=B(K1)
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10

10

20

30

s ETURN
END

SUBROUTINE MULT (A, B,C,NR,NS,NC)
IMPLICIT DOUBLE PRECISION (A-i,d-2)
DLMENSION A(1),B(1),C(1)

DO 10 KZ=1,NC

DO 10 Kk=1,NR

K1=KE+ (KC-1) *NR

C (K1) =0.0D0

DO 10 KS=1,NS

K2=KR+ (KS—=1) *N &

K3=KS+ (KC~1) #NS
C(K1)=C(K1) ¢A(K2) *B(K3)

RETURN

END

SUBROUTINE AVEKSE(BSAVE,,NX)
LMPLICIT DOUBLE PRECISION (A-H,d-2)
DIMENSION BSAVE(1) ,B(1)

CALL TRAPZR (BSAVE, B, NX,NX)
SCALE=0.0DO

DO 10 K=1,NX

K1=K+ (K-1) *NX
SCALE=SCALE*DLIG (B (K1))
SCALE=DEXP (SCALE/NX)

N2=NX®NX

DO 20 K=1,82

B (K)=B (K) /SCALE

CALL JVERSE (B, NX)

DO 30 K=1,N2

8 (K)=B (K) /SCALE

RETURN

END

SUBBROUTLNE JVERSEZ (A, NX)

IMPLICIT DOUBLE PHRECLSION (A-d,d-2)
DIMENSION A(1),L (100),H4(130)
p=1.0D0

NN=NX

N=NN

NK==N

DO 80 K=1,N

NK=NKeN

L (K)=K

M (K) =K

KK=NK+K

sLGA=A (KK)

DO 20 J=K,N

12=N% (4-1)

DO 20 I=K,N

1J=12+1

I¥ (DABS (BIGA) .GT. DABS (A(LJ))) 30 TO 20
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20

25

30

38

40
45
46
48
50

55

60
62

65

70
75

80

100

BIGA=A (1J)
L(K)=1

M (K)=J

CONTINUE

J=L (K)

LF (J-K) 35,35,25
KI=K-N

DO 30 I=1,N
KI=KI+N

HOLD=-A (KI)
JI=KI-K¢J

A (KI)=A(JI)

A (JI) =HOLD

I=M (K)

IF(I-K) 45,45,38
JP=N® (I-1)

DO 40 J=1,N
JK=NK+J

JI=JP+J

HOLD=-A (JK)

A (JK)=A(JI)

A (JI) =HOLD

IF (BIGA) 48,46,48
D=0.0D0

RETURN

DO 55 I=1,N -
IF(I-K) 50,55,50
IK=NKeI

A (LK)=A(IK)/ (-BLIGA)
CONTINUE

DO 65 I=1,N
LK=NK+I

HOLD=A (IK)
1J=I-N

DO 65 J=1,N
I1J=1J¢N

1P (I-K) 60,65,60
IF(J-K) 62,65,62
Kd=IJ-I+K

A (LJ) =HOLD*A (KJ) #A (LJ)
CONTINUE

KJ=K-N

DO 75 J=1,N
KJ=KJ*N

IP(J-K) 70,75,70
A (KJ) =A(KJ) /BIGA
CONTINUE
D=D*BLGA

A (KK) =1.0D0/BIGA
CONTINUE

K=NN

K= (K=1)

LP(K) 150,150,105
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105
108

110
120

125

130

150

L=L (K)
IF(I-K) 120,120,108
JQ=N* (K-1)
JR=N* (I-1)
Do 110 J=1,N
JK=JQ+J
HOLD=A (JK)
JI=JR+J

A (JK)==A (JI)
A (JI) =HOLD
J=H (K)

IF (J-K) 100,120,125
KI=K-N

DO 130 I=1,N
KI=KI*N
HOLD=A (KI)
JI=KI-K+J

A (KI)==A (JI)
A (JI) =HOLD
GO TO 100
RETURN

END

SUBROUTLINE SHADOW(T,X)

IMPLICIT DOUBLE PERECISION (A-i,d-2)
DIMENSION X(7) ,k (3,8),V(3,6),XM(0),XS(6)
DATA TOLD/0.DO/

CALL SUN (T, XS)

STEP=T-TOLD

CALL MOON (T, X¥)

TOLD=T

po 1 I=1,3

R(L,1)=X(I)

V(L,1)=X(I+3)

B (L,2)=K (I)-X¥ (L)

R (I,3) =X (L)-XS(I)

CALL SHAD(R,V,T,STEP)

HRETURN

END

DOUBLE PRECISLON PUNCTION AWJT (X,Y)

IMPLICIT DOUBLE PRECISION (A-H,0-%)

DIMENSION X(3), Y(3)

A=PNORM (X)

B=FNORM (Y)

ANG=DIT (X,Y) /A/8

ADOT=ARKTNS (180 ,ANG,DSQRT (1.0D0-ANG*ANG) ) *57.295779D0
RETURN

END

DOUBLE PRECISION FUNCTION DOT (X,X)
IMPLICIT DOUBLE PRECISION(A-H,0-2)
DIMENSLION X (3) ,Y (3)
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2000

- -

TN

DOT = X(1)*Y (1) + X(2)*Y (<) ¢+ X(3)*Y(3)
RETUKN
END

DOUBLE PRECISION FUNCTION FNJKM(X)
INPLILIT DOUBLE PRECISION (A-H,0-2)
UIMENSION X (3)
FNORM=DSQRT (X (1) #* 2¢ X (2) **2+X (3) #*2)
RETURN

END

SUBROUTLNE ITRATE(STEP,TINE,u&1,V1,F,K,KK,DT,R,V)
IMPLICIT DOUBLE PRECISION(A-H,0-2)

DIMENSION X1(3),R1(3,8),k(3,d),V1(3,8) ,v(3,8),RR(3),VVV(3),CB(20)

DIMENSION XS (6) ,XM (6)
COMMBON/XMU/XMU,RE, XJ2
COUNT=0. DO

C=XMU

Cn=3476.D0
ZRS=6.965D5

XK=1

F=0.D0

DT=0.D0

T=0.D0

LK=1

TOLD=0.D0

FOLD=0.D0

TOLDD=0.D0

f0OLDD=0. DO

NN=1

IF (KK.EQe.2) XK=-1
po 2000 1=1,8

DO 2000 J=1,3
R{J,1)=81(J,I)
V(J,I)=v1(J,I)

GO TO (1,2) ,K

Do 3 I=1,3
X1(I)=K(I,1)-8(I,3)
SEVA= ADOT (X1,R(1,1))
RFS=FNOKM (R(1,3))
RFE= FNOEM(R(1,1))
DELS= DARSIN(5500. D0O/RFE)*>57.2957795D0
ZKkE=6500.D0

GO TO 4

Do 5 1I=1,3

X1 (I)=8(I,2)-8(I,3)
SEVA= ADOT (X1,R(1,2))
RFS= FNORM(R(1,3))
RFE= FNORM(K(1,2))
DELS=DAKSIN (3476.DO0/RFE) #57.2957795D0
ZhE=3476.D0

GO0 TO 4

CONTINUE
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1"
12

21

41

ZRE=DSIGN (ZRE, XK)
SIG=DARSIN ( (ZRS*ZRE) /BRPS) *57.2957795D0
F=SEVA+DELS#XK*SIG—-180.D0

LF (DABS (F) «LE.0.2005D0) RcTURN
IF (COUNT.GT.100.00) GO TJ 11
GO TO (6,7).,LK

LK=2

NN=1

DT=-STEP

GO TO 8

IF (FOLD*P.GT.J.D0) GO TO <1
DT= (TOLD*FP-T*FOLD) /(F-POLD)
FOLDD=FOLD

TOLDD=TOLD

FULD=F

TOLD=T

T=DT

CALL FG(R1(V,1),V1(1,1),DL, B&,VVV,NN)
NN=2

TNEW=TIME+T

CALL SUN (TNEW,XS)

CALL HOON (TNEW,XH)

Do 10 1=1,3

K (I,1) =RR(I)

V(L,1)=VVV (L)

R(L,2) =RR (I)-XM (L)

V(L,2)=VVV (I)-XH (L+3)

R (I,3)=RR& (I)-XS (I)
V(L,3)=VVV(I)-XS (L+3)
COUNT=COUNT#1. DO

GO TO (1,2) K

TYPE 12

PORMAT (1HO,22HMAX ITERATLINS IN ITEk)
KETURBN

FOLD=FOLDD

TOLD=TOLDD

GO TO 9

END

SUBROUTINE SHAD(R1,V1,X, STEP)

IMPLICII DOUBLE PRECISION (A-t,U-2)

DLIMENSION R(3,8) .,V (3,8),81(3,8),V1(3,8),X1(3)
DATA IPFLAG/1/,IUPLAG/1/,iMFLAG/1/,LHUPLG/1/,
1¥LAG2/0. /,FLAG3/0. /

DATA IVPLAG/1/,LVUPLG/1/,PELAG/)e/ PUPLAG/0./
1F (STEP.EW.0.D0)&ETURN

CONTINUE

DO 4 1=1,3

X1(I)=&1(L,1)-R1(I,3)

SEVA=ADOT (X1,R1(1, 1))

RFS=FNORM (R1(1,3))

RPE=FNORM (R1(1,1))

DELS=DAKSIN (6500.D0/RFE) #57.295779500
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301

302

1000

304

300
303
310

30

901

902

3000

IF (SEVA-90.D0) 300,300,301

4RS=6.965D5

LKE=6500.D0
ZPSIG=DAEKSIN ({ZRS* ZRE) /RF3) *57.4957795D0
PS=SEVA+DcLS+4PSIG-180.D0

IF (PS) 300,302,302

FLAG=1.D0

IF (IPFLAG.NE.1) 530 TO 1000

K=1

N=1

1PFLAG=Z

KK=1

TYPE 5

FOXMAT (/,1X, *SATELLITE ENIELED EAuTHd PENUMBRA?')
GO TO 20

CONTINUE
ZSIGMA=DAKRSIN( (ZRS—-2RE) /aFS) *57.2957795D0
FS=DELS-ZSIGMA#5EVA~180.00

LF (FS) 303,304,304

FLAG1=1.D0

IF (IUFLAG.NE.1) GO TO 310

K=1

LUFLAG=2

N=2

KK=2

TYPE 7

FORMAT (1X,°*SATELLLITE ENTEdtV ZARTH UMBRA?')
GO TOo 20

FLAG=0.D0

FLAG1=0.D0

Do 30 1=1,3

X1(L)=R1(L,2)-R1(L,3)
SEVA=ADIT(X1,81(1,2))

IF (SEVA~90.D)) 2200,2000,991

ZRS=6.9650D5

ZRE=3476.D0
ZPSIG=DAKSIN ((ZRS*ZRE) /RFS) *57.2957795D0
DELM=DARSIN(3476.D0/FNORM (K1 (1,2)))*57.2957795D0
FS=SEVA¢DELM+ZPS1G-180.D0

1LF (FS) 2000,902,902

FLAG2=1.D0

IF (IMFLAG.NE.1) GO TO 30030

K=2

IMPLAG=2

N=3

KK=1

TYPE 8

FORMAT (/,1X,*SATELLITE ENTExED MOON PENUMBRA®)
GO0 TO 20

CONTINUE

ZSIGMA=DARSIN((ZRS-ZRE) /&¥S)*57.2957795D0
PS=DELM-2ZSIGNMA+SEVA-180.D0

LF (PS)2001,904,904
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904

2000
2001
2010

12

1

13

14

16

15
18

20

FLAG3=1.D0

1F (IMUFLG.NE.1) GO TO 2010

K=2

INMUFLG=2

N=4

KK=2

TYPE 9

FORMAT (1X, *SATELLITE ENTE#bD MOUN UMBRA®)
GO TO 20

FLAG2=0.D0

FLAG3=0.D0

CONTINUE

LF (IPFLAG.NBE.2.0R.FLAG.¥E.0.DO) GO TO 11
TYPE 12

FORMAT (1X,*SATELLITE LEFT bLARTH PiNUMBRA®)
K=1

N=5

KK=1

LPFLAG=1

GO TO 20

1P (IUFLAG.NE.2.0R.PLAG1.NE.V.D)) Gu TO 14
TYPE 13

FOBRMAT (1X,*SATELLITE LEPT LAKTH UMOKA®)
KK=2

N=6

K=1

LUPLAG=1

GO TO 20

IF (IMFLAG.NE.2.0B.PLAG2.NE.V.D)) GO TO 15
TYPE 16

PORMAT (1X, "SATELLITE LEPLY hOON PENUMBRA®)
KK=1

K=2

N=T

IMFLAG=1

GO TO 2) '

IF (IMUPLG.NE.2.0d.PLAG3.KE.J.DJ) GU TO 505
TYPE 18

FORMAT (1X,*SATELLITE LEFT #00M UMBRAY)
K=2

N=8

KK=2

IMUPLG=1

CALL ITRATE(SIEP,X,R1,V1,FS,&, K&, DT, R, V)
TIN=X+DT

HJD=IDINT(TLIM/86430.0D0)+40587
TSEC=DMOD(TIN,B86400.0D0)

MH=TSEC/ 3600.JD0

MM=DMOD (TSEC/60.000,60.0DJ)
SC=0UMOD(TSEC,60.000)

FORMAT (6H MID =,1I6,4X, 124 Ha/0IN/S5EC=,12,14/,12,1H/,P6.3)

TYPE 6,4JD,M4H,M8,5C
GO TO (1000,310,3000,2010,11,14,15,505 ),N
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505 CONTINUE
RETUKN
END

DOUBLE PRECISION FUNCTION DAaSIN (X)
IMPLLICLIT DOUBLE PRECISION (A-H,0-2)
C=DSQRT (1. DO~k *X)

DARSIN=DATAN (£/C)

KETURN

END

SUBROUTINE PG (X,V,DTF,XT,VI,K)
IMPLLICIT DOUBLE PRECISION (A~H,0-2)
DIMENSION X(3),V (3),XT(3),Vi(3)
LF (K.GT.1) GJ To 1
U=398601.500
R2=X (1) %X (1) +4 (2) *X (2) +X (3) *X (3)
V2=V (1)%V (1) +V (2) XV (2) +V (3) *V (3)
R=DSURT(R2)
&3=R2*g
Uo=U/R3
PO= (X (1) *V (1) ¢ X (2) *V (2) +X (3)*V (3) ) /u2
0= (V2-R2%00) /B2
F2=-00/2.D0
F3=U0%P0/2.D0
F4=(3.D0*U0*Q0-15. DO*UQ*20* ) +UI*UD) /24.D0
G2==00/6.D0
G 3=00% PO
1 CONTINUE
DT2=DT*DT
DT3=DT2%DT
Do 2 1=1,3
KT (I)= (1.D04F2*DT2+F3%DT3) #X (L) + (UT+G2*DT2) *V (I)
2 VT(1)=(2.D0*FP2*DT+ 3. DO#F3%DT2+4. DO*FU*DT3) *X (I)
14 (1.00+3.D0%G2*DT2+G3*DT3) *V (I)
RETURN

END

121




REFERENCES

! 1. Bryson, A. E. and Ho, Y. C., Applied Optimal Control, Blaisdell
Publishing Company, Waltham, Massachusetts, 1969.

F 2. Willey, R. E. and Pisacane, U. L., "The Motion of an Artificial
Satellite in a Non-spherical Gravitational Field With a Quadratic
Scale Height,'" Technical Memorandum, TG1236, Johns Hopkins
University, Applied Physics Laboratory, Silver Spring, MD 20910,
January 1974.

3. Kaufman, B., TRIP (TRajectory Integration Program), NRL Report
No. 7436, July 18, 1972.

)
i
i
#US. GOVERNMENT PRINTING OFFICE: 1978  261-250/105 1-3 122 }




