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THE ORBIT DETERMINAT ION 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 subsequen tly maneuvered into its final configura tion.
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 coas t between orbi tal injec tion
and the firing of the P104. 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 (31 indicate
the pre—launch nominal synchronous coast orbit and the orbit actuall y
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 encoun tered in the rang ing sys tem at this t ime and
roughly 50% of the data had to be discarded.

3. Pre-AKM Transfer Orbit:

At the second peri gee after PKM a twenty minute hyrazine burn
occurred which boasted the apogee height an addi tional 10,000 km.
This was a highly eccentric coasting trajectory and was visible
from Blossom Po int for a per iod 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 solu tion 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-
major axes to 125,000 km.

Note : Manuscript submitted .June 7, 1978.
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Description of the Orbit I)etermination Process

A l inear , mul t is tage , stochastic process may be described by [see
Ref. 1 ]

X .  ‘~~~1i . X . + F . W .
i+ l  1 i 1 1 (1)

p = nunber of measurements
n = dimen sion of state vector

where x 1 is a n x 1 matrix denoting the satel l i te  position state vector
at stage i, 4 j  is the state transition matrix which describes the
evolution of x from the stage i to i + 1. r 1 is a known n x r
matrix and wj is a known r x I matrix where r is the number of
statistically independent components of the driving noise.

The estimate of the state x1 due to a set of measurements is
given by

= + K . ( z .  - H. 
~~
.) (2)

1 1 1 1 1 1

where j~ is the estimate of the state before the inclusion of the
1 . .measuremen ts , K~ is the proportionality matrix or gain , Zj  denotes

the actual_measurem ents , and are the pred icted measurements
based on x1.

K. = P . H~ R 1 (3)
1 1 1

— l
P. (MT1 + H~ R 1 H.) (4)

1 1 1 1

— l
P . = M. - M. H~ (H. M. H~ + R.) H. M. (5)

M. = ~~~. P. ~fi~ + I’. q. (6)
i+l  1 1 1 1 1 1

H. . is the sensitivity matrix and is the sensitivity of the 1th
m~Asurement with respect to the 

jth component of the state vector.

M. is the covariance of the error of the estimate before the
measur~ments. P1 is the covariance of the error after the measurement.
R. is the ~neasurement weighting matrix. Eq. (5) represents the well
k~kown matrix inversion identity. If p < n Eq. (5) is advantageous as
the dimension of the matrix quantity (H~ M. H~ ÷ R.) is p xp. If the
measuremen ts are processed one at a time th~ q~Ianti~y is a scalar s in~e
p = 1. On the other hand if p ~, n Eq. (4) is used as (M~~ + H~ R H

1)
is always of dimension n x n. The components of the proces~ nois ~ are
deno ted by q1.
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The state transition matrix ~ takes on the following simple
form in the (n, f , rì, i , 0, U) coordinate system.

1 0 0 0 0 0

o 1 0 0 0 0

O 0 1 0 0 0 (7)
=

1
0 0 0 1 0 0

0 0 0 0 1 0

(t. -t. ) 0 0 0 0 1
1 i— l

where

e cos w

= = 
e sin u

j  j  (8)

0 0

U

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 W’
in Eq. (

~ 
) as the tracking covariance matrix (Ht R 1 H) ’ 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 ’ = 0 and Eq. ( 4) becomes
1 —l

— P. = (H~ R L H.)
1 1 1 1

3



— 1
K. = P. H~ R. (9)

1 1 1 1

x. = x. ÷ K.[z. - H . x .] (10)
1 1 1 1 1 1

Eqs. (9) and (10) represent the nor mal 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 f i t  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 advantageou s
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 3).
The routines that make up the entire program are constantly being
updated to improve their efficiency.
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Orbital Perturbations

The numerical orbit prediction module was desi gned to be as
accurate and fast as possible yet minim izing the requi red program length
since it was to operate within the limited space of the NRL PDP-l0. The
force field was modeled to include the leading zonal harmonics J2 , J3,
J4 and the lunar and solar effects. An analytical ephemeris was provided
to give the lunar and solar position as a function of time . So]:ir
radiation pressure was also included . The physical constants used in
the program are as follows :

Earth gravitational constant 398601.5 km 3/sec2

Earth radius 6378.1 35 km

1.08265 x

-2.5450 x 10-6

-1.6715

Lunar gravitational constant 4902.7 km

Solar gravitational constant 1.3271545 x /sec2

Solar radiation pressure at 1 A .U.
assuming no reflectivity 4.7 x 10-6 newt..rns

meter2
Satellite area 2.25 meters2

Satellite reflectivity 0.6

Ellipticity of earth 0.0818188108

Coord inates of tracking antennae
at Blossom Point , Maryland :

Geodet ic latitude 38.4314 deg .
long itude 282.9135 deg .
altitude -0.0247 km.

The orbital elements are referenced with respect to the mean equator-
of-date coordinate system. An analyt ical 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 whereas
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 .

Al though atmospheric retardation effects are not important in the
SOLRAD-HI mission , the program does incorporate an atmospheric model.
This is described in reference (2).
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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 thi — . routine is nearly self explanatory . The program may he
executed on the NRL PDP-1O by entering the command “ RUN LOAD” . The
first message to appear is:

! . N H S R  TUE N AME OF THE ASCII OUTPUT FILE. THIS CAN BE 11-I F INPUT FILE TO
ITIill R TUE 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 he required by the orbit determination program .

ENT E R 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 MOD IFIED JVLIAN DATE - 1J5 )

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

ENTER HOURS, MIN, AND SEC AS I-IHMMSS.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?
Type “R” or “K”

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

FEET OR KILOMETERS
Type “F ” or “K ”

The Car tes ian state vector may be entered in terms of feet or kilometers .

ENTER X IN KILOMETERS - (FEET) - F20 . l 0 )

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

ENTER Y

——_ _ _ _ _ _  - 
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ENTER Z

ENTER XD IN KILOMETERS/SEC (FEET/SEC)

Enter the inertial X component of the satell ite’s velocity.

ENTER YD

ENTER ZD

PERTURBATION PARAMETERS ARE 100011

ANY CHANGES?

The six perturbation parameters are J , J3, J , drag , solar , and lunar
forces respectively. “1” means inc1u~ed - “0~ mean s excluded . 100011
means that the effects due to J , the sun and moon are included . If
more or less perturbat ions are ~o be included enter “Y” for this query
in which case the following six additional queries wi l l  appear.

INCLUDE J2?

If the leading zonal harmonic J2 is to be included in the orbit
prediction process type “Y”.

INC LUD E J3?
INCLUDE J4?

INCLUDE DRAG?

If atmospheric drag is to be included type “Y”. This is automatically
deleted from the perturbat ion model for all orbits above 7000 km in semi-
major axis.

INCLUDE SUN?

INCLUDE MOON?

Normally the lunar and solar effects wi l l  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 . Il, M+w , and BIAS. 111 1110 means
that all components are determined except the range bias: By entering

S 
“Y” to this query fewer or more components may be fitted. Then the

7
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fol lowing additional seven queries wi l l  appear :

SOLVE FOR SEMI-MAJOR AXIS?

SOLVE FOR e cos (u ) ?

SOLVE FOR e sin (w) ?

SOLVE FOR INCLINATION?

SOLVE FOR NODE?

SOLVE FOR M+u?

SOLVE FOR RANG E BIAS? 
S

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 .

4
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Table ( 1 )  Sample Output of the Program LOAD
:.AT = ::P1 1A A = 125300. ItO X = 115563. 90
FIJD = 4.751i:3 E = 0. 0002 000 ’: ’ Y = —38:391.2:3
T~:Ef:= 50723.210 I = 27.51:100 Z = — 23 915 .4 5
r-10B-:= I) MODE= :3.50 0 XD 0.6791:356

= 0 . 0 0 0  PEPI= 205.00’:’o ~D = 1.4867899
BIA- : = 0 .000  MEAM= 125. oo’:’ o ZD 0.7132165
FIP~ T 1 40587 T~ EC= 0.000 RMI3 = 0. 00
LA ::T 1 40537 T3EC = 0 . 0 0 0  PHI3 = i:. 00

COVAP I~~MC E MATRIM
Ii E coc: (I,J~ E S IH’ I .’.I.’ I tIDDE ri÷i .i

1. 000 E— 18 i : .  :‘OOE—’:’1 0. 000E—01 0. 000 E—0 1 I;. i:lc IoE— rj 1 0. 000E—01
Ii. 000 E— I’ l 1. 000E—1t9 0. 000 E—01 0. 000 E—01  1’ . 0 O u i E — 0 1  0. 00 0 E— 0 1
0. 000 E— U l  0. OuO E— O 1 1. UO r’E—09 i:. 000 E—0 l  0. 000 E—01 0. 000E—01
0. 000 E—f ’ l 0. 000 E— 01 ci . 000 E—01 1. 000 E— :’7 Ii . UOO E— 01 0. 000 E— ,:’ l
0. 0 0 0 E — 0 1  0 . i : I OO E— o1 Ii. 000E—01 ii . 000E—01 1. 000E—07 0. c’OOE—Ol
0. OO IJE—01 0. 000 E—1 ’ l 0. Ii,io E— fj l 0. O IJO E— 0 1 Ii . 0’~0E—01 1. 000 E—0 7
Ci . 000 E—0l  0. 000E—01 0. IJ UO E—01 0. 000 E— O i  0. 000 E— 01 0. 000E—01

PEFTIJFE:AT IDFIC = 1 Ci i’ Cii 1 t4D~4— F I~~Et’ PAFAM ETE PC = 111111’ :’
E MD

S 9

4
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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: XXXXX X .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 VECTO R

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

FOR ALL QUERIES “P’
“Y” - Yes
“N” - No
“5” - 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 IN FORM: HHMMSS.SSS

I
I
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i.e., enter “070926.214” for 7 hr 9 mm 26.214 sec.

The program responds with (for example)

YR/DAY = 77/320 H/MIS = 7/9/26.214

RANGE RATE = 0.20322 km/sec

PREDICTE D 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. “l251i~ .9”

DIFFERENCE = -0.29 KM

O.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
1 4:3411 17933.34:3 1219 17.797 —1: 3.71
2 4:3411 17958.859 121911.052 —18.72
3 43411 25664.599 1200:30. 45:3 —22. 03
4 4:34fl 25690.192 120025.057 — 21.90
5 4.3411 32802. 015 11875:3 .1:1:38 — 24.93
6 43411 :32:327.597 118749.590 —24 .89
7 43411 41997.287 11:3089.597 —28.65
:3 4:3411 51111.260 112678.82.9 —:30.2 ,4
9 4.3411 511:36.344 11:3681. :3:37 —30.70

10 43411 5:3564.527 120000.624  —: 30 .58
11 43411 65956.11:3 121237.15:3 — 2 9 . 0 2
12 4:3411 65981.622 121843.59:3 —29.49
13 4:3412 4 :3890.749 122446.18 1 —2.54
14 4:3412 42 .916.:335 122440.735 —1.65
15 43412 .5894:3.265 120059.234 1.71
16 43412 58968.846 120057.824 1.41
17 4:3412 63099.34 0 120O47 .~392 — 0 . 5 5
12 4:3412 63124.852 120048.141 —0.75
19 4:3412 70759.595 120879.466 0.48
20 4:3412 70725.186 12028:3. 2.5.3 —0.15
21 42.412 78907.740 122796. 039 1.41
22 43412 78933.322 122802.784 0.8:3
23 43413 74528.027 123596.934 23.37
24 4:341-3 74553.644 122593. 1:37 22.77
25 4:341.3 :3,3.333. ’~1j-3 122025.680 19.89
26 43412 :32.359.439 123025.235 19.96
27 43414 4707.618 12:3:375.3:3:3 15.27
28 4:3415 2487.473 122484.704 —9.79
29 43415 2513.054 122479.158 —8.09
30 4:34 j 5 9:399.778 120758.799 :34.46
31 434 15 18560.154 1 i97 61 .24 C ’  — 1 0 . 9 8
33 43415 1 8585.733 119760.490 —10.92

12
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PROGRAM GENER

This program generates a sa te l l i te  position ephemeris us ing  as
input either the output file from the program LOAD or the output 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

- 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 satell ite by the earth or
or moon (if any) w it hin the selec ted time
period. Four t imes are given for each
ecl ipse , the beg inning of penumbra and umbra
and the end of umbra and penumbra passage.

EPHEMERIS GENERATION: The selection of option “C” initiates the
S - 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

S past each hour instead of two minute
intervals.

13
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UPDATE STATE VECTOR : Option “F)” allows the user to update the
orbital element s 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 he

listed on the teletype and/or disk file at
specified intervals,

ENTER ASC I I  F I L E  NAME OF INPUT VECTOR

Enter the 10 character f i l e  designat ion containing the s ta r t ing  s tate
vector and epoch. This must be entered in the form X X X X X X . E X T .

ENTER ASCII  FI LE NAME OP OUTPUT EPHEMERIS

Enter the 10 character file designat ion 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 “SRllA” ARE

The state vector will be listed at this point .

ENTER MOD .JULIAN DATE OF START TIME

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

ENTER HOURS ~ MIN IN FORM HH?+1

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

MOVE STARTING POINT BY X . X X X X  DAYS

Normally the star ting point of the ephemer is may be several hours ahead
or behind the epoch time . This message only confi rms this. The program
may be terminated at this point if any input error has been made .

INITIAL STATE AND EPOCH FOR “SRIlA” ARE

The new starting state vector will appear.

ENTER MO D IF I ED .J(JLIAN DATE OF STOP TIME

14
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ENTER HOUR S & MIN IN FORM HHMM

INTEG RATION TIME SPAN X.XXXX DAYS

This message confirm s the integration time span . Remember 95 blocks/day
are required to store the ephemeris fi l e .  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 RE VE RSE 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 .

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

::AT OP11 B M.JD 43399 LAT 18.42 LON 351.82 PHG 121253.46 121049.56
L~ P BLMPT 87.7 25.0 121461.38 ITALY 219.0 58.3 I N D I A  283.9 12.4
GMT 1101 —375586.6 67713.9 12645.7 —0.986410 0.150739 0. 065362
NIH 661 -101491.7 60033.1 39268.0 —1.027696—1.346648—0.598549
11TH 663 -101614.9 59871.4 39196.2 -1.025165—1.348142—0.599526
NIH 665 —101737.7 59709.5 39124.2 -1.022632—1.349631—0.600502
11114 667 —101860.3 59547.5 39052.0 —1.020096—1 .351117—0.601476
NiH 669 -101982.6 59385.2 38979.8 —1.017556-1.352599-0.602448
N I H  671 -102104.5 59222.8 38907.5 -1.015013—1.354076—0.603418
NIH 673 —102226.2 ~qo6o. -3 38835.0 — 1.012468—1.355550—0 .604 :387
NIH 675 -102347.5 58897.5 38762.4 — 1.0099 19— 1.357020— 0.60535 3
NIH 677 —102468 .6 58734.6 38689.7 —1.007367—1.358485—0.606318
NIH 679 —102589.3 58571.5 38616.9 —1.004812—1.359947—0.607282
NIH 681 —102709.7 58408.2 38544.0 -1.002354—1.361413—0.608261
MIP4 683 -102829.8 58244.7 38470.9 -0.999793—1.362867-0.609221
NIH 685 -102949.7 58081.1 38397.7 -0.997229-1.364316—0.610179
NIH 687 —103069.2 57917.3 38924.5 —0.994662—1.365761—0.611134
MIN 689 —103188.4 57753.3 38251.1 —0.992092—1.367202—0.612089

:AT ~R11B MJD 43399 LAT 17.89 LON 345.77 P116 120822.20 120628.84
L~P BLMPT 92.0 29.5 121020.79 ITALY 227.7 54.7 INDIA 285.4 6.8
GMT 1131 —375813.2 65974.4 12058.5 -0.986469 0. 150419 0.065223
NI H 691 —103307.3 57589.2 38177.6 —0.989520—1.368639—0.613041
NIH 693 -103425.9 57424.9 38103.9 -0.986944—1.370072—0.613991
11TH 695 —103544.1 57260.4 38030.2 —0 .984366— 1.37 1501—0.614940
NIH 697 —103662.1 57095,7 37956.4 -0.981784—1.372926-0.615886
NIH 699 —103779.8 56930.9 37882.4 —0.979200—1.374346—0.616831
MIH 701 -103897.1 56765.9 37808.3 —0.976613—1.375763—0.617774
NIH 703 —104014.2 56600.7 37734.1 —0.974023—1.377175—0.618715
11114 705 —104130.9 56435.3 37659.8 —0.971430—1.378583—0.619654
NIH 70? —104247.3 56269.8 37585.4 —0.968834—1.379987—0.620592
NIH 709 —104363.4 56104.1 37510.9 -0.966235—1.381387-0.621527
NIH 711 -104479.2 55938.3 37436.2 —0.963633—1.382783—0.622461
NIH 713 —104594.7 55772.3 37361.5 —0.961028—1.384175—0.623393
NIH 715 -104709.8 55606.1 37286.6 —0.958420—1.385562—0.624323
NIH 717 —104824.7 55439.7 37211.7 —0.955810—1.386946—0.625251
NIH 719 -104939.2 55273.2 37136.6 —0.953196—1.388325—0.6261??
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Table (5)
Table (4) Eclipse option. Alert option.

.RTELL I TE ENTERED EARTH PENu MB RA :P I I B  F ’I :E TIME
MMI = 4342 8 HR’MIN’IEC= 5~~ll ’2 :3.818 4~41j1j I6HF 8MIN
:A T E L L I T E  LEFT EARTH PE N uJMB PA
f1JD = 43428 H P - M I N ’~ EC 5-’17 50. 350 :P 11B :ET TIME

434(11 3HP 13MIN

~A T E L L I T E  EN TE R E D MOON PENI JMBPA
M J D = 43428 H P J M I N ’~:E C = 1 1 - 2 5 ’53.602 :.P 11B P I L E  T I M E
ATELL lIE LEFT MOON PE14~JMBR A 43401 22HP 31MIN

MJD = 43428 HP~ f 1IN .’ EC=12/ 36S’46 . :335
P11F ::ET TIME

:ATELL ITE ENTERED EARTH PENUMBRA 434 1i2 l~MR 4611lr4M iD = 43433 H P / M I N ’~ EC 9” 3’28.662
‘ATELLITE ENTERED EARTH IJMBPA ;F’IlB PIOE TIME
MJD = 43433 HR’MIN’OEC= 9/22/10.134 4341i3 1HP 24M1N
ATELL lIE LEFT EARTH IJMBPA

M.JD = 4343:3 HR/MI14 : EC=10/16-52.792 ~P11B :ET TIME

~ATELLITE LEFT EARTH PE14’JMBPA 4341i3 18HP 3’~MIN
MiD = 43433 HP’MIN :EC 10 35’34. 182

P11B P1:~E TIME
434 1i4 6HP 5511111

Table (6) List option.
A = 125091.2610 x = —101491 .71000 XLAT = 18.4184
E = 0. 00645635 ‘-? = 61i033. 06980 ~LDN = 351.8231
I = 27. 3292 2 = 39268. 04980 FCAL = Ij
‘lODE = 9.5158 XD = —1.027695’~0 MiD = 43399
PEPI = 138.2987 YD = —1.34664790 H’M”~. = 11/01’ 0 .00
MEAN = 358.2364 ZD = —(‘.59854850 ~TEP = 2767. 0304

A = 125119. 1870 x = — 108333 . 19400 XLAT = 16.2384
E = 0. 00668185 ? = 50031.69080 XLON = 327.5566
I = 27. 3306 2 ~ 34754.87770 FCAL = 8
NODE = 9.5130 :- ri = — 0. 37 10 17 2 2  MiD = 43399
PEP! = 137.2624 VII = —1.42901762 H-N- -:. = 13 01’ 0.00
MEAN = 5. 1466 ZD = -0.65398462 :TEP = 3600.0000

A 125143.0360 1~ —114011.99300 XLAT = 13.90:45
E 0.00689160 V = 39492.17850 XLOH 303.1581
I = 27.3324 2 = 29867.58970 FCAL = .9
NODE = - ‘ .SlOS :•:D = -0. 70502405 MiD = 4:3399
PEPI z 136.2493 YD = -1.49599279 H ’ M’  = 15-01’ 0.00
MEAN 12.0290 ZD = -0.70237432 IEP = 3600.0000
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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 in i t i a ted  by
entering “ RUN DIFFCR” on the terminal. S

ENTER NAME OF THE FiLE CONTAINING THE RANGE MAGNITUDE DATA

Enter the 10 character f i l e  desi gnation of the range magnitude data ,
i . e . ,  “AB IRD .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 w ill be generated
using the program LOAD.

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

The state vector as referenced to the beginn in g of the da ta span w i ll be
recorded in an ASCII fije 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 orb it 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 f itt ing 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 w ill 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 ass igned to that point. The data points are numbered
sequent ially 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 . S

EDIT 0-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

_ _ _ _  - 
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ENTER DELETION THRESHOLD - FJO.3

Here the user must enter the delet ion threshold. For example , if the
RMS for a batch of data is 2.5 km and 5.0 is entered , then al l  range
observat ions having a res idual greater than 5.0 km will be deleted .
The same bad data points must be deleted at each iteration of the
dif ferent ia l  corrections procedure.

LIST THE STATE VECTOR “AB IRD .STA ”?

The new estimate of the state vector at the end of each iterat ion may be
listed on the line printer by typing Y. In either case it will be
wr itten 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 correc tions procedure has converged to a satisfac tory S
solution the iteration procedure may be terminated by typing “N” . If
“Y” is entered another iteration will be computed . Normally four to
f ive  iterat ions are necessary for convergence to a suff ic iently accurate
state estimate.

COMPUTE TRACKING COVARIANCE MATRIX AGAIN?

If the initial vector is sufficient ly accurate this matrix need on ly be
computed once and “N” will be entered on the keyboard . If however each
successive iteration produces a state vector sufficiently different from
the prev ious iteration this quantity may be recomputed by enter ing “Y” .

UPDATE EPOCH TO TIME NEAR LAST OBSERVATION?

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

a time sequentially.

LIST THE STATE VECTOR “ABTRD .END”

The updated state vector and covariance matrix may be listed on the l ine
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 S

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
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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 f i le
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 .

r 21
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PR OGRAM BA’ICH S

This is a simplified version of the orbit determination program.
A f t e r  the user answers several i n i t i a l  queries the program runs to
completion wi th  no add i t ional  interact ion wit h  the user . This program
may be initiated by entering “RUN BATCH ” on the terminal .

ENTER NAME OF THE FILE CONTIN ING THE RANGE MAGNI’IUDE DATA

Enter the 10 character file designation of the range magnitude data,
i . e. ,  “AEIRD.RNG”.

ENTER NAME OF THE FILE CON TAINING THE INPUT ~:TATE V ECTOR

This file will be the a—priori orbital state vector as required by the
orbit determination program. The ASCII file referre i to 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 stat e veetor w i l l  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 r~ew batch of range data
be processed .

ENTER STARTING OBSERVATION NUMB ER

ENTER STOPPING OBSERVATION NUMBER

The program will  run to completion af ter  enter ing  the above query .

22
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Table ( 7). Sample output of the orbit determination program.

TA I~ ‘-, p DAY HP riri :Ecoriri pAr4I~E~~~M: 0—C KM F’  v

70 77 277 4 22 m,~-3o 12 0 1 73 . 3 :5  o.~~~s 4 .l~ -
71 77 277 6 59 46.279 120744.259 — 0.~~20 4 . 1:14
72 77 277 7 ‘:‘ 12 .200 120 748.::06 — f ’ .125 4 .04

7 7  277 -
~ 53 3:3.27A 122895.121j - 2 .5~~9 3. °l

74 77 277 ~ 54 4 .236  12290 1.365 —fi .4~~5
75 7 7  278 :- 23 ~ .:304 121790.235 — 0 . 3 1 8

~‘7 27~ 
- 

~ 41~ 12 17? - 41’ — ‘ I  ‘ ‘  -

7 77 279 E, :3 27.149 119329 .347 0.~ - °1
7:3 77 278 5 :3 52 .684 119384 .4111 0.676 3. ir~
79 77 278 1(1 ~~~~ 13 .43 3 118129 .020 11.656 ••••• 4

77 278 10 39 3’~~.040 118129.469 10.942 •....• S

81 71 272 13 21 4 0 . 73 3  1192:39.451 1’:’ .094 ......
:32 77 278 13 22 6.269 119243.798 9.9~~1 ••.•••
8:3 77 278 16 27 52.809 121745.4 16 — 0.2 6 9 2.75
84 77 278 16 29 52.432 121776.894 0.165 2.74
85 77 278 16 :30 17.968 121783.490 0.129 2.74
86 77 272 16 37 0.429 1218:37.56:3 -0.4°7 2.74
87 77 272 16 37 25.939 121:394 .863 0.039
88 77 279 9 55 53.161 122641.495 — 2 . 154 2.24
89 77 279 12 16 5.753 12117E.fI .592 -0.570 2.18
90 77 279 12 18 4:3.871 122731.212 1 999.296 •.....

77 279 12 33 4.74? 120579.573 —11 .506 2 .18
92 77 279 12 353 30. 32.3 120575. ?2E. —11 .4:30 2.1 :3
93 77 279 17 1 17.10 1 119957.304 1.347 2.07
94 77 279 17 2 32.534 119964.549 O.4~ 1 .3.07

~SAT PI1A A 124875.01 :~ = 124193.52
MiD = 4-3425 E 0.1:1044560:3 7 2491 80
T8EC= 2 5260 .000  1 = 27 32~ 4 = —~~~‘0~~ ~~f;
MDB~2= 37 t~0DE= 9.0.366 >t’ = 0.016 1565

= 0.775 PEPT= 42.7876 YtI = 1 .5952988
BIA~ = 0 . 0 00  MEAM= 303.8517 ZD = 0. :313 2601
FIPC.T 70 4342 0 T~. EC= 16133 .2.3 1.’ PMI5 12 0 173 .30
LAS T 112 43425 T:EC= 2:3343.913 PI1’~ = 12199~~.49

PEPTUPFPT ION’~ i’:’nnii r1OM—FI:’~ D PPPRMFTEP~ = 1 11111 0
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Orbital Rang ing Data and Solut ions

In this sec tion the ranging data and respec tive solutions for the
early port ion of the miss ion will be presented. Listed immed iately
below are the pre- launch nominal , Standard Orbital Parameter Message
(SOPM), and the best sol ut ion obtained by us ing the ran ging 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 .

Tabl e ( 8 ) Pre-launch Nominal Synchronous Arc

A = 42747.86 X = -27868.34
H = 0.01344603 Y = -29851.15
I = 25.1831 Z = -10539.28
NODE = 13.6786 XD = 2.29915 57
PERI = 210.1283 YD = -1.7756603
MEAN = 5.6798 ZD = -1.0668875
MJD = 42852 HIM/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 ZD = - 1.06732072
MJD = 42852 HIM/S = 8/31/40. 24

Table (10) Final Solution
A = 42721.8002 X = -27825.81610
E = 0.0133412 1 Y = -29860.66150
I = 25.1917 Z = -10539 .26070
NODE = l3.7 2~8 ZD = 2.30139433
PERI = 210.2434 YD = -1.77360111
MEAN = 5.5764 ZD = -1.06731634
MJD = 42852 H/M/S = 8/31/40.24
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Table (11) Range magnitude data for the synchronous arc .

TA I~ ,-~p p~
-
~ HP Mt4 -3EC: PAN’~E L i— C

1 76 75 12 55 48.117 4(’ 06G .96 1.’ —1 .7 90
2 76 75 j53 34 11.627 41.1031.1413 0.1.70
3 75 75 13 34 37.61 2 400.311.540 1~.4 76 75 14 534 59~ 397 ~924 1.22r, —2 .24 1’
5 76 75 14 :35 25.375 39:339.421., —i : . 070
6 76 75 14 36 25 .352 39835 .52 0 0 . 3 713
7 76 75 14 15.688 39:322.481., — (1.420
:3 76 75 14 39 41.6~ 7 39~ 20. 780 —11 .05(1
9 7~. 75 14 40 49.066 39816. o~~o 0.220

10 76 75 14 41 14.604 3~ 91 3.7~~1~ — 0.2111
11 7’~ 7~’ ~~ :7 ‘~‘2 ~ 1i5 ~~iifl — 13 :~~~fi
12 7~

. 
~5 15 ~~~ 3

~~~~53 5S3 :.~~~~ç, l’s ’:’ —11 .250

13 76 75 16 45 29.42:3 39058 . :1f, — 1 .  ~~ fl

14 ~~ 7~ 1~. 4~ ~~~ 4111 :~~ç(c~4 711’ —ui ~~~~ fl

15 ‘
-
~~~

. 5 1~ . 4 ¶‘.1c~ ~~04e..,70 —0 .114U
16 7~. 75 1~ - 47 31.175 39048.770 0.040
17 76 75 15 43 46.659 3.~ f~35 1.18(1 (1.23 1,
18 76 75 15 ~~ 1 1 2 1,1 3.~ fl?.1~~ .3f , —0 . 4 10
19 76 75 18 45 47. 17~ 382 16. :34 11 0 ..3 0 f,
21 76 7~ 18 47 42. :31 2 532203.6110 —2.811’
2 1 75 75 18 42 :3. 315 ~220 1’. 7513 — 0 . 1911
,~~7 7~. 7~ 1:: 4~ 21.532 :1~~2 .2I1I —fi .1~~f’
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Table (~ 2) Post-PKM Transfer Orbit referenced
to a time immediately after the firing
of the P1CM 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
PERT = 94.5052 YD = -1.8641317
MEAN = 7.3612 Zt) = -0.5098235
MJD = 42853 H/M/S = 02/01/00.000

Table (li) Post-PKM Transfer Orbit referenced
to the t ime immediately before the
second hydrazine burn.

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

• 26
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Table (14) Range Magnitude Data for the Transfe r Orbit

T~si YP DY HP M~4 PA~4 I~ R ‘1—~
1 76 75 F 43 4 .173 39435. ~~~~ ,. 1:~4
2 76 76 2 48 4 . 1 73  :.:::1 ~~~~~~ 

_~~~34C. :~~~ C~

3 76 76 2 48 30.1’22 3~:153.237 — 1 34~~.5~~:
4 7A 75 2 48 30 . 1,22 ~~~~l,2.~~9A

5 7A 76 2 4~ 46 .114 3:~2 CiE . 31’ l — 1 3 4 9 . 5 9~
6 75 75 2 49 46 .114  39~~~5. 3Ali —1I .A- :~
7 75 75 2 50 11.427 3:3224 .737 — 1 3 4 9 .04 4
:3 76 75 2 50 11. 427 3S~~~57~~~~~~~7~~~~7 f1.1I1~~,

7A 76 2 51 13.909 ~~~~~~~~~ ISA — 134 7 . 7 2 5
10 76 76 2 51 16.601 3’~A 19.215 — “ .572
11 75 76 2 51 41.920 3 : :S3 3 3 . 5 94  _ 1 ~~~~ 151
12 7A 76 2 51 4 1.920 7~~A37.653 — 0~~l33
13 7A 75 2 ~? ¶ 3.644 ‘~.3~~~.708 —13 4 9 .  1A8
14 76 76 2 ~2 53. A44 395:~R. 767 — 0 .  11I~
15 7A 75 2 53 18.18.? 3i7r i 5~ 4(tA — 1 .  051
1~ 7~- 7’- 1- 1-? - - $ -  —1 “~fl 1 13 -
17 7A 76 2 53 18.1:3 2 3.71’5.406 — 1 .  “51
13 76 75 3 45 37. 440 411941. 760 — 1 147. 0~~3
19 7A 75 : 4S 37.440 4.~-2~~(I .51~ I .~~ST
20 76 75 3 4~. 3. ~~~iA  4iI~~.,,:. ::: f  — 1  34 i~ 7135
2 1 76 75 ~: 46 3.295 4 3 3 1 1 .9 5 1 ~~1i.A44
22 75 7A 3 47 34.574 41’:’4~~. 1i:~~i, —1 34 ’ .59:
23 75 76 3 47 34.574 42398.141
24 76 76 3 48 1.1.327 4111 72.470 —1 34S~~~ • liii
25 7A 76 3 4:3 (‘.327 42421 .~~~5 1. 1144

~~‘- 
.‘
,- 7~ ~ 4~ ~ 21 41F4 7” —1~~4’ ~~~~~~~

27 76 75 3 4~ 6 .32 1 4242,3. 432
28 75 75 3 ~~~ 31.874 4351i5.555
29 76 75 3 49 31.874 41157 .611.~ — 1 347.771
3’) 76 76 3 49 31.9.74 42~~1’~~.5~~

. I ~~~
31 76 76 6 35 29.596 52263 .520 —1 346.~~.~:’~
32 76 76 6 -36 54 .149 52297. 3011 —1 34:~. 220
33 76 76 6 37 54.338 ~2371 .540 — 1 347.47~
94 75 75 5 37 54. 333 5

~ 71’~. 957 
1 . 9~~35 75 75 A ~3 211. 32:3 524 1’?. :FS •31# — 1 34~~. 1,~~4

35 75 75 5 33 Flu . 328 ~, :7C,1 . 1311 I, .
37 75 7~ . 6 4 1 20.52 1 526?::. 1 70 — 1 34 3. 4 115
33, 76 75 6 41 48. 306 52554.2130 — 1 3c,1 .43w
3.~ 75 75 6 4.3 27.392. 52778.750 —1348.420
40 76 76 6 45 35.34 0 52937.650 — 134 7.85 7
41 76 75 5 5fl 5s ~~~~~~ 353  53328.223 — 134 7.2 7 5
4? 75 76 9 25 54.838 56515. 3~:.3 151. ’~4443 7~ ~~ ~ 27 20. 020 55549. 4 11 15 2.424
44 7A 75 ~ 23 28 .598 5A7:35 .’~~1,1 1~~1.916
45 7~. 7~ ~ Th3 31’ . 322 6A5~ 5 .~~~? — u ~u . l~~8
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46 75 75 ~ 3:3 31’. 32::: 56~~F:5. 992 — 1i~ I.~ F
47 ~~P- ~~ -~ 

~~~~ 1ILF •“- ‘ :4 -’ _ ~~~ - ‘ i i -
42  7~ 

‘
~

_ ~~ :2  ~~~~. ,,‘7 ‘-~~~1 —1 ,,~~~~C.

4~~ 76 76 9 4.? 45.9.21 A7:31 :3. 11, 1 147.’~~~
~~1i 76 75 9 43 45.821 5755~:.34 3 — 2 . 5 7 3

1 7f- ‘r 4 II’ 41 ~~ 
~~I I  ‘-~~

‘
~~~ 14 ,- -4

52 76 76 • 3 4 ~3 1 1:1. 34 1  577’)1,.113’ 1 — 1 . 3 7 4
53 76 76 10 7 1 .1 3 1 A~~AA 3  524 l~~ ’:,.A22
54 75 75 ii:’ 7 4 . ~: i:’~ : 3. 515 — 3 .  3114
~~ 7.- ‘

~~ III 4 ~~~~~~~ ~~~~C47  ,~ , H,  H II-’Il
56 75 76 10 7 37. 105 ~,‘ 3 A ~ 7 .551 ISI
~.7 76 75 1 0 38 41 .272 73653. 1’ ’)’) 1 4’~2. 531
5:3 7 6  75 ii) 31 1.626 7~ :::71.35~ ,, 451I1.1:~~

,

~9 76 75 10 31 7.4111 74~ 44 .441 ~:1, 1i7• i,.-,:3
611 75 76 10 31 30. 34 u) 72857.01, 13 150(1 .749
‘— .1 7 76 III ~1 3f i .343 73:~ 57~~551i 151,1.31,5
53 76 76 11 153 45.9’)7 74.-~~7. il41i 153.21’ ?
63 75 75 11 14 12.91’S 7472~~.4 17  153. 171
54 76 75 11 iS 13. 585 74.3134.?1c, i52.~~85
65 76 76 11 i~ 37. 1:152 74935. 541t 153. 43-?
66 75 75 11 15 41i.Ij7 ii 745:3~~~~3 S 3
s7 76 76 11 31~ 33. 1,95 75 i43~ (l ii’) 1~~2 .742
68 76 76 11 30 -:5 .~.-.54 75799.311, 3.

~~~~~ 76 76 11 3’) 59~ 056 ?5~ .31 . (‘11’ 1 ~~~~~~ . 53 7

7” ‘
~~ ~~~~

- 11 ~~ I.E ~E ’ 2  ~~- l l7 i~ 
54 ~~, 

~~~~
71 75 76 11 3.3 14.841 75 .311.’3,2 : :  _ 1 . rS.,3~
72 76 75 11 32 39~~41t4 75~~53~~755 o . 343

“ — ~
‘.- 11 ‘~~ -~~~“ ~- 1f I  .-7 i i  1~~’’ -

~~~

74 76 7~. I F  .3 41. 15:3 7’~~ 7~~.44 1 15i’ :-: ..-.1,2
75 75 7’— . 12 .F’ 43 .: 011 7 :1: :1 I . i,i) f, 1;.
76 7r. 76 1? 3 7 . 1 51 79?’1n . E?r ~ 150?. .3,

~~;
77 7~. 75 ~3 3 9.950 7:3311. fl 1l1I —0 . lr. H
7:3 75 ; ‘s I .E 4 7. 11:5 ~‘:~733  :30 1502 .734
7’~ 75 ~

‘€ . 1? 4 ‘3 . C~9’)  7:32:34 . it li li — I ’ . 3 3 3
:3 11 75 75 1? 4 :-

~~
‘ .~~~~~ ,:‘ 753.2:15 .545 150’~:. ,

5~44

81 76 76 1? 4 34 .16’) 7.2:315 . ( 1,1, 1.5: E ,
-‘2 Th’- 7,- 1~E 47 ~~ 

:~~~
— 44 •.• ~~~ ‘I,,u, II’

83 76 75 1? 49 5. (‘43 S~~~~~~ 5 P~~~’)~~ : 1 1 1 1  111111 ~ 1 1 3
7~ 7’~ 1 4 -~ 1 uI4~ -‘~ 4’1l ,~1’1i - - 1t34

,3
~ 7A 76 13 3 52.669 95474.11 ? ?‘9 4 

35 75 75 13 3 53.559 5::4 1 35 .111111 ~~~~~~~~~
‘
~~ “- 1 4 1~ ~~~ ~;Il - , ..~ ~~47’ ~~~~~

D “- Th- 1 - 4 1 ~~~ 41~ ,4 ,, u~13 14-’ -~~~=
3.3 75 77 ‘F’ SE. 25.134 111439.73:: —2.63~
~r, 75 77 ‘

~~ ~,5 C~~~~~~~$33 1I 1431,.3:33 2’~ 3 3.-

75 77 10 3~ 33.409 11 1l 4~~(l .1d1l _ I . 4 : 5
~

~3 ‘~ 77 ~ 1l :~~ ~ 3..334 11 04 3 .54;’
93 76 77 11 14 31i .1i35 1 1 10 48.504 I ?47.~~67
‘~4 75 77 11 14 56. :333 1 1 1 1 1 3 3 . 3 5 0  1 348.~~31
35 75 77 II :~~ 51l.~~33 1 fI9.~E0. 542 — 1 .  16~75 77 11 34 IA .?76 I03?~~I .F ; F ’ .~
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97 75 77 11 52 31.557 1 (18840.083 —0.561,
98 76 77 11 52 21.557 110189.149 1 348.507
~~ 74 77 11 ~2 47.310 1 088:30.640 —(‘ .3.36

1 00 76 77 11 52 47. 310 110179.7115 1 348.829
101 76 77 12 23 52.655 10:3124.479 1.007
102 76 77 12 33 52.655 1 09473.544 1350.07.3
11,3 75 77 12 24 1:3.4(12. 108113.787 —0.924
104 76 77 12 25 .34.:343 1 139433.672 1 348.736
I llS 76 77 12 35 59.656 108075.01.3 —(‘.332
106 76 77 12 25 59.656 1 1,9424.079 1 348.735
107 76 77 12 .39 29.265 1 07769.235 0.447
108 76 77 12 .39 29.265 107769 .225 ‘:1.447

~~~ 76 77 12 39 54.584 1 1’7759. 331 1,. 133
110 76 77 12 :39 54.584 109108.397 1 34’~.199
111 76 77 12 :39 54.584 1 07759.331 (‘.1.3?
112 76 77 12 42 .35.412 111.1545.020 2846.66 1
11 3 76 77 12 42 :35.412 107747.0011 48.641
114 76 77 13 27 21.927 106E.86 .075 u:’ .c i iG
115 76 77 13 27 47.808 1 06477.231 (‘.881
11 6 7E. 77 1:3 97 47.:3C,8 1 1,6677.231 (‘.881
117 76 77 13 42 6.439 1 l,9?Iul.933 2847.175
118 76 77 1:3 58 57.118 10597”..768 — 3.781
119 75 77 1:3 58 57.118 1 08821.796 2:344.248
120 76 77 13 ¶9 23.111 1 05968.671 1.u.:304
121 76 77 13 59 23 .111 1 0 8 3 1 6•6 9q  2848.83:3
122 76 77 14 2 12.129 1 1.18753.14-3 3348.308
123 76 77 14 2 38.883 1 (18742.651 2847.575
124 75 77 14 12 6.568 1 08531.747 2847.825
125 76 77 14 12 32.:321 108523.001’ 2847.~642
126 76 77 14 41 14.329 105037.215 (‘~~3539
127 75 77 14 41 40.290 105028.676 1.3:3 1
122 75 77 14 42 52.257 10501’1.691 ii.955
129 75 77 14 43 17.795 1 04991.943 0.635
131, 76 77 14 46 15.386 1 0492~~.99 3 0.187
131 76 77 14 46 41.139 1 04916.7130 0.391
13 2 7E. 77 14 55 48.574 104714 .001’ —( ‘ .61(1
133 75 77 14 56 14.343 1 0471’5.000 11.876
134 76 77 15 8 26.615 1 044.36.582 1. 788
1 35 76 77 15 8 51.928 1 04426.689 (‘.198
136 76 77 15 9 49~5:33 1 04405.254 —0.071
137 76 77 15 10 14.846 104:396.000 —0.1125
132 75 77 15 58 11.829 1 03341.591 0.770
1?’~ 7E. 77 15 58 37•533 10:3332.447 1.070
140 76 77 15 59 -:42.845 10 :4311 .461 (‘.348

S 141 76 77 15 ¶9 58.596 10??f ’ 1. :68 0.198
141 76 77 16 3? 1.896 103945. (‘73 1349.981
143 75 77 16 32 1.896 1li2~ 96.0ll7 11.914
144 75 77 16 .32 27 .889 103q’3 5~ :339 1343
145 76 77 16 .32 27.889 1 02586.384 0.767
146 7€. 77 16 36 1.1:36 1 13:3856.104 1 349.191
147 76 77 16 -36 1.136 1 (12507.11:3 (‘.195
14R 75 77 IA 35 ?A .541 IlI3F~45.7~~I 1 .34’~ ..:’37
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149 76 77 16 .36 26.641 102497 .675 0 .157
150 7€. 77 1€. 49 52.1.106 1 022013.431 ,5,.443
151 76 77 16 50 17.555 102190 .0 :3 8 —11 .44 1
152 7€. 77 1€. SE. IS.826 1’:’2057. :379 Il 1 30

153 75 77 16 56 41.806 1 0.E’048 .~~86 0. 477
154 75 77 17 :3 3.528 101906 .:334 1’. 0411
1~~~ ~~ 77 17 ‘ 2P ~~7 11u 1~~~,- -~~1 

I ,  ui4~
15€. 7€. 77 17 11 21.121 101720.913 1.1.1)41
157 76 77 17 11 47.327 101711.02 0 —Ii . 069
158 75 77 17 24 14. 338 11.11430.565 — 0 .74 0
159 76 77 17 24 40 . u’91 102770 .786 1:349. 159
160 7€. 77 17 24 40.1.191 1(1143 1.720 1.1.1.192
151 75 77 17 27 41.41:1 10 1353.517 0.1.192
16 2 7~ ‘7 17 2? 7 2.-? 1(u 1~~4 ’  ~24 — ‘ I  135?
16:3 76 77 17 :3:3 22.944 1 0246(1.2(11 1 349.1i5(u
164 76 77 17 3:3 22.944 101111 .1.35 —(1.1116
165 76 77 17 33 48.825 11.12450.458 1349.114
166 76 77 17 38 4:3. 825 1011(11.393 0. 048
167 76 77 17 49 59.397 102 194 .4:35 1348.178
168 76 77 17 49 59. :397 11.10845. :369 — 0. 88 7
169 75 77 17 50 25 .775 100$’35.626 — 0 .556
170 76 77 1? 57 56.898 1011562.196 —1.18:3
171 76 77 17 58 21. 308 10065:3.202 —0.799
172 76 77 18 4 15.1108 100517.398 —0.379
173 7€. 77 18 4 40. 329 100507.203 —0. 795
174 76 77 18 12 30.85€ . 100 :324.180 — 1 . S 1 6
175 7€. 77 18 12 56.824 1011:314.7:36 —I). :363
176 76 77 18 13 56.118 100291.50:3 — 1 . 028
177 76 77 18 14 21.431 100281.609 —1.058
178 7€. 77 18 47 35.424 99492.40€. —1.021
179 75 77 18 48 2.281 99480.464 —2 .556
180 76 79 6 34 10.5:3 3 96979. 564 11.581
181 76 7.9 E. 34 :35.845 96991.200 (‘.157
182 76 79 6 :35 32. 105 97(118.5:37 0.7:39
183 76 79 6 35 57.418 ‘371130.8110 0.967
184 76 7.9 6 3€. 58.:361 97059.159 0.368
185 76 79 6 :37 23.121.’ ~70 7 1.300 13.751
18€. 7€. 79 6 -38 14.584 97095.733 (‘.758
137 76 79 6 38 39.905 971136.826 —0 .160
1:3:3 76 79 5 39 58.584 97144.150 —0.1.31
189 76 79 6 40 23.897 97156.741 0.46~190 76 79 6 43 3. ::438 97231.61.1(1 (I.
191 76 79 6 43 27.859 97243.600 0.317
192 76 79 6 45 11.1.938 97291.900 -0 .041
19:3 76 79 7 16 22.132 98 164 .:344 13.0 74
194 76 79 7 16 47.54 1 98 176.185 0.201
19S 76 79 7 39 59.571 9881?.. 094 —0.08 1
196 76 79 7 40 25.356 98824.726 -0.175
197 76 79 7 42 33.557 98882.946 — 0.207
198 76 79 7 42 59. :342 9:3895.238 0.376
199 76 79 7 44 10.338 98927.315 0.228
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21,0 7€. 79 7 45 7.32 0 3:3 ’~51.599 — 1 .  340
201 7€. 79 7 45 3(u . 281 ~2, ’~ E,-3~ 4411 (I . (‘29
3112 7€. 79 7 43 .39 .33.3 991176. 7€.2 0.594
203 7€. 79 7 51, 5.156 991187 .40S —11.452

31u4 7€. 79 19 40 .95€. 99885.902 —0.334
105 7€. 79 8 31~ 5.817 99897 .594 -0. 249
20€. 7€. 73 2. 33 :35. 151 1110 151. 001’ —0.527
2 07 76 79 8 30 1.904 1011 1 62 .760 —0 .6 91
208 7~ 79 :3 313 55. 1305 1(10187. 193 0. (‘80
209 7€. 7.3 8 31 20.539 100199.136 — t l .354
211, 7€. 79 :3 42 18.365 100490. 733 — 1.,. 33?

211 7€. 79 8 42 44 .119 1005 02.575 Ii. 11(r?
31? 7€. 73 7: 43 47. 131’ 1013531 . flhu O (I. 441
3 13 76 79 5: 44 13.884 10054 2.148 —11 .293
214 76 79 9. 51 .39. 1354 1(10739.4 11 — (‘ .555
21S 7€. 7’3 5; 53 4 .783 100750 .503 —1i •593
216 7€. 79 9 15 4’3~ 909 101381.367 —( 1 .695
217 7€. 79 9 16 15. 056 101392 .959 — 1l~ 112
218 7€. 79 9 17 20.685 10 1421 .73’~ — 0 . 3 23
319 76 79 .3 17 45.55:3 11’14.:43.581’ (I . 1344
321, 7€. 79 3 26 40.912 1 (‘166.3.917 — 0 .50 1’
231 76 79 9 27 6.058 1(I IE.79.86 11 —0. 655
222 7€. 79 9 18 12.055 101709 .3.39 0 .197
223 76 79 9 22 38.105 101721.E.81 0.542
324 76 79 9 48 19.941 1 02241.97 1 —0.494
225 75 79 9 48 45.12 7 1 02253.814 11.347

7~~ 7.3 ~~ S.3 453 • (‘5 (1 1 (12543. 413 —(‘ .311
227 7€ . 79 10 0 8.5:37 103555 .404 0. 4 18
223 7€. 79 10 1 20 .440 1 02586 .282 — II . 394
229 7€. 79 10 1 4E..401 1 025’~7.974 —0 . 15?
230 7€. 79 10 19 35 .097 103069.398 —0.24 11
231 7€. 79 10 20 1.284 10303 (.940 —1u .3~~7
23? 76 79 1(1 27 :44 .355 1 0?.280.91’3 —11 .329
.3?? 76 79 It) 27 59.994 103291.994 —(‘ .516
2?4 7.- 79 1” 4~; 2~ ~~2.1, 11u~ 7~~ ?33 1, 31,1
335 7€. 79 10 45 48.817 103754 .765 —(‘ .151
23€. 7€. 79 10 56 34 .939 104050 .169 — i)  5 53

337 76 79 10 57 0.916 1 114061.711 —0 .6 32
33’? 7€. 79 11 €. 33 . 762 1134315.785 —II. 308
539 76 79 11 5 58.305 1 (l4337. 0(10 II. (‘32
240 7€. 79 11 39 38. 63.3 1 04930. 360 —11 . 3 3:3
24 1 76 79 11 30 3.193 1 04941.752 0.34.3
.34? 76 79 11 39 311.327 1 11519:3 .577 — 0 . 0 18
24? 7€. 79 11 39 55.864 1 05205.419 (1.467
244 76 79 11 49 -31 . ns:~ 1 (15461.393 0.4:31
345 7€. 79 11 4~3 ~ € 6f l5  1(15473 .534 0.299
345 75. 79 11 ~~ ?A . 35~~ 105 726 . 159 (‘.209
247 76 7.3 11 5~~ 51 305 1 05737.851 (‘.524
243 7€. 79 1? 21 45.868 105322.596 —1,.9.37
2.49 7€. 79 12 3? 11. 406 1 (‘6734 .440 — 0 .11??
350 7€. 79 12 :47 :41. 08€. I 1I5745~ 00.3 0.205
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2S1 76 79 12 37 56.832 1 06756 .096 — 0.191
252 7€. 79 12 51 14.579 107112.249 (1.1114

2~~3 76 79 1? 51 :49 .13:4 1 11712.3 .342 (‘ .153
254 7€. 79 1:3 3 4 1. :398 1117579 .62€. (‘.560
355 76 79 13 ~ 7 .375 1 07590.718 (‘.074
256 76 79 13 18 53. 064 107851.837 0.28.3
257 76 79 13 19 19.025 107863.229 0.11€ .
258 76 79 13 41 46 .928 1 08463.714 1.480
259 76 79 13 42 14.088 108474 .956 0.675
260 76 79 13 43 45.329 108515.278 0.506
261 7€. 79 13 44 11.366 108526 .07 0 —0.22 0
.262 76 79 13 59 3E. .360 1 1.18936.187 0.527
263 76 79 14 1.’ 2.339 108947.579 0.446
264 76 79 14 1 :33.456 1118987 .75 1 (1.388
265 76 7.3 14 1 59. 425 1 08999.74.3 (‘.9 18
266 75 79 14 .32 25. 160 1 098(11,. (‘39 — 0. :379
267 76 79 14 32 51.264 1 09811.731 — (‘ .077
268 76 79 14 47 16.154 110187.970 (‘.107
269 76 79 14 47 42.288 111.1199.512 0.329
270 76 79 15 0 21.4110 110526.136 —0.E.46
271 76 79 15 0 47.611:3 110538.427 0.381.’
272 76 79 15 3 52.684 11(1616.973 — 0 .549
27:3 76 79 15 4 18.789 11OE.27.616 — 1 . 1 0 3
274 76 80 13 31’ :38.396 80985 .056 (‘.382
275 7€. 80 13 21 4 .150 80955.504 0.844
27€. 76 :31., 14 8 33.104 77612.22 1 0.727
277 76 80 15 4 31.1.116 74974.197 1350.226
278 76 80 15 4 56 .561 74943.619 1350.133
379 76 80 15 4 56.561 73594.500 1.0 14
281.’ 76 80 15 29 20.890 7319:3.1:3 0 1.350.182
281 7€. 90 15 29 46 .852 7:3162 .552 135(1.688
282 7€. 80 15 29 46 .852 71813.400 1.537
283 75 .3(1 1€. 17 54. 078 69696.65 1 1349 .64 1
284 7€. 80 16 18 20. 097 66817.594 — 1498. 137
285 76 80 16 18 20. 1.197 58316.500 0.769
286 76 90 16 50 .32.041 67341.182 1 349.321
287 7€. 20 16 50 52.018 67309.853 1349.249
288 7€. 80 16 50 58.018 65960.700 (‘.096
289 76 90 16 52 7.089 67225.762 1:348.268
?~~(I 76 80 16 52 33.072 64347.454 —1498 .775
291 76 ui 16 52 :33.072 65846. 400 0.1 72
292 7€. 80 17 26 1.216 64779.605 1349.209
39? 76 80 17 27 4 .404 64748.576 1394.028
294 76 80 17 27 4 .404 63:399.51.11., 44 .952
295 7€. 80 17 27 .39.355 64661.3:37 1348.807
296 76 80 17 ~~ 5.333 545:30.159 1.348.858
297 76 80 17 28 5.333 5:3281.0011 — 13 .300
299 76 80 17 54 17. 177 62773. :394 1 379.884
.299 76 80 17 54 51.104 62742.215 1389.402
30(1 76 80 17 54 51.104 61339.100 —1 3.712
31,1 76 80 19 24 47.896 60551.182 1349.39 1
:4(12 76 80 18 25 13.832 60520.602 1349.786
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303 76 80 19 25 13.832 59171.500 (‘.683
31,4 75 90 12 59 58.1::45 58039.371 1.348.271
:405 76 21.’ 19 (I 24 .128 55161. 1J64 —1499.252
3116 7€. :3(1 19 0 24.128 566€ (1• 000 — 0 . 3 1 6
31i7 75 9(1 21i 37 2~~. .327 484 16. (‘3:3 —1496.8 12
31,9 75. 311 213 :37 ~4 3~’~ 4~ 7~ 7 2~~ —14~ A .~~A1
309 75 311 30 :37 54. 858 49886.2(10 1 .986

Table (j 5)  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
I = 25 .6832 Z = 18334 .89
NODE = 14 .3575 XD = -3 .4280831
PER! = 94 .0499 YD = - 1.3826542
MEAN = 1.9900 ZD = -0.2353574
MJD = 42858 HIM/S = 01/57/42.000

TAt~ 
‘ ,- ‘P ri ’-, ’ ~~ M~4 T-E ’: PAr’~6E a—,::

I 7€. 91 3 19 40.29~ :33939.944 0. 119
2 76 81 4 4€. 14. 055 43341.29€, 1.393
3 76 ~ 1 4 46 40.920 43367.828 (‘.244
4 7€. 81 5 4€. 36 .349 47282.349 1.41.14
5 76 81 5 47 2.356 474 13.07? 1.096
6 76 :31 5. j 5  22.396 49570 . 1384 — 2. 402
7 76 81 6 15 54 .37.3 48253.246 — !  :451.7.36
:3 75 :3j 6 16 54. .37.3 49602 . 312 —2.6713
9 75 :31 6 18 57.624 4.3755 955 -3 .462

10 7€. :31 5. 18 57 .624 51254.918 1495 .495
1 1 7€. 91 6 19 22. 161 49788.333 —1.887
12 7€. 21 6 19 22.161 51287.295 14’~7.075
13 76 2.1 7 1 3 1.274 53044 .529 0.731’
14 76 81 7 1 5€..796 ~,3fl77.~~06 (1.17 2 5

15 76 81 7 ~ 47.561 53143.910 —(‘.164
i~ 7€ :31 7 2 47.56 1 54492 .976 1348.9132
17 7€. 21 7 -3 13.545 5:3177.1:37 — 1 . 0 5 7
13 76 21 7 4 1E. .017 53261.129
19 7€. 81 7 4 16. 1~17 546111.195 134 714
20 76 81 7 4 41.554 ¶3293 .956 —0 . 159
21 7€. 91 7 5 44.134 5:3379 . 048 1. 464
22 76 81 7 6 10.127 534 11.924 1.065
23 7€. 81 7 19 4(l.359 54486.231 1.126
34 75 ~ 1 7 20 6.335 54520.70? 11.332
2.~~, 75 31 ‘7 4~ 45.. il~~5’ 55589. 4?~ 1’ . 333
2.~~, 7~

., •:,~ 4’- 13. 034 55.633.751 —li~~4’3~
37 52. 1 ‘3 7 1l.1~-.~ 53 3 ’4 • 773 1. 581

- 
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28 76 81 8 7 25.144 58359.800 1.1.177
29 76 81 8 21 49.800 59543.280 0.149
30 76 81 8 22 14. ::427 5’~578.000 1. 146
:3 1 76 81 :3. 3(1 9.5.19 60231.90:3 0.699
32 76 81 8 :30 35.565 60267.200 0.220
‘3:3 76 81 8 41’ 14.416 61(165 .326 — 0 .687
34 76 81 8 40 40.377 611f i1.’701 (‘ .006
35 76 81 B 4.

~ 17.868 61817.5.55 -(‘.249
36 76 81 8 49 43.069 61853 .:331 0. 524
37 76 81 9 10 4.918 63547.158 -1.029
38 76 81 9 10 29.450 63581.600 -0.68 1
3~ 76 81 9 20 16.159 642.98.419 0.287
40 76 81 9 20 42.7.92 64434 .544
4 1 76 81 9 30 0.61:3 65211.005. —0. 5713
42 76 81 .9 30 25. 151.’ 65246.91.10 1. 161
43 76 81 9 40 2.534 66 049.526 -fl.294
44 76 81 9 41.’ 27.1.156 66084.600 (‘.623
45 76 81 9 47 19.405 66659.004 0.622
46 76 81 9 47 45.555 66694.500 — 0 . 3 0 0
47 76 81 10 10 25.823 58587.119 -2.195
48 76 81 10 10 50.344 68624.100 0.5.50
49 76 81 10 19 59.905 69::487.565 —0 .665
50 76 81 10 20 24.449 69422.64 1 0.267
51 76 81 10 29 38.005 70193.107 1.047
52 76 91 10 30 4.92 1 711228.601’ —0.8 67
53 76 81 10 .39 34. (‘48 71018.47.5 —1.481
54 75. 81 10 40 0.025 71 056 . (‘00 0.027
55 76 81 10 51 19.169 ~~~~~~~~~~
56 76 81 10 51 45.152 72 11:32.900 — 11.977
~7 76 81 11 11 29.192 77.671.899 0.75.9
58 76 81 11 11 55.154 73707.154 0.196
59 76 81 11 19 59. 178 7437:4.41.3 —0.867
60 76 81 11 2(1 25. 140 744 10.588 (‘.550
61 75. 81 11 27 :4 1.406 74995 .723 —0.8 18
62 75. 81 11 27 56.943 75030.700 — 1 . 0 0 9
5.3 76 81 11 46 1.784 76519. 1,28 —11.299
64 76 81 11 46 26 .322 76553.800 0.914
55 76 81 11 49 59.156 76844 .453 11 .664
66 75. 81 11 50 25.134 76878.779 -0.495
67 75 2.1 12 18 21.829 79159.300 (‘.542
68 76 91 12 18 47.790 79193.526 — (‘ .247
69 76 81 12 20 20.604 79319. 090 —11 .390
70 76 81 12 20 46.629 79355.365 0.820
71 76 82 9 ‘34 22.112 121315.816 —1 .84 9
72 76 82 9 34 49.097 12 17.19.569 5.387
73 76 82 9 49 (‘.339 121200.846 —2.526
74 76 82 9 49 2~~.0 55 121198 .898 -1.260
75 75 82 10 0 8.31t5 121115. 455 — 0 . 3 1 1
75. 75. :33 1(1 (I 34~ .347 lc’ l l l .3 .25? — 1 . 0 3 5 .
77 76 22 ~‘ 13 8.609 121015 .624 ‘ .7135,
7:3 76 8? i0 13 34~ 5~ ’3 121013 .325. 13.749
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Table (16) Solution for post—AKM coast . (SR11A)

A = 121483.82 X = 35715.93
E = 0.0133391 Y = -105579.61
I = 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 VP DV HP MN SEC RANGE 0-C:

1 76 82 10 51 48.2 .44 120737.817 —(‘ .9:3 1
2 76 82 10 52 13.888 120735 .268 -(‘.848
3 76 82 12 56 18.777 12(1342 .240 (‘.3 20
4 76 82 12 56 43.323 120341.94 1 0. 1.145
5 76 82 13 12 34 .60 2 120347.637 11.0 56
6 76 82 13 13 0.564 1207.48.2:36 1.1.3 20
7 76 82 14 49 54 .170 120661.070 —0 .265
8 76 82 14 50 20.276 120662 .85.9 —11 .92€,
9 76 82 15 4 21.84 1 120747. 41(1 — 0. 271

10 76 82 15 4 46.337 120749.658 —(‘.604
11 76 82 15 43 2.582 121026 .667 0.66 1’
12 76 82 15 43 27.135 121020.565 1.257
13 75. 82 15 58 51.436 121159 .475 (1.658
14 76 82 15 59 17.430 121163.372 0.768
15 76 82 16 45 5.024 121605 .993 0.603
16 76 82 16 45 30.571 12161.19.74 1 -0. 143
17 76 82 17 4 53.122 121821.994 0.810
18 76 82 17 5 19.265 121826.648 0.56:3
19 76 83 13 27 50.112 120049.92 0 — 0.876
20 76 83 13 28 16.339 12004 1.377 - 1.015
21 76 83 13 29 17.637 120023.26 1 0. 490
22 76 83 13 50 57.352 119714 .003 100.595
23 76 83 13 51 23.566 119704 .56 0 99.269
24 76 83 16 39 0.116 119930.476 2848.222
25 76 83 16 39 26.093 119926.420 2848 .794
26 76 83 19 8 34.64 0 116199.987 1.171
27 76 93 19 9 0.643 116199.837 1.429
28 76 8:3 19 41 45.356 1162 04.952 1.664
29 76 83 19 42 1(1.943 116205.685 1.872
:30 76 83 19 43 :31.162 116207.201 1.666
31 76 83 19 43 57.107 116207.931 1.813
32 76 83 20 40 40.320 116:387 .376 2.991
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533 75. :33 20 41 E..288 116389.175 2.575
34 75. 9:3 22 29 56 .846 117240. 4 16 1.973
35 76 83 22 30 22 .776 117239.988 —2.958
36 7683 22 .3~ 24.412 117254.2.75 0.658
37 76 8:3 22 31 50.569 117259.453 1.157
:38 76 83 22 58 35 .085 117555.198 1.695
39 76 83 22 59 1.095 117559.845 1.37.6
40 76 9:3 22 59 55.147 117567.789 —1.145
41 76 83 23 0 20.052 117573.785 0. 03 8
42 75. 83 23 37 41.9110 118031.868 1.718
43 76 :33 23 38 6.448 118034.114 —1.266
44 76 84 0 7 2.105 114571.195 155.302
45 76 84 0 7 28.126 118577.790 156. 1i4~
46 75. 84 18 1 59.809 11757:3.336 2.812
47 76 84 18 2 22..403 117567.491’ 3.554
48 75. 84 19 17 31.177 115.2.95.151 0.022.
49 76 84 19 17 57.146 1162.88.556 —0.129
51.’ 76 84 20 42 15.365 115288.809 51.735
51 76 84 20 42 41.128 11523?..413 11.702
52 76 84 21 41 3.800 114559.2.72. 2.725
53 75. 84 21 41 28.324 114555.1126 2.557
54 76 84 23 4 22.11.14 11:3863.255 1.162
55 76 84 23 4 48.1:88 11385.2.057 2.699
56 76 95 0 30 1.1188 11:3516.245 1.690
57 76 95 1.’ .30 27.047 11:3516.245 2.427
58 76 85 5 0 27.143 115076.985 —0.084
59 76 85 5 0 53.644 115081.0:32. — 1 . 5 7.2.
60 76 85 6 11 14.31 1 116074.095 2.102
61 76 85 5. 11 40.337 116080.841 2.192
62 76 95 7 24 40.081.’ 117274.164 0.970
63 76 85 7 25 6.15.9 117282.259 1.569
64 76 85 8 23 12.146 1182.1(1.247 1.246
65 76 85 2. 2.3 47.878 1182.17.592
66 76 86 1 7 33.829 119733.084 -44.489
67 76 86 1 7 3:3.829 1197E.0..343 -17.230
69 76 ~6 1 7 59.825 119768.588 -2.915
69 76 86 1 7 59.825 119755.845. -15.657
70 76 86 2 16 20.153 118866. (‘62 —2. 33’~
71 76 86 2 15. 20.153 118854.071 — 14.33 0

Table (18) Solution for post—AKM coast . (SR11B )

A = 121553.30 X = 35731.60
E = 0.0127867 Y = -105541 .39
I = 25.1794 Z = —52259.67
NODE = 14 .7547 XD = 1.7017354
PERI = 105.6393 YD = 0.5480135
MEAN = 167.6265 ZD = 0.0453877
MJD = 42859 H/M/S = ,1O/40/0O
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Table (19) Range magritude data
for the post-AKM coast . (SR11B)

TA’ ‘P t’~i’i’ HP ~iN S. P~ r4 -E 0—i

1 75. :32 14 18 3~~.l44 131,511. 32.3 — 1 .413
3 75. 33 14 19 (‘.5.50 12051.3 .572 — 0 . 9 3 1
3 75. :33 14 32 19.939 I2052~~..3 1 1 (‘.767
4 75. :33 14 22 44 .901 1205:3 11.811’ 1.’. 3:38
S 75. 32 16 .33 6.599 121493.444 1.437
,- 7’s- -

~~~ ~~~ ~~~~ ~2 C’~~3 1?14”- ?~~1 ii 42 .~
7 75. 33 12. 52 28.9114 119686 .422 —1. 497
:3 75. :33 13 52 54 .884 119679.772 — 1 . 1 5 1
~ 75 ~4 Ii 2~ 4? l’2~ 1 1??P~ h u h  —u 479

10 75. 34 II 30 13.544 118890.772. — 0 .5.51
11 75. :34 1 ‘3 41.375 119453.334 ‘:1 .282

12 76 :34 1 11.’ 5.321’ 1 1 9452.7.31 — 0.456
13 76 34 1 11 2.3.514 119477.767 (‘.156
14 75. :34 1 11 48. (‘70 119487.. 76.3 (‘.24.3
15 75. :34 1 20 0.142 119604.429 2..31’O
15. 76 84 1 55’ i.’:iss 120 124 .563 —0. 4 64
17 76 94 1 55. 25.592 120132.5 14 1 .306
13 76 :34 17 26 48.127 118278.769 1:1 .703
19 76 :34 17 27 14.382 118271.274 0.958
2€ ’ 76 :34 17 29 17. 408 118239. 1.145 1.623
21 76 84 17 39 39.828 11923(1 .952 —0.369
33 76 :34 1:3 71 27.3(11 117235 .59’:’ I:) . 1l12
.33 76 ‘34 13  ~1 53.015. 117 33(1.245 0.159
34 75 :34 21’ 11 27 .9 13  11575 .0 .212 —0.299
35 75. 94 31’ 11 52. 4 1.’? 115754 .816
25. 75. :34 21 16 13 .573  114955.2711 — 11 .555.
37 75 84 21 15 7~3 32~ 114951.323 0.121
39 75, :34 22 21 12.821 114.313.864 —11.1.112.
29 76 84 22 21 37.387 11430:3.319 -2 .111.)
30 75. 84 .23 22 9.080 11.3:391.5.06 (‘.71 4
:4 1 75. 84 23 22 35. (‘49 112 .887.1139 -1.452
.32 76 :35 0 27 47.402 113653.72 1 1 .114
33 75. :35 1.’ 28 12.073 11365:3.27.3 1.412
34 75 :35 1 54 19.8 55 113706. 035 — 0 .715.
35 76 :35 1 54 44 . 385. 113707.683 —II . 775
36 76 95 3 20 29.085 114181.205. 1.441
37 76 :35 3 20 5:3.655 114183.1)04 —(‘.1 05
38 76 85 4 24 .37.857 114726.487 -1.1.120
:49 76 85 4 25 2. 4:36 114793.382 1.347
40 76 85 5 .37 10.892 115704.751 (1.847
4 1 76 85 5 37 36.903 115710.747 0.725
43 76 95 6 34 55.81,3 117264.871 689.282
4.3 75 :35 6 35 20.386 116580.445 —1.699
44 76 95 2 26 18.892 118488.174 — 1.300
45 75, :35 8 25. 44.885 118495.669 —1.592
4€. 76 :35. 1 21 18.370 119565 .977 — 0 . 122
47 75 :35. 1 21 18.370 119554.985 —1 2.114
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4:3 75. :35, 1 31 44.353 119562.48.1 1.353
43 ~ 6 :36 1 21 44.353 119550. 489 — 1 0.641
50 75. :36 3 22 52 .340 118.756.788 —1 0 .775
51 75. :36 2 22 52.372 118.768.780 1.223
52 75 95. 3 33 18.362 118762..2.34 ‘:1.932
53 75 95. 2 2.3 18.362 118751.242 — 11.11 1 1’
54 75. 86 3 14 46.057 118182.985 — 11.15 .8
55 75, :35 1 15 12.1324 119178.939 —10.905
56 75 :36 3 17 25.91:15 11:3156.004 —11.75.2
57 75. :35 .3 17 51.041 11 8151.957 —11.6:39
5 76 :35 6 14 45.027 117260. 074 —13. 002

~~ 7~
.. 

~~~
. ,- 1~ 11 I I I I ~ 1172~~ ~~4 —i: ~~~

t-ii ‘
~
‘
~~
- 

~~~
- ‘ 11 1~ u~~ 117~~~1 4~ u, — 1 ’ ~~~

51 76 36 7 11 45. ff42 11 738?. 5;
~’~ — 1 4 .1:169

Table (2 0) Solution for post-HB3 coast . (SR11A)

A = 122729.54 X = 41814.17
E = 0.0035917 Y = -103476.49
I = 25.1741 Z = —52037.14
NODE = 14.7574 XD = 1.6789547
PERI = 117.5648 YD = 0.6322660
MEAN = 158.8512 ZD = 0.0863569
MJD = 42864 HIM/S = 8/41/00

Table (21) Range magnitude data for post—HB3 coast . (SR11A)
TH ’3 iP Eli H~ MN ..Er: RANGE fl—i:

1 75 87 9 52 14.824 12147(1.809 —3.541
.2 75. 87 ‘

~~ 52 40. 791 121467.2 .62 —2 .5 0 1
3 76 87 10 55 15.2.45 120:398.505 — 1.31 ) 0
4 75, :37 10 55 40. 135 120895.707 0.115
5 76 87 11 57 14.264 1205(’4.4118 —2.040
6 76 87 11 57 39.809 120502.481 —1.906
7 76 97 1 :3 .3 46 .670 120297.72 1 0.3 134
:3 76 :37 13 4 12.548 120297.122 0.811
9 76 87 14 26 25.609 120361.277 — 1.350

10 76 87 14 26 51.565. 1202.61.877 —2 .053
ii 76 87 16 38 59.297 1212113.095 —2.478
12 76 87 16 :79 24.826 121210.889 1.270
13 75. 87 17 2.7 32.6.35 12187.0 .110 — 1.6 :3 1
14 76 87 17 37 58.889 12182.7.755 0.84?
15 76 88 12 56 47.164 121759.695 2.746
16 76 98 12 57 1:3.314 121751.265 2.56.3
17 76 88 12 58 8.178 121734.477 3.1:168

18 76 88 12 58 34.330 121606.915 — 116.256
19 75. 813 15 8 53.795 11 ~~799.91€. 311.858
20 76 88 15 9 1 9.333 119485.7:?.1 4.1.174

21 75. 88 22 53 27.2.1’0 119025.:352 2.413
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22 76 :38 22 53 53. :392 119029.149 0.414
23 76 89 2 8 14.040 1218.66.235 1.932
24 76 89 2 8 .39.619 121872.8:31 1.865
25 75. 89 17 59 9.542 120617.300 2.128
26 76 89 17 59 :35.517 120608.456 0.231
27 76 89 20 39 58.872 118229.452 .3.1.192
28 76 89 20 40 21.627 118224.207 2 .77:3

29 76 89 22 12 31.:370 117180.479 1.295
30 76 89 22 12 56.921 117117.33 1 —57.82.8
7.1 76 :39 23 1 7.945 115.777.558 2.05:3
32 75. :39 23 1 3:3.1)56 11 6773.511 11.986
.33 76 90 0 45 :32.793 116320.674 1.424
34 76 90 1 12 16.41)4 116301.616 1.672
2.5 76 90 1 12 42.398 116302.516 2.546
36 76 90 4 48 3.311 117616.078 2.101
37 76 91’ 4 48 29.312 117621.1.874 1.837
38 76 90 4 5:3 32.352 117516.247 —15.2.380
39 75. 91 0 56 7.316 121077.010 —1 .222
40 76 91 ‘~ 55. :33.296 121072.064 0.519
41 76 91 1 11 11.415 120850.067 3.:37:3
42 76 91 1 11 :37.2.93 121.1840.923 —11.217
42. 75. 91 1 15 24.364 120787.710 :3.55:3
44 76 91 1 15 50.566 120779.765 2.288
45 76 91 1 17 48.870 120750.386 2.520
46 76 91 1 18 13.416 121.1745.289 :3.555
47 76 91 2 49 40.686 119498.453 1.172
48 76 91 2 50 6.841 119491.857 —0.225
49 76 91 2. 53 48.42.7 118827.2:39 —0.:384
50 76 91 3 54 14.415 118823.1.142 —11.761
51 76 91 3 55 47.088 118809.701 —0.556
52 76 91 3 56 13.157 118804.155 —2.314
53 76 91 5 10 2.854 118319.69 1 0.628
54 76 91 5 10 27.438 1182.18.791 1.524
55 76 91 6 35 22.085 118174.741 —1.057
56 76 91 5. :35 48.113 118176.090 —1.1.1 85
57 76 91 8 14 :38.275 118602.395 . 2.5:34
58 76 91 8 15 :3.249 118604.344 1.335
59 76 91 9 37 46.816 119409.886 0.683
60 76 91 9 :39 12.802 119414.683 11.:302
61 76 91 10 :32 12.909 120129.388 1.600
62 76 91 10 32 :38.902 120135.534 1.518
63 76 92 9 17 16.512 121790.238 1.6:35
64 76 92 9 17 41.114 121785.291 1.325
65 76 92 10 34 50.653 121021.270 (1.06:3
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 8.072 1 .0643.832 3.260
69 76 92 12 33 7.880 120364.425 1.738
70 76 92 12 33 32.626 120362.626 1.010
71 76 92 13 38 28.089 120308.514 2.552
72 76. 92 15 10 44.111 120618.199 2.875
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73 76 9? 15 11 j(u.(i:39 121,520 29P~ 2 459
74 75 92 17 30 5.386 121875 .728 2.226
75 76 92 17 30 :31.517 12188:3.474 3.749
76 76 9:3 12 49 8.044 12161,7.065 — ‘

_
‘.795

77 76 93 12 49 34.025 12153:3.522 —1.084
78 75 ~ ? 14 30 17.542 11”:3117.411 —0.769
79 75 .33 14 30 42.181 119801.715 0.128
80 76 97. 17 2 50.256 117919. 312 —11 .416
81 76 93 17 3 18.9:38. 117912.872 -3.025
82 75. 93 19 14 47. 384 117424.960 —3.2.2.4
:33 75. 93 19 15 12.098 117425.410 —2 .152
84 76 93 2 0 7 37.049 117548.025 —3.208
:35 76 93 20 8 2.589 117550.123 —2.828
:36 76 93 20 9 9.006 117554.171 —3.299
:37 76 93 20 9 34.552 117555.670 —3.559
38 76 94 18 41 48.089 119868.418 —7.075
89 76 94 18 42 12.618 119863.022 —5.982
90 76 94 20 0 :3.120 118729.2(17 —5 .350
91 76 .34 20 0 34.080 118722.661 —4.968
92 76 94 22 26 40.543 117082.747 —6.374
.33 75 94 23 27 6.537 117080.498. —5 .058
~34 76 95 1 Cl 17.:380 1164:30.698 —5.781)
95 76 95 2 52 22.149 116796.445 —5 .934
96 76 95 2 52 48.129 116797.494 —?.69t
97 76 95 5 16 .34.41.11 118262.030 —7 .337
98 76 95 5 16 59.811 118269.475 —6.618
99 75 .35 7 1 3 1:3.641 120064. 3.3.3 —8 .454

1 0’:’ 76 ‘36 4 5 56.682 119826. 040 3.251.’
101 75. 96 4 6 22.624 118.822.443 2.998
1 1:12 76 ~6 6 4 42.89’:’ 1197.30.9:33 3•454
1 0.3 76 95. 5. 5 :3.2.35 118332.28.2 4.984
1 04 76 95. 8 5 7.455 118742.447 3.894
105 76 96 8 5 7.3.433 118748.244 5.583
106 75. 95. 11.’ 5 5.368 121.1(111.120 7.070
1 (17 75. ‘r15. 1€ ’ 6 30.908 120016.066 6.313
j132 75. 97 9 14 2.3.514 121527.217. 10.996
109 76 97 ‘~~ 14 48.828 121531.817 1 11.350
11 0 76 97 11 18 1.021 120447.168 11.897
11 1 76 97 11 113 26.540 121)445.946 1:3.258
112 76 97 1.3 28 2.684 120093.263 13.02.1
11.3 76 97 13 28 28.665 120093.564 13. 001
114 75 97 14 40 2.891 120289.455 13.676
115 76 .37 14 41, 29~~ 5~ 120291.275 1-3 .478
116 75. 98 14 21 3.7R7 114789.224 —7.574
117 76 98 14 21 28.311 119782.378 —6.902
118 76 92 15. 12 20.922 118:31.14.251 —6.900
119 75 98 16 11 46.916 118298.555 —8.1 02
12 0 76 98. 22 5 7.174 1171’~3.970 —1355.541
121 76 99 0 38 34.413 120588.070 —6.873
122 76 99 0 :39 0.546 120594 .66~. —6. 840
123 75. 99 1 54 53.659 121725.033 —7 .680
1.24 75. 99 3 9 34.039 121966.516 —6.342
125 75. 99 2 ~ 5.~~~5.75 12 1972.662 —5.712
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Tab1e (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
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)

TA I~ ‘i’P BA~’? HR MN .EC RANGE fl—i::

1 76 87 9 48 52.597 13149(1.895 — (‘ .718
5 75. 87 9 49 17.32:3 121486.249 — 1.08 6
3 75. :37 11 1 26 .645 120241. 1195 — 1.33 7
4 75. :37 11 1 51.155 1208:38.097 —1.218
5 75, :37 11 5? 26. 372 120527. 054 1,. 175
5. 7~. 97 11 52 55.415 120524.514 (‘.024
7 75 :37 13 7 3 .110 12(1319.156 21.1.155
3 76 ‘37 13 7 29.1 3? 120319.756 22.135

~ 75. :37 14 21 47.1111 7 12(1362.177 —i: . 95.~
Iii 75, 97 14 32 12.605 120.35.7.225 — 1.135
1 1 76 :37 15 33 48.576 12118:3.75:3 1.:429
12 75. 87 16 34 1.3.:34.3 131187.505 1.216
13 76 87 15. 35 51.361 121201.296 — 0.343
14 7~ 37 16 :46 17.345 121207.591 1.36.3
1~ 

‘
~A 27 17 ~2 ~.5. 255. 1:121,7 775. 1 1,97

1 5. 75. 97 17 33 31.405 121813.172 1.708
17 76 :37 17 35 1.347 131230.7111 — 1i . 3(15

12 75’ 97 17 .35 27.7.11 121837.905 1.796
19 76 :33 13 59 :3.104 12056.3.437 2.650
3(, 75. :39 23 (I 

~9.786 119056.890 2.245
21 75. 88 23 1 24• :429 119062.426 3.304
53 75’ :39 21 37 6.301 11735.8.299 —0 .745
23 7’5. 90 1 8. 31.08 1.’ 115. 1.34 .1.1:32 —11 .90(1
24 76 90 1 8 57.093 116134 .482 —(‘ .295
25 76 91 1 1 30.9 .32 120880.645 (1.424
26 75 91 1 1 56.:349 130874.500 (‘.772
27 75 91 1 3 :3.950 1211855.913 (‘.618
23 ~5 31 1 3 34 • 372 12(18.49.317 11.5.19

~~~~~ 75. 31 2 ~2 35.. 35.
11 119357. 2511 hi • 134 3

311 75. 91 252 52.231 119352.454 ( .3 34
31 75. ‘91 4 0 13.625 118669. :399 0.335
32 76 91 4 0 39.595 118565 . 101 0.557
33 75 91 5 5 2:3.797 112.241.445
:44 7~ ~1 5 5 54.922 119339.647 0.58.4
3~ 75’ 91 5. 42 2(1.175 11809 2. 1348. I-I . 9,35.
:‘~~ 75 ~~~~ 5 4? 45..??? 1tA f i ~~7. 347 0.5A4

~~~~1 
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37 75. 91 :3 2:3 12.128 118579.311 0.993
39 75. ‘~ 1 :3 ~7. 

7:3.144 118582.6(19 (‘.842
39 75. 91 9 49 43.82.8 119475.241 1.481
41, 75 91 .3 50 9.415 119480.337 1.418
41 76 91 11.’ .35 .3.591 1200:39.815 —(‘.1 65
42 76 91 10 -:45 4.3 573 120097.460 1.176
43 75. 91 10 37 25..8’74 120126.241.’ 1.414
44 76 91 10 7.7 52.870 120132.386 1.21.3
45 76 92 9 23 9.910 121724.584 —1.188
46 76 92 9 2:3 :35.889 121719.9:37 —1 .027
47 75. 92 11.1 29 34.2.40 121067.738 —1.586
48 75. 92 10 :30 0.094 121064.441 —1 .210
49 76 92 11 36 52.641 120593.017 —1 .236
50 76 92 11 :37 17.304 120590.219 —1.685
51 76 92 12 29 21.080 120374.918 —0 .972
52 76 92 12 29 46.396 120373.569 —1 .137
53 76 92 13 45 :34. :360 120314.510 — 1.085
54 76 92 12. 46 0.118 120315.109 —1.029
55 76 92 15 2 7.147 120565.736 —2.32 .2
56 76 92 15 2 32.684 120567.834 —2.5 00
57 75. 92 17 34 17.648 121919.898 —2 .216
53 76 92 17 :34 4.3.645 121927. 093 —1.1.252
59 76 93 12 55 3.281 121451.473 (‘.956
5. (i 75. 9:3 12 55 29.151 121441.579 —0.732
61 76 93 14 20 41.296 119912.638 —0 .715
63 76 9:3 14 21 6.848 119906.429 0.138
53 75 93 17 5 59.370 117830.279 2.152
64 76 93 17 6 24.331 117827.132 2.435
65 75. 93 19 10 1.514 117350.012 4.116
66 76 94 18 28 18.832 119785.076 2.391
67 75. 94 18 .38 44.825 119778.181 2.133
5.9 76 94 19 54 52.2.46 118659.955 1.659
69 76 94 19 55 18.806 118652.160 —0.1:32
70 76 94 22 23 47.672 116957.733 1.083
71 76 94 22 24 13.769 116954.736 1.751
72 76 95 1 3 14.181 116269.710 0.662
73 76 95 1 :3 40.158 116269.710 0.60?
74 76 95 2 50 12.119 116612.223 —(‘ .764
75 75. .35 2 50 38.109 316614 .32 1 — 1.390
76 76 95 5 11 55.355 118023.196 —1 .466
77 75. 95 5 12 20.862 118030.241 —0 .072
78 76 95 7 18 13.284 119970.948 —1.24?
79 75 .95 7 18 39.296 119979.641 0.039
90 76 95 7 20 51.070 120017.265 0.089
81 76 95 7 ~ 1 17.285 120025.360 0.700
82 76 96 4 10 6.093 118721.562 -2.255
8.3 76 96 4 10 31.407 118718.565 -2.080
84 76 96 5 52 41.307 118263.:330 —3.639
85 76 96 5 53 7.614 118263.481 —2.948
86 76 96 8 1 0 4.790 118706.12:3 6.878
87 76 96 8 10 38.825 118702.975 —0.485
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:73

~ B of JulY 
1, i97~ 

the orbits 
for both 

S0LRA~ 
ii~ 

and S0(.R~
D I1B

are 1jsted 
be10~~ ~~e 

t~o 
satellites are 

in their 
final cofl

ftgUr0tt°~
6 nearlY 180° apart .

Table (2 4 ) 0rb1t~~ 
Elem~~t9 for SRl1~ ~~ JulY i, i91~

X 
_25186 * 514390

E 
o.oo~58~80 = i0~T8 02 .616O°

I ~‘r.
lO149 z = 56588 .5°9~°

NODE 
10.2113 

= 
_1.151?8682

PERI 
122 .6350 YD 

_o.39565865

~~~~~~~ 
7.1) 

_o.o1401452~~

MJD 
143325 ~fMf 5

Table (25) 
0rbtt~~ 

E1~~ent s for SB11B on July 1, 1917

l2523~~~~~~ 

268149.90660

= o. 0038~~~ 
= _108788.07300

I 
26.97~~ 

_569141.97580

NODE 
i0.50~~ 

Xl) = 
l.73013720

P~~I iil .1121 
o. 140311~23

i6l .~~~~ 
ZD - 0. 014119660

MiD 
143325 ~(/MIS 

00/00/00 .000
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SUBROUTINE DESCRIPTION S

PROG RAM 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).

PROGRAJ4 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. (vj )~
PROGRAM GENER

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

PROG RAM DIFFCR

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

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

The azimuth AZ and elevation ELV of a satellite with position R at
time T is computed. Key is ~ for ELV greater than zero and KEY iszero for ELV less than zero. The station key is IND . Blossom Pt:
IND = 1, ARCETR I , ITALY: IND = 2 , AMF.PIk3AD , 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 .

SUBROUTIN E BIGLET (XMB, XML)

The 7 x 7 covariance XMB is reduced in size to XML whose size is
equa l to the number of parameters free in the differential correc t ions
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 coordinateset (n, ~~~, r~. i , Il , U , BIAS) .

SUBROUTINE LITBIG (XML, XM~~

The covariance XML is increased in size to XMB (7 x 7).
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SUBROUTINE IN OD (X. T , IDE~~ NOBS , RM~~ B JA~~ ~~~~~ WM , LI~ 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 O(JTOD (X, T. IDEN, NOBS, RMS, BIAS , LLJOUT, WM, KSTAR~J KST0P.
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 . TIn s time is denoted as TB. For the SOLRAD Project all
epochs are referenced one minu te past the nearest hour to the beg inning
or end of the data span. This is for convience only and thus not
requ ired for any phase of the project .

SUBROUTINE FANDG (X, Z, T, TN)

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

SUBROUTINE FORCE (K2, 1(3, K4, KDRAG, KSUN, KMOON)

This is a data initialization subroutine. 1(2, K3, 1(4, 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 Kepler ian state vector A (a, e, i , ~~~, üi , 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
rad ians to degrees. The first two components remain unchanged.

S SUBROUTINE ELRELN (ELR I ELN)
The Keplerian state vector ELR as defined above is converted to a

non-singular set of elements ELNI i .e. , n , e cos w , e sin w , i , (1, M+~ ,
where n is the mean motion . Both ELR and ELN are espressed in radians.

\ 5_
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SUBROUTINE ELNELR (ELN, ELR)

Opposite to ELRELN . The non-singular set of elements (for near-
zero eccen tric ity) are conver ted to the Keplerian set wh ich are expressed
in radians.

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

The driv ing subroutine for the numer ical integrator RUK. I is the
Cartesian state vector , TSTART the starting time , TSTOP the stop time ,
INT the prin t interval , and Dl 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 ei( which are required by the subroutine
RUK .

SUBROUTINE DIFFEQ (D , Ii, 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 pos ition
components; UD , Vi), WD are the inertial velocity components; and Ui)!),
VDD , WE)!) 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 rad ians per step - usua l ly
set to 0.05.

SUBROUTINE ORBIT (ELD, X, T, TN)

The Keplerian state vector E10 is propagated analytically through
the time period 1-TN. Perturbations due to J2 only are incl uded .
The perturbations include only those terms not involving eccentricity.
It is therefore valid only for low altitude. near circular orbits and S

for short t ime spans. FL!) is expressed in degrees.

SUBROUTINE STATEL (X, ELD1

The Keplerian state vector ELI~ is computed from the Cartesian state
vector t The units for both ~ and ELI) are degrees and kilometers.
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SUBROUTINE ELSTAT (ELi), X)

The Cartesian state vector X is computed from the Keplerian state
vector EL!). The units are in kilometers and degrees.

FUNCTION ARKTNS (N, X, Y)

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

0 to 360°.

SUBROUTINE POSION (1, Xl, Yl , Zi)

The geodetic station location (X l ,, Yl , Zl) of Blo ssom Point,
Maryland is computed at time 1. The position is respect to inertial
space. (True Eq. of Date.)

SUBROUTINE PLACE (T, Xl, Yl, Zi, XLAT, XLON)

The geocentric latitude and longitude X LAT and XLON are computed for
a satell i te at position Si , Yl , ZI at t ime T. T is the total number
of seconds measured from January 1, 0 hours 1970.

SUBROUTINE GHA7O (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 hour s
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 add itional subroutine SUNPS (XJ D, 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 (1, XM)

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

FUNCT ION FASTRG (ELN , T, TN)

The range of the satellite from Blossom Point is computed at time
1. The satellite state vector is ELN at epoch time TN. The state
vector is propagated analytically including no perturbations

t ‘9~ ~routine is used to compute the tracking covariance matrix (H R H)
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where H is the sensitivity matrix and R is the observational
variance matrix. ELN represents the state vector by the non-singular
set of elements (n, ~~~, ri, i, 0, U). For computational speed the routine
is written in single precision . The units for ELN are kilometers and
degrees.

SUBROUTINE FLSTAT (ELR, X)

Sim i lar to ELSTAT but the computations are performed in single
precision. ELK represents the Keplerian state vector in radians.

SUBROUTINE DERIV (ELN, TIME, TN, H, MR. NCJ

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

SUBROUTINE REDUC E (KA , KB , ICC, KD , ICE, KF , KG, NC, NUMB_~~~

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

SUBROUTINE E RASE (DX , DE, NC)

The full 7 ‘ 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 observat ions 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 column s is given by NC.

SUBROUTINE TRAFER (A, ,~~~~ NR, NC)

The array A is copied into B. The dimensions of both are
MR 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
dimens ions 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 MIJLT (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 x
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-lO the
matrix is scaled before the inverse is carr ied out.

SUBROUTINE SHADOW (T, X)

The times for passage into and out of the lunar and earth penumbra
tnd 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

~ u OGl~A M  L3A [)
U1~lL i L r  ~~~~~~ ~~~~ is ti~ (A— ~i ,J—~~

500 k’Ok~I1Ar(JA ~~)
330 Fud~1AF (A1 )
130 Fut (HAT (A5)
101 r’u~~t1A F(L5J1) 2 k u A ~~t~~23.13~1 0Le FUthiA .C’ (212,Fb. i)
1)3 k’ udLi A r  ( A l ) )
203 rok~~A:(/,~~1u ~~~~~ r H ~ ..~r L L L ~ asc ii  our ~ ur  F ILE ,

* /,Leld r d L . i  CAll a~ i&i i~ L l l L~J A ~ t’LL ~ r o E I F i i ~.B ~~~~
* / , L e l t I  )~~ks1r DEr  iL1~~~Lu.~ ~n JG llA~I OR ~P H EM~~I(IS,
* /,L~1lf ~~~~~~A r I 3 N  r’dJ.i .~~ a: t~i i 1 A r  (XXX LAL.cXT ) )

2) 1 k th tM A E (/ ,3dxi ~~~~~~~ SAT i~L~..Lfi. ~ 
— ( k S)

23~ Fo~~t i A r ( / , Jdt t  ~N r ~~ L1~’L.~o J J .~L A ~ ~ AT~ — ( I S) )
2 33  Fo1~MA r (/ ,43H ~N r r ~

( d0u~~S, ~~~~ ~~~~~~L AS H1IMMSS .SSS)
bOl ~cIL~t1Ar(/,4dc1 ~ECT&N~ U L A ~ J~ z( ...L~Li~.L~.AN INk~UT ? (TYP E it OR K))
2 - ,)L~ ko itnAr (/,tsfI ~A r ~~a X)
235 k~( Jdf lAi ’ (/ 1dd ~~~~~~ ~t )
206 i O d L ~A r ( f ,-cst1 E~1FEii Z)
207 FU&thAT (/.9u N~t~ Xi ) )
2 0~$ FJithA i(/,~~iI Uh1 ~U)
2,)~

j rOrthAl~(/,9H E~1L~~k( ZO)
2 1’4 ~~

‘ t1AF(/,2dL~ ~~~~~~ ~i E M L — a e t J J d  ALL3 LN Kr!)
215 k’ththAF (/,19H t.~iTE~ ~~~~~~~~~~~~~~
216 ~oaNAr (/,1~~ ~~
217 FOcthAK (/,llfl .N~~2L( NJI)~ )
2 1~ ro~utAr (/,20i1 T~~i~ ~~~~~~~~
21 9 Iuitnatr (/,19ii i~~ L~~~ M E A N  A~~~ 1~UM
21) FU~ rlAE (/,1lkt ~~~~~~ iiIAS)
3’) l ?th~i AE ( / ,1- 3d LN..~~iuE J 2  !~
332 Z UdLIA I (/ ,lJiI i N~~ .JD ~ Ji  ?~303 ~ o d n A r (/ ,13ti L~L L J DE J4  ‘)
j Q L~ ko ~thAr (/ .15u I~~~1~J I ) E  D L t A u t )
3 ) 5  ~o A n A T (/, 1~4d I .~~~.JD E SUN ?~
336 FUKflAr (/,15H 1N .L JU E M JJ .~ t )
3)7 ~o2~ AA~(/,3b~1 F~~Er LL  KiLJ1~~~ .t~i ? — ‘L~’E F U~t ( )

~4O 1 t~UAPl A r (/ ,1L4 t~ j J~.Vi~ FOIt A ? )
~4)2 eu~~n A r ( / , 2 1 k I  ~ J L V ~. FO~ ~, ~~~~~~~ ?~
~03 ioA1~Ar (/ ,21H ~)LVE F E ~~~N (ø )  ~ l
L40 14 FUuN,~E(/,2tekl 3JI.VE FUii ~~~~~~~~~~~ ~)
‘~35 F u k ~M A r (/ , .2 Li u S ) L V z  FOE~ N.J~~~i. A N . ~~ t~ ?)
40u YUi ~nA I ( / , 1bli , J L J E  F OiL M+ .  ?j

£~37 FoaltAr (/,lltI ~~~~~ F:h~ uiA5) 1  Fu~ rlAr(/,2dhi I’ TJ tthAfL0~ eA~~~~~E~~~i Pi k~i.,2X ,bilp
5)2 Fudt t A t (/ ,25~1 ~)N— FiZ c.L) ?it~~A~~C.l..&1i AL~~,2X ,7I 1)  4
S i3 I’ t J I I n A L~ ( 1 4i1 A N t  ~~~ N~i~~S ~‘)i)i~~~~ i L ) N  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Cul1~1UN/K ~~d N r / K ) U 1r  (7)
LOt.sICAL KILJ
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~)A - r A i(uJ N r /i , 1~ 1~ 1 • 1 • 1 , 1/
J A T A  K AA / ”2 0 b 1 7 17 0 3 12/
uA rA K /”202 24)57744/
oATA K...../”202344)~~U 1 O C /
D A T A  Ll l/  1, 1 , 1 , 1 , 1 , 1 , 0/
D A T A  LF / 1 ,~~, u , . ) , 1 , 1/

T Y P E  2 )3
A C C EPT 103 , X N A ~~k
OFEN (uNLr=21 ,AcC ~~Ss=’sL~JJr’  ,l’Li.r.~~~N A N E )

T YPc .  201
ACCEP1~ 103 ,IDc.N
T Y P E  ~ O2
AC cEPr 1O 1 ,tiJ~i
TYPE 203
ACC EP ].’ 10t4 , MH ,~I~1 ,r sEc

T Y P E  601
ACCEPT JO0 ,L M Y
IF  (LN !. E Q . 1 I I IC )  Gi To 8
iF  (L N Y. E~ . 1k i i t )  GO ro ~

4 T Y P E  307
ACC E PT 303 ,LM!
IF (LN’t.E(~.1HK I KIL3~ .TRLJ~..IF  ( L N Y . E~ . 1H F ,  KLL3= .PA l~~~.
IF  ( L N Y . N E . 1 k 1 F . A N D . L . N Y . N~.. l l I K I  .1) fl

T Y P E  20 4
ACCEPT 102 ,X ( 1~
T Y P E  205
ACCEPT 102 ,X ( 2 )
T Y P E  206
ACCEPT 102,X ( 3 )
T Y P E  201
ACC EP T 102 , X ( ~4~
T Y P E  20 ll
ACCEPT 102 , X ( 5 ~
T Y P E  209
ACCEPT 102 , X ( b )
IF  (KILO)  GO ~) 6
DO 5 11=1 , 6

5 X ( K ) 3 . 0 4 B t ) — 4 ’ X ( K ~
GO 10 6

8 T Y P E  21 4 5

ACCEPT 102 ,~~L J ( 1 )
T Y P E  ~ 15
ACCEPT 102 , E L D ( 2 )
T Y P E  216
ACC E PT 102 , E L D ( 3 )  S

T Y P E  2 11
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ACCEPT 102 ,ELD(L4)
T Y P E  2 l~3
ACc EPT 102 ,E L D ( 5 )
T Y P E  219
ACCEPT 102,ELD(6)
CALL EL S I A ? ( E L~~,X)

6 B I A S = 0 . ) D 0

T Y P E  5J1 , (LF (K)  , K 1 , 6)
T Y P E  503

10 T Y P E  500 ,KA A ,K B B ,KCC
ACCEPT 300 , L N Y
I F  (LN1. EQ.1~iN) U) TO 30
IF  (LN .t. NE. 1UY~ G) ro 10

00 20 K= 1 ,b
20 LF (K)=O

T Y P E  3 0 1
TYPE 5O0 ,KAA ,Kb~3,KCC
A CC EPT 300 ,LN~
IF  ( L N Y . EQ . 1k~!) LF ( 1 )= l
T Y P E  302
ACCEPT 300 ,Lt41
IF  ( L N Y . E Q . 1 H Y ~ LF (2) 1
T Y P E  303
A CCEPT J0),L Nt
IF  (kNY. EQ.1UY~ LF (3) 1
T Y P E  304
A CCEP T 300,LN Y
IF (LNY. E~. 1HYI LF (4) =1
T Y P E  305
ACC EPT 303 ,L N Y
iF  ( L N Y . E Q . 1 H I I  LF ( 5 ) = 1
T Y P E  306
ACCEPT 300 ,LNf
IF (LN 1. EQ. i t l Y )  LF (6) = 1

30 T Y P E  ~02 ,(LR(K) ,K= 1 ,7)
T Y P E  503

40 T Y P E  503 ,KA A , Kub , K C ~
ACCEPT 300 ,L N Z
IF (LNY.E~ .lHti ) U) TO 60
II (LNY.NE. 11U) GO ro 40

DO 50 K 1 ,7
50 L E ( K ) 0

TYPr 401
T Y P E  5O3 ,K A A,ICuD,KC~
ACCEPT JO0 ,L N Y
IF  (LIIIY. E~ . 1HY ) L~ (1) 1
T Y P E  402
ACC EPT 300 , L NY

I
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IF  ( L N Y . E Q . 1 8 Y )  L~ ( 2 ) = 1
T Y i - E ‘403
ACC EPT 300,LllY
IF (LNY . EQ. lilY) L~ (3)  = 1
T Y P E ~4O4
A cCEPT 300,LN!
IF (LNY. EQ. 1HY) L~ (4)  = 1
TYPE 40D
A CCEPT 300,L N Y
IF (L NY. EQ.1HYI Lk~ (5) 1
T Y P E  40b
ACCEPT 30 0 ,L N Y
IF (LNY . EQ. laY ) LEt (o)  = 1
T Y P E  437
A LCEPT J00,J..NY
IF  (Lh i . EQ . l dY i L[~ ( 1) = 1

60 T~~(r~JO_435B7)*a64)0.0D0# * .s.00eS~1~~4DO+TSEC
NO d S:~0
L~~iS=O .  000
LU UUT=21
DO 70 K 1 , 7
DO 70 0= 1 ,7
K 1 K + 7 *( J _ 1 )

10 XPI (K1) 3.ODO
X~1 (l) =1 .00— 18
X~ (9) = 1.00—0 9
Jui (17) =1 .0D—0~
X M  (25) 1 .0O—0 7
XN (3 3) =1.30—0 7
X1~ (4 1) = 1 .00—0 7
X M (4 9) =1.00—02
K STA R T 1
K STOP :1
N P H I N T 1
CA L L  OU T OL)  (X ,T,I D E N ,NO ,~~~~,biA~~,LU OUT ,

* x~~,K srAaT ,KsroL ’,N~’aLNr ,~~r,LR)
CLOSE ( U N I T 21 )
sS SETUi tN

E N D

SU H k ~)UTLNE STAF~~L (X ,ELD)
IM PLI C IT DO U B L . z. P&t E C L S L O N  ( A — d ,)— L )
DINENS ION X(7), ELD(7), ii(3)
DATA PI/3.1415926535897903/
DATA TPI/6.2~ i 1US 3 0 7 17~~ 00/
DATA LITD/57.2’J57795130820J1
DATA IIIU/3913b )l .500/

13 (2 )-X (3)*X (‘4 ) — t (1)*X (6)
13 (3) X(1)*X (5~ -.1 (2)*X(4)

(1) (1)  IX ( 2) (2 )  +X (3) ( 3 )

V2=Y(L4)*X(4)+t (5)*X(5) +X (b)*X(o,
4 
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02= 13( 1) * 1 3( 1)  + 1 3 ( 2 )  *ij (2 )  + u ( 3 )  * 1 3 ( 3 )
AA A (1) * X ( L 4 ) IX (2) *X(5) + X ( i )  *L (6 )
R l=DS (~RT ( 1 (2)
o1=u s QHr (0 2 )
A A AA / XII U
P 1=02/AM U
c i=v2—2 .  0 0 0 *X M U / a l
SM A —Xt ’ IU/ C J
~C C L ~T( 0Ak33 (1 .)D3 +~~3 * P 1 / X M U ) )

ANOL )E=AL KENS (Jb ),— i((2),B (1))
-r 4I 2 T A = A U K T N S ( 3 o 3 , ( k 1 _ R 1 ) , u l * A A )
A LAT A RKTN .(3u’J, X(2) *J(1) — L  ( 1 )  * 1 3 ( 2 ) ,  X (3)  *131)
PERI A 1tULAT— T13 ETA
IF (&‘ E~~I . 1 .T .0 .)U0)  P E 0 I = e~~i i *i ’ P i
F1 AA *XM u/D~.i~ Rr (x~~u*sM A)
P2 = 1 . 3 D 0— R l / ~~M A
IF (UAuS (ECC) .~~~. 1 .3D—d)  ,J f J  1)
C05E 1 .000
S L N E=u.  3 DO
Ut) TO 20

10 SINE=Fl/i.CC
CUS~~ f4/ECC20 E=AEKTN S (360 ,~~JS~~, SINE)
X LIEAN= (E_i~.CC*5LlE)
II’ (ECC. E~~.0.)DJ) x M E A N = r ~~~rh
e. L. L) (1) = S M A
E L i )  (2) ECC
~.A. 1) (3) = x I N c~~(r o
E L D  (44 ) =XNOD~~~L(TUELi) (5) P E l l I * i t F D
£i.D (6) X M E A N *~(r J

URN

FUllLTION A RKT~ S (N ,X ,Y)
I M P L I C I T  L)’JUdL~ PL4 E C I S I OH  ( A — U , ) — ~~)
D A T A  P1/i. 141~~926~~35b9 790~)/
DATA TP 1/b .2~ i l13~~337179.~)3/
IF  ( X . N E . 0 . 0 0 3 )  GO TO 10
IF  ( Y . U T . 0 . 0 0 3 )  r = O . 5u0 *~’L
I F  ( Y .L T .0 . 0 0 ) )  T = 1 . 5 0 0 * L ’4.
IF  ( Y . E ~j . . 0.00) ) T = O . O D O
GO To 23

10 ?=DATA N(Y/X )
IF  (X.LT.O.OD)) T T+PI
I c  (T. L r . 0 . 3 D 3 )  T T + T P I

20 IF  (ll.E~~.ib0) .,i ro 30
IF (T.Ur.k’I) r=r—r .p l

30 A 4tKTNSZT
E~~TUitN
E N D
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~,Ut~ROUTINE OUF)o(X ,T,IDE~4, 13S,(1~~,0IA S,
* LuOUT ,WM ,KiTAdT ,KSfOP ,~~Ptt~ NT,LF ,LR)

L N P L I~~IT DOUO LE Pt~EClSiQz~ (A— t ~,J—h)100 FORMAT (2H
101 FORMAT (611 SAT = ,7 X ,A5 ,2A ,~~1A z ,k12. 2,2X ,SHX = ,F12.2)
102 FORMAT (6k! M J J  , 112 ,2X, 11L. ,tl2 .8,2X ,SHY = ,F12.2)
103 F O R M A T  (61! TS~~ = ,F12.3,2A ,~~dL ,r12. 4,2X ,5klZ = ,F1 2.2)
1044 P O R t ~A T (6 4!  NO ~s S= , I 12 ,2&, tjNJ D4~~,F12 .4,2X ,5 H X D  = ,F1 2.7)
105 F OR M A T  (611 ~ t15 = ,F12.3 ,21,5H .Ri ,F1 2.4,2X ,SHYL) = ,F12 .7 )
106 iu k ! M A T  (613 ~IA~ = ,F1 2.3 ,2h ,5iiM~.ALi~~,i 1 2.4,2 X ,5I1Z1) , f 1 2 .7 )
107 F o R M A T  (11311 C )VA RLANCE M~~T~iIL )108 F O R M A T  ( BX , 1H~~, 2 X , 21,8H E ...J~~(.~) , 2A , 13HE S I N ( W ) ,

* 7X ,lti I,DX , 4t!NOD~, 1 L 3 L 1 L~~+ d , ~L,4&idLAS)
109 Po~thAr (1X ,7 ( l ~~~1D.3))
110 FORNAT( 61-1 FIRit ,I4,Id,2X ,~~tiT~~.C=~~~12.3,2~~,5flkNG = ,F1 2.2)
111 FOR M A F ( ~ k1 LAST ,I4,Io,2X , * r = ,~~12.3,21,5uRN J ~,P12.2)
112 FORMA l ’ (1713 Pc.~ TURoA TI ONi =

* 248 NON— FiXED PAdAi 1.1(5 = ,7I1)
113 kORMA ~ ( 1 411 END)

CU O N/ TM / TI l ~. ( 1 ) / Y f Y ( l ) / r L ’ /f 3 T~~P
D I M E N S I O N  X ( 7 ) , .E L ( 1) •~~~~~~~~,Lk ~ (~~) ,~~ t ( 7 )
RE~~IND LUOUI’
CA LL sTA T~.L (X,E L)
M J D I D I N T ( T / d t i 4 0 0 .  000) + 4 0 ) 1 3 7
TSEC = DMOD(r ,ab’400 .  000)
J F=40 5 8 7 + T I c t E ( K S TA R T ) f H b 4 )~~.)U0
J L = ’4 0 5 8 7 + T I t i E ( K .~iT) P ) /8b~~3 0 . ) L ) 0
T F= L)MO [) (T IM E(KSTA R E)  , 13 6 4 J O . J & J 0 )
TL= DM Oo ( T I I I E ( K S T ) P  ) , 8 6 4 3 i . 0 0 0 )
1! F =Y ( K S T A R T )
R L = Y ( a c s r O p  )
I L (ITE (LUOUT ,130)
WLI1TE (L.IJOIJT,101), ID L N ,EL.(1),X (1 ,~
W RITE (LUOUT ,13 2) ,  iiJD,EL(2),A (~ )
~U L(ITE (L U OU T ,13J) ,TSEC ,EL .(i1, X(3,
IR1 TE (L UOU T ,1 3 4 ) , NO13 S,E~. ( 4 ) , h ( 4 )
W R I T E  ( L U O U T ,1) 5 ) ,  RMS ,EL (5l,X ( i )
W i tL TE ( L U O U T , l 3 6 ) , OI AS ,E L ( 6 ) , X ( b )
W R I T E  (L U OU T ,113)  •
W R I T E  ( L U O U T ,11 1) , K ST O P , J C , EA. ,~~~W RiTE (LUOUT ,1)3)
W R I T E  (LUOUT ,137)
W HITE (LUOUT ,1 0a)
00 13 0 1 ,7

10 WEI T E (i.UOUT ,13 9),( WM( 7 *K+ J—7) ,t~~1 ,1)
S Wz ~ITE (LUOUT,103)

~ ktITE (LUOUT ,112),(LF(K),Lc=1 ,b),(Lit(K) ,K= 1 ,7)
i~RITE (LUOUT ,113)
E N L)  FILE L.Uour
IF (NPRINT .E Q.0) RETURN
TYPE 103
T Y P E  10 l ,IL)EM,El . (1) ,X ( 1)
T Y P E  102 , tt JD , E L ( 2 ) , X ( 2 )
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T~f P E  10i ,T SE C , E L ( 3 ) , X ( 3 )
T Y P E  104 ,N U ~i3 , E L ( 4 ) , X ( ’ 4 )
TYPE lOS , RM S ,EL(5 ),X ( 5 )
T Y P E  l06 ,~~IA~~, E L ( s ) , X ( 6 )
T Y P E  113 ,K S T A R F ,JF ,?F , RF
T Y P E  l l l ,K S TUP , JL. ,TL , L(L
T Y P E  103
T Y P ~. 112 , (LF (K) ,K 1 ,b) • (1.i i ( K )  ,K 1 ,7)
R E T U R N
EN !)

S U B R O U T I N E  E L s T A ’T  (E LD ,X )
IMPLICIT D3UoL.E PHE~ ISIOt~ (A — u,J — ~ )
D I M E N S I O N  15(7 ) , ELD(7 ) , A ( 3 ,2)
DAT A XZi ~J / 3 9 d o 3 1 . 5 D 0 /
D A T A  i) T ã / 3 . 0 1 7 4 5 3 2 9 2 5 l 9 9 4 3 D 0 /
SN1=DS1N (~.LD(3) *1~I~

j~)
CNI~ I)CO~i (ELD- (3) *DTR)
SUM=DSIN (~.LD (4) *DTR)
COM DCOS (ELi) (-4 ) *DTR)
x M = i)Mo D ( E L D ( 6 ) , 3 6 O . 0 D 0 ) *o r ~
ECC~~.LD ( 2 )
E X K E P ( E CC , LM , 1 . 00 — 10 )
S.LNE=DSIN (11)
CO~~E=DC3S (E)
STA=L)SQL ’T (1. 003_ E . C**2) *Si~ IL~ f (  1. 000_ ECC *COSE)
CTA (~~OS E— E CC ) 1(1. 000— EC .. *,..JSE)
TAA=A ~ KTN S (1d) ,~~TA ,STA)
Tob=TAA + DTII*ELD(5)
CDA DCOS (Toll )
~itiA DSiN (T OLl )
A (1,l)= +COM *CLsA_ S )M*C N I* sDk
A (2 ,1)= +SOfl *CDA +C )ti*CN I*SOA
A (3,1) =*S NI*SUA
A (1,2) — COM *SOA—SOM*CNI *CDA
A (2,2)=_ SL,M*S13A+COM*CNI*.JA
A (3 ,2) +SNI*CBA
P ELD(1)*(l.0D3-E~ C**2)
ii P/(1.ODO+EC.*_TA)
V kt ECC*STA*DS~ RT (X PW/P)
VT kT (XMU * ( 2 .0D0f R_ 1.JD )/E~.U( 1 ) ) _ V R * V R )
1)0 10 K 1 ,i
A (K) .(*A (K,1)

10 X (K+3 ) V R* A (K,1 )+VT*A (K ,2)
U R N

S E N D
DOU~~~E &‘RECI~iI)N FUNCI ION X K E& ’  (.. ... ..,X 41 ,T OL )
IMPLICIT DOUBLE P~(ECISI Od (A-13 ,)—h)

1 - 00 POtiPIAT (101 ,4)11 ** K E P L ~~~5 ~~ U A t i J N  D L D  NOT CON (! E R G E  **)
EU!. 0= A M
00 10 K 1 ,100
SEC=D3IN (.OLU)*r.C~
CEC=DCOS (EULD) ~~~~
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D D A 0 S ( E N ~~*— ~.OL D )
II (DE.LE.TOL) GO TO 20

10 E O L D = E N E W
T Y P E  luO
S TOP

2)  XKEP=~ NEW
R~~~ URN
E N D
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?k(UGRA II E N T E L ~
L L i L’~~ICi T D O U D L E  P CI31O.~ ( A — l ! , . )— L )

820 F O R M A T (/)
137 0 F O R M A T  (14)
1353 POLtMA -r (A1)
1331 FURMAT (A10)
8~~ IO RM AT (A2 )
802 POu~~AT (E12 ,Fb. 3)
13) 14 PORIIAT (L-10.3)
3 05 F J i MAI (14 , I7 ,2 F 1 1 . i , P 9 .2 )
1190 F O R M A T  (1, 200 F J R  A L L  Q( J EL ( I~~5 “ ? “ ,

* / , 15t4 l’tPE “Y” — Y E S ,
* 1, 1St! “ N ”  — N J
* 1, 1613 “5” —

1100 F O R M A T (/ , lkS u R N T E R  D A Y  OF YEAzt )
1133 ? u R L ~1A T (/ , 33ki 1 . N T .~K Y E A R , ~ .u. “l i i i ”  — (14))
801 F O R M A T  ( 3113 ~~TC~ TIME i~ FJ~~i1: O L A M M 3 S . S S S )
815 F U t ( M A T (/ , 1444 u ~ 1LL T H E  N E ~ i1A 13~,C ~~ RVAT LON S bE ADDED TO ,

* / ,L 4413 A N  r L I S T I N G  F I L E  thi E N~~ERED TO A NEW FILE ?)
1316 F U L t h A I  ( 33i1 TYPE “A” Ti) A DD £0 L LL S TIN G F I L E ,

* / , 29t1 TYPE “13” TO D~~1IL~ , N E ~ FILE )
kth O Fui~L1A r V , 4 011 F I 4 E  R A N G E  AMTA ~~~~ S T ) L EL) IN F I L E  ,A 1 3 )
8 75 F O R M A T (/, 14U1! r4u U P D A T E D  5 T A T r ~ ~ E . T J R  WAS STOR E )  I N  ,A 1 3 )
1 3 0 3  I U I t h A T ( 2 1 t - t  E N r i ~~ ObSERVE D RA NUE i~ i(M)
1310 Y O R M A I (bki  Y R / L t A Y = , I2 , 1 11/, i.i ,4A ,

* 74! H/M/ S= ,L2 ,1H/ ,L2 ,lkl/ ,Fb.3)
110 F~ThN A L ( 1 O t f  PF ( 1~D L C T E I )  R A N J ~ ~,e1).2,3H KN ,

* 3X , 12 13 E L E ~ A FION , k ô .  1 , 414 D EG )
113  IORNA ’T (ldsi RAN 3i~ RATE 

:,P1j.~~,711 K M / SE C ,
* ‘41,1213 AhI~t U T I t  ~,Fô .1 ,4u DEG)

711 FoRr!Al’ (1131! OBSERVED RA N~ c. = ,11).2)
71 2 FoRMA T (1dz~ DIFI EIIENC E = ,c 1). ~,iIi K M )
131 3 rDLthAT (16~i O.K. 10 STO E ?)
‘1114 FURBA T (lbn ANY MOR E 0133 1)
9136 kOz ~1’lA T ( / , 3011 ~l U M E R 1 C A L  V SIJ~ Ok “R A N G I N ” )
9~j U F O u N A T (/ , i’e&! t~N TER ALL A,...~.i Fil.~. N ,t M ES IN T H E ,

* / , 3141 ALPHAN J MERIC  FOi~i: L A A X X X . E X T )
4 9 2  tthiMA T (/,4311 ENTER i’UE NA~~E J~ L1i E N E 4  A S C I I  F I L E  IN ,

* / , 384! W 1- !LLi TIl E H A ~~5i~ D A L ’ A i i  20 8E E N F E R E D )
9 ) 3  F U R M A E (/ , J b H ES T E R  N A M E  SI L- £U~~ t . A L S T I N G  FiLE i~~,

* / , JbH ~ H I Cz1 T H E  L4 ,~~*SE DATA AS TO BE A D D E D )
994 F O R M A r ( / ,3613 E N r E ~ N A M E  oF A~~Cii  F I L E  C O N T A L N 1 N ~~,

* 1,2 311 T O E  I N P U T  ~~~~~~ ~r~. r) ~~)
D I M E N s IO N H ( 7 ) , t 4 T ( 7 ) , L K ( 7 ) , i.st ( ’4~~) , L. F ( 6 ) , Lk (7) , T L M E ( 1)
D I M E N S I O N  Xii (4-)) ,P (49) • Q ( 4 5 j )  ,~~ L4 ( (4~~) , W~ (1) ,Y M F ( 1 )  , Z A ( 6 )
u I M E N S L O N  ~.L D ( 7 )  , E L &  (7~ ,~~ . iI ( 1 )  ,~~~ ( 7 )  , D~ (7) ,D X  (7 ), ELX (7 )
CJMMON/INIT/ L ~~IT/XYZ /XE ,Yi ~.,~~./Mk L)I i1/M AX D IM
LOilMUtl/ L.O C/A LA F , A~.ON ,A ET ,i.Si’A1
LUMM ( J N / b i A S / B L A S / DAI &/ R D A L A
~.0M MUN/~ r~U/AMU ,R E ,XJ2
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D I M E N S I O N  N Y S T ( 2 0 )
LOG ICAL PAST
DATA M Y S T / 4 0 9 3 1 ,441 316 ,4 lc, c~4 ,4 4 2 O 4 l,’ 4 2 ’ 4 12,

* ‘4 27 77 ,4.3 143 ,43 ,Uks ,436 73 ,4 ’4 238 ,
* 4 4 4 6 0 ’ 4,44 96 9,4 5334 , o99 ,4b ObS ,
* 0,0,0,0,0/
PA ST=. FAL SE.
KTAti=1
T Y P E  9136
TYPE 988
TYP E 1315
TYPE dib
ACC EPT 850,LNA
IF (LNA.E ~ .1HA) BCCESS=’A~’~~~ND’
IF (LNA. E~ .1kib) ll CESS~~~i,~~OJf’
iF (LNA. E~j.1k1A) CCCESS= ’S&~.jIN JUE’
IF (LNA. EQ.l tib) C CESS=’~~EJ1N’
IF’ (LNA. E~j.1kiA) TYPE 993
IF (LNA . EQ .1HU ) TYPE 992
ACCEPT 851,YNAIE
IF (LNA.NE.1HA ) GO TO 21
O P E N ( U N i T = 2 1 ,ACC E~ S= ’SE~J I N ’  ,? IL = Y N A M F . J
DO 10 K = 1 , 2003
REAL ) (21 ,B0S ,cN D= 1 1) K K A ,K K L I ,.L A A ,I A o ,X X C

10 KT AG=K KA + 1
11 CLOSE (UNIT 2 1 )

21 TYPE 9944
ACCEPT 1351,X N A M E
IF (XNA NE.E~ .YNANE ) GO TO ~ 1
O P E N  ( U N I T 22 ,A CCE SS C CC~.3S , F L L E = X N A M E )

C EN TER STATION CO OR D I N A T E S
LSTA1= SHBLMPT
LLAT=+ 313.431’4 1 ‘400
AL O N = 2 & 3 2 . 9  135 133 00
ALT=—0.0 24700

LRDATA 21
LUDCLN=2 2

C READ IN FROM DISK FILE INLTI kL G UESS FOR ELE ME Nt S
CALL LNOD (X ,EPOCH,ISAT,N0135,RMS,I3LAS ,LUDCIN,XM ,LF,LN)
CALL FORCk.(LV (1),LF (2),LF(i),LF(Le),LF(5),LF(6))
C A L L  ST A TEL (A , ELD)
CALL DEGRAD (SELD~ EL B)
CAL. !. ELH E L N ( E L I I , EL N)
DDTT=STPShE (X ,3.OSDO)
bIAS O.ODO
E L M  (7) BIAS
TY PE 89~

C ACCEPT TIME AN D RA NGE
• 30 T Y P E  833
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ACC EPT 1370 ,ZIYSZ
ZIYSZ MOD (HYSZ , 100)
MY SN NYSZ—70
IF (MYSN.LE.0.OR.MYSN.GE.1b) ~.,u Ti 30

40 TYPE 1303
A~ CEPT 1370,M DA Y
TYPE 1301
ACCEP’I 1302,JR ,J M ,SEC
T Y P E  813 ,M Y S h ,~~D A Y ,J B , JM ,SEL
MJD MYST (MYSNI +MDA Y
I~~EC J R *3 6 O 0 . O U )  ii  M*60.ObJ+SE...
T I M E ( 1 )  ( M J D _ 14 3 5 8 7 ) * 8 6 1 4 0 0 . O D O + T h E
RA= I4ANGE (ELN ,TLME( 1) +1.000, EPOCH)
RB =RANui~. (ELN,T L ME ( 1 )  —1.0 1)), E P O C H )
RRATE= (R A—RU) /2.000

D I N C I t h = ? I I I E ( 1 ) — E P ) C H
I F  (DADS (DINCRM) .~~E.S.0D+b ) ~J £0 ‘40

8713 F O R N A T (2 0H U P L ) A T E  S T A T E  V E . TOR ,F 1 3 .2,bIi H O U R S )
U H O U R = D I N C R N / 3 6 0 0 .  000
If (DALIS (UINCI i).3T.144’403.0U3) LYPE 878,DHOUR
CA LL FOUR(I,EP)CH,TIME(1),— 1 ,001r)
E POC H TIME (1)
CALL S’TATEL(X ,ELD)
CALL DEGRAD(ELD ,ELR)
CALL ELRELN (ELLI,EL N)
Yk’RED=RANGE(ELN , EPOCH , EPJ~ 13)

CALL A~ E L ( 1,TIME (1) ,AZ IN, e.LEV, 1, K~.Y)
T Y P E  713 ,R R A T E ,A Z I M
T Y P E  7 10 ,Y P R E [ ) , E L E V
TYPE 1303
ACCEPT d044,YOD S
YfIF (1) =YOOS— Zk’HED
TYPE 712 ,YNL’(l)

414 T Y P E  d l i
ACC EPT 8S0 ,L N Y
IF (LNY.E~ .1Llt!) GO TO 46
Ii’ (LN1. k.~ .1HE) GO 10 50
j r  (LNY. E~ .1Hfi $ &0 TO SO
IF  ( L M E . N E . 1 L I Y )  GO TO ~ l4
I V  ( P A S T )  b C C k~S S ’  A P P E N D ’
0k’E N ( u N L r = 2 1 ,ACcE s 3 = BccE5 ~ •FILE INAIIE )
WR IT E (LR UATA ,805) KTAG ,MJ&1,1’~ E_ ,YJuS,Y M F (1 )
C&.OSE (UNLT ~~~~i
PAST . rR tIE .

446 TYPE d lii
ACCEPT a50 ,LNY 4

IF (LNY. E~.j.IH1) Ce) TO ‘40
L Y  (LNY. E~ .1kIE) GO TO 50
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IF (LNI.EQ.1HS) GO 10 50
IF’ (LNY. Ec~. 1IIN) GO TO SO
GO TO 46

50 CLOSE (UNI2 22)
TYPE 1303,YNA ilk.
STOP
LNI)

S U L S R UU T I N E  A h~ L ( E ,T,Al~,ELV ,iNL),KEY)
IMPLI...II DJUth.E k’R ECISION(A—ti ,U—h)
DIMENSION R(J) ,R Z ( 3 ) ,S (i) ,FLli(3) ,EUET A (3) ,1Il(3)
COMIiOZ1/LOC/XLAF , XL ON ,A LT ,LsTA l
C O N MON /M O C /Y L A T , YL ON ,LILT, LS1/I2
CO?ILiON/NOC/ZLAT, ZL ON ,CLT, LSTAJ
LM M L I O N / I N U / A M t J , R E , XJ2
DATA DTa/.017’4532925200/
D A T A  E P /O . 0 1 3 H 1 3 3 3 4 02 D0/
DAT A P12 /1 .57)79632700/
THETA (1) =XLA T*DTll
T H E T A ( 2 )  = Y L A T *  OTE
T H E T A  (3) = Z L A T *D F R
PIl l (1) = X L . O N * 1) r R
PHI  ( 2 )  Y L O N * D r R
PHI  ( 3) = Z L O N ~~0tH
X ki(1) =ALT
X li (2) =BLT
A k !  (3) =C L T
T0= ID1N T (T/k36’400.)D0)
TF= L)MOD (T,86~4OO .)D0)
CALL uHA7o (rF,rD ,~~,0.0D0,J N )

SL.=DS IN(T I I ETA (LND)
LL DCOS (T HETA ( I ND)
SP= DSLN (PHI (IND) )
LP DCOS(PL4I (IND) )
SG DSZN (G )
LG DCOS(G)
RZ( 1)=4 R (1) * C , #a ( 2 ) * S G
RZ( 2) =—R (1) *S~ +R (2)*CG
RZ(i) +d (3)
XN ZIE/USQRT (1. U0_E P*EP*D~ IN (T H ETA (I~~D) )
R h ( 1 ) = R~ ( 1 ) — ( X N - I - X H  ( I N D ) ) *~~L*~ P
Rh (2) =Bh (2) —(LN+XU (IND)) * * 3~

SW DS LN ( P H I  ( L N D )  +P12 )
CP DCOS(PLiL(IMU) •P12)
SL= DSIN (?12—TLIETA (IN D))
C L = D C o s ( P 1 2 — T M E P A ( I N D ) )
S ( l) +C P* HZ( l I +SP* RZ(2)
S (2)=- .P*RZ(1) ,CP*RZ (2)
S(3) +H Z (i)
Rh41) +S(1)
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R h  (2)=+CL *S ( 2 )  +sL* s( 3)
R Z ( 3) _ 3L*S(2 )  + ..L*S(3)
A Z = A R I ~TN S ( J b 0 ,d 2  ( 2 )  , RZ (1)) /DTR
EM=DSQ~ T (z!Z(1) *R Z (  1) +RZ(~ ) ~~~~ (2 ~ +t! h ( 3) *1(1 (3) )
SEL I(h (3)/RN
LEL DS~ R T  (1. D)_SEL*SEL)
ELV=ARKTNS (1dO ,CEL ,SE L ) / JTR
K EY= 0
IF’ (ELV. GT.O.000) KEY= 1
R E T U RN
E N D

DOU BLE PHECISION FUNCTION ~LAN GE(ELN ,T,TN)
1flPLI~~IT D O U B L E  PR ECISION (A—d ,0—~ )
L O M M O N / B I A S/ BIA S
DIMEt4SI’JN E L N ( 7 ) ,E LR ( 7) , r~.U ( 7i ,~~X ( 7 )
CALL ELNELR(ELN ,ELR)
C A L L  R A D D E G ( E L R , EL D)
CALL ?OSION(T,XSTAT,YS TA T ,LSTAf)
CALL uitGIl ’(ELD ,RX ,T,TN)
R 2  ( X S T A T — R X ( 1 ) )  ** 2+ (YSTAT— ~ X ( 2 )  ) **24 . (ZSTAT—RX (3)) **2
R A N GE~ D3QR? (E2) +131 AS

E N D

‘5 62
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PR OGRAM ~J~ NE11
1N P LI~~iT 030oLE P~~ECISiJ~ iA— &l ,O— L)

1013 A ”oRNAr(~~I2,f6.3)
101 FORMAT (o1S.10)
13 1 FORM A l  (///)
103 FUI t IA T (A 2 )
104 FORNA T ()A5)
107 F O R M A T  (A lO )
111 FURMAT(I5)
125 FO~ MA T ( A 1)
130 FURMA T (4H END)
126 FO RMAT (1611 T Y P E  “ V ”  OR “ N ” )
106 FORMA T (//, 1513 FINA L STAT~ IS)
300 F O R M A l  (I, l7ii ADL EW PRINC~~LJ i ?)
400 FORNA T (/,2011 FOR ALL QUERi~ .i “ ? “)
371 FORMA1’(/,24H ~A N T  LI ST 1N~ ON DISK 

~ )
370 FORMAT (/,24H WA ~ T T E L E T Y P~ LI ST I N S ?)
372 rURLiA T(/,4013 c~N T Ei~ ASC I I  F L L r  NAME. oF OUTPUT LI3TLNG)
409 FORMAT ((.3913 ENTER , PI~I N T  1N C ~~~V A L  IN HOUR S — lU .  H U H )
11)5 FORMAT (//,2913 iNITIAL . STATE ~Ni) i~P i C U  F OR ,A5 ,i413 ARE)
100 FORMAT (/,JSil ENTEH INTEG LION ANE ~~iiVA L IN DAYSI
102 F’OLINAT(/,33H 1)UHTH Oz~ NINIB J~ i)ER LNTE SHATOR )
11 3 FoRMAT (/,2313 ‘lOVE STARTING PJI~ L HY ,F10. L4 ,5H DAYS )
120 FURMA T (/,~.44H R OUTINE DOES 001 ~ Od~t FOR REVERSE LINE SPA N )
110 FORNA I’(/,4014 ENTER LlOU~~S,MiN ,S E~ IN FORM HHMNSS.SSS)
109 IORNA F (/,3613 ENFE~ MOD J U L . L A N  D A T E  OF START T I M E )
181 FOR MAT (/,3411 ENT ER HOUR OF DAY iN  F O R M  Hil — 12)
112 FURMAT (/,3613 ENTER MOD Jth~IAN D*i~.. ~ f  STOP TI ME)
230 k’ORMAT (/,i9H ENTER ASCII kLL~ N A N ~ OF INPUT VE:flE)
210 FORMAT (/,4213 ENTER ASCII FILL NAN ~ OF OUTPUT EPHEMERIS)
230 FORMAT (/,39H ENTER ASCII FILL N A L 4~ OF OUTPUT VE TOR)
114 F OaMAT (/,2413 INTEGRATION rIME SPAN = ,F10.4,5 11 DA Y S )
310 F O R M A T  (/ , 23 13 T Y P E  “A ”  — AL ERT ~~O O E ,

* /,25k! “8” — ~~LiPSi?. IJUr.,
* / , 3313 “L”  — E~ dE~1ERIS GENERATION ,
* /,40H “I) ” — Li dk’DkTr. STATE VECTOR ONLY ,
* /,14913 “E” — TO LI~~T STATE AT SPEC IFIED INTE RVAL S)

127 FORMAT (1, 2 6k! S A V E  F I N A L  ~ TA - L a~. V~~~T) k  ? )
L ) I M E N S I O N  X ( 7 ) ,E LD (7 ) , t i N ( ( 4 9 ) , L F ( 6 ) ,L R ( 7 )
CON N ON / L O C / X L A F , ILON S ALT , L. ’TA 1
~..QMN ON / M O C/ YLA? , YL O N ,RL T , i .NT A 2

- 

L. ONN ON / NOC / ZL .A t , ~L ON ,CL T ,LS’Z A i
COMMON/S IIAUO/KKEEY Y / D X D Y D Z / u A , 1)1 ,Jh
COMMON/ rSTEP /TSTEP / BIAS/ &iLAS

• J M M U N/ A R R E V/ A H R  EV KEY /KEIS ,Rc. 11
LOG ICAL A~ REV , ALE R T, ECLPS, r.Plic.M, UP1)AT,KLIST,MLI3T, NLIST
D A T A  KAA /”202517170312/
D A T A  K ks13/”202346’420336/
DATA KCC/”71131163 4500/

_ _ _ _ _ _  _ _ _ _ _ _ _  _~~~~~
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LSTA1=5k413L11J’T
X L.AT~~+3~3 . 4 3 1 4 1 L 4 0 0
X LO N 2b2.9 13~~i3 DO
A L T  = — U . 0 2 ’4 7 D )
L S T A 2~~SH I T A L 1
Y LAT~ + 14 3. 7544 DO
LU N + 11. 25500

LiLT :+O_ 18040)
LSTA3 5I3INUAA
h LAT Z +~~i. 0330)
ZLO N~ + 72.5d3 D~
CLT +Q .ODO
a,IA S~ 0.OD0
L.UIN~ 21
L U O U T ~~~2
LUS A V 23
K K E E Y Y O
i~ EY3~ C)
K EY M~0

L4 TYPE 31)
ACCEPT 125 ,L N A
ALE RT. FALSE.
RCLPS .FALSE.
E P H E M .F A L S .
U k ’J A T .t’Ai.SE.
K LI 5T. FALSE .
IF (LNA. E 1~.1HA ) A L T ~~.TLt LJ~~.
IF (L tiA. E~J.1 Hd) EC LPS= .T~ UL.
IF (LNA. E~j.1

U_ ) EPdEM= .TRLL .
I F  (LNA. LJ.1kl[)) UPDAT= .T&iUE.
IF’ (LNA . E~~.1h~~) K L I S T= .T~t J t . .

T Y P E  2 03
AC CEPT 107 ,X N A I L
OPEN (UMI’i’ i1 ,A . CESS ’SE .~iN ‘,FLL .= XNAME)
L V  (.t4Of.EPt!E~I) GO TO 7

T Y P E  ~ 10
A CC EPT 107 ,1NAl~
IF (ANA lE.E~ .Y NANE) GO TO
o P r . N  ( U N L T 24 , A C C ESS ’G E ~~JU T ’ , FLL ~~~t N A M E )

7 R4 NIND LUIN
TYPE ‘e03
T Y P E  1 6
LV (EPrIEM) ~LE ’øI.~L LUOUT
CAL L.  i N G E N ( X , TS?AR 1’, t SA T ,0J uS , Uul S , D i A ~~,L U I N ,

* I M , K S T A R T ,K S T J P , JL , JL. , ’tF ,TL ,EF ,RL ,
* LF , L R )
CALL. VURCL(Lk(1),LF(2),Lt (i),~.i(4),1.F(S),LF(6))
I?  (A L.EW T )  D D r r = S T P S Z E ( X ,). I QDO)
IF’ (ECL? S) U1)TT=S1PSZE(X,~~.~~2J1)3)
IF  (E~’H E M )  u u rr = sr p szE  (X ,J. 0321)))
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IF (UPOAT) L~OFL 1TPSZE (X,i. u ’4uJ~
IF (KLISr ~ uDCr=~~rPSZE (X,j. O’4 u 0 )
TsT EP~ L ) U T T
T Y P E 10 ,ISA T
C AL L P A P E R  (X,L SL A R T )

IF (ALc.RT) ~o Ii 75
I F  (ECLPS) GLJ T O  35
If (EPIiELI) GO TO 12
£r~ (UFUAT) GO I)
IF (KLISI) GO £0
GO TO 4

E ? n r . L I E R L S  o E N r ~~A T L O N  CUD~. ~oNTLNUES HERE
12 TIP r. 109

A C C E P T  111 ,NJIJ
It (IA ~si (I1JD— 443 OO).GT .10O)u~ ~i~i 13 12
TYPE ldl
ACC EPT lOd ,MH
T GI N ( ~iJ L)—4i~~d7) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3D)
TYPE 113 ,TEL.
A l (TEL.E~ .0.)DO ) GO TO
CAL &. FOUR (X ,T~~TA RL ,THEGlL~,—1 ,DoTt JTY~~ 105,ISAT
~~~~ PA R(x,r~ftoIN)

6 TYPE 300
ACC r.i~T 125,L N Y
IF (LNY. Ec~. 1HY) AUREV= . TL ~ J E .
IF (LNY. E~ .1HN) A BREV .FALS,c..
IF ( L N Y . N L . 1 H i . A N D . L N f . N E . l d t )  , )  Li 6

‘3 T Y P E .  112
ACCEPT 11 1 ,M Jo
I~ (IAB S (MJD—43~~0)).G’T.1Jj0O) uJ i i  8
L’YPE 11)
ALC ,Ek ’ T 1013,M11,iN ,S~~
TSLOP = ( 4 I J D _ L 4 ) 5 1 3 1 )  *8 00. )U+MH*3~~J D.ODO,MN*6O.)D0+SEZ
£ E L  ( T S ? O L ’— T u E ~~L N )  / 8 b4 0 0 . 3 0 C,
TYPr. 114 ,TEL
It (Tr.L.Lc..0.)ii)) TYPE lEO
IF  (TEL . L~.. J . ) U 3 )  STOP
L.ALL FIND4 (X ,ELI EUL N ,TSTOk’,U D L I ,L A T ,LU OU T )
V R I T E ( L J OU ? , 133)
C LOSE (UN 1T 22)
GO TO 441)

C ECLiPS E. AND UPDATE CODE ONTI~~UE 3 1IERE
35 i.F (EC LPS)  K K E E Y Y ~~1

I F  (U PO AT)  K K E E Y Y O
T Y P E  11~A CCEPT 111,MJD
IF (IA DS (MJU—143503).GT.10000) Go 1.) 35
T Y P E  110
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ACC EPT l0d ,Mh1 ,NN ,SEC
TS’LOP = (NJD~~’43S87 ) *86430.JD0+~~j~ 3~~3~~.3D0 +MN*6Q .)D3+SEc
f l~.L= (TSTOP—TSTARL) /86400.-300
T Y P E  11~4,TE L
CALL FOG R ( X , FS T A RT  ,rsroP ,—1 ,L)DTT)
GO TO 4)

C LIsTING OPTION STARTS LlE~~
90 KKEEYY=O

T Y P E  1 12
A CC EPT 1 l1 ,M J D
IF (lABS (MJD—L43503).GT.l333u ) GO £0 90
T Y P E  113
ACCEPT 10d ,Mrf ,NN ,SEC
TSTOP (IiJD—4)5137) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘I AL (IsTOP—IST ART) /d6400.D~)0
TYPE 11 44,TE L

‘91 TYPE 409
A CCEPT 1O 1 ,XSTEP
I F  (DA8S (XSTEP).GF.1.0D+4) GO Ti 91
ZSTE.P=XSTEP*3b0.)
IF (Tr.L.L.E.O.)00.)R.XST P.~.~...~~1))) TYPE 120
IF (TEL.LE.O. 000.)R.XSTEP.i.E.v.)D)) GO TO 90
r4LIST .FALSE.
N LIST= .FAL Sk. .
T Y P E .  .370
ACCEPT 125 ,LN I
i F ( LN Y . E cj . 1 H 1)  M L I S T = .T R J z , .
T Y P E  371
ACCEPT 125 ,L N Y
IF (LNY.EQ. 1H!) NLIST~~.T&t d~~.
IF (.Nor.NLIST) GO 10 99

913 TYPE 372
A CC EPT 1O7 ,Y N A M E
IF (XNAME. EQ .YNAME) liD TO ~id
O P E N ( U N t T = 2 2 ,A C C E3 S= ’SE~j JG T~~, t.rI 1..r . =YN A M E )

99 T1=TSTAOT
TYPE 131
IF (MLIST) CALL. L’A?ER(X ,rSrA~~~)
I,F (NLIST) CALL DAPER (X ,T.. I’AdT ,l.UOUT)

-92 T2=T1+ZST~ P
CALL FO~~~(1,T1 ,T2,—1,DDTr)
IF (DAbS ( r 2 — T S T O P )  .LE. 1.00)) GO £0 94
IL’ (111.15?) CAi.L PAPER(X ,T2)
IF  ( N L I S T )  C A L L  D A P E R ( X , T2 , i.4 J J U T )
I F  (1)A LiS- (12—T3.E)P) ~~~~~~~~~~~~~~~~~~~~~~~ GO TO
1? (T2.GT.TSTOP) 30 TO 944
T 1=T 2
GO TO 92

9~ cALL F’uuk( (x ,T2 ,rsroP ,— 1 ,o1)L’T)
IF’ (N1.i5Z) CALL PA PER (X ,TSIue)
IF  (N L. I ST )  C A L L  D A P E R ( X , E S L O P ,L U O U T )
TYPE 131
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IF  (141.1ST) C L O S E  (U NIT 22)
GO TO 40

C A L E R T  P R O G R A M  S T A R T S  H E R E
75 T Y P E  112

ACCEPT 111 ,NJ O
T Y PE 113
ACCEPT 108,NH,MN ,SE C
TSTOP ~ (M J D — 4 3 5 8 7 )  *8 6 4 0 0 . 0 0 0 ,M H *3 0 0 3 . 0 0 0 ,M N *6 0 . 3 0 0 + S E C
TE L= (T SroP—rSr  A R T )  / 86400.300
T Y P E  11(4 ,TEL
CALL SI~ (X ,T S T A R T , TST OP ,— 1 ,00TT , I S A T )

C ALL MOD E S I N C L J D E  THE FOLLOWING COOL.
140 CLO SE ( U N I T = 2 1 )
445 TYPE 106

CALL P A P E R  (X ,T S F O P )
TYPE 127
ACCEPT 125 ,L N Y
IF  (LNY. EQ. 1H N )  R E T U R N

50 T Y P E  230
ACC EPT 107 ,Z N A M E
IF (~ N A M E . E~~. Y N A M E )  GO Ti 50
OPE N (UN 1T 23 ,ACC E S S = ’S E Q J U T ’ ,FIL .E h N A M E )
REW IND LUSAV
CALL OUT GRN (X,TSTOP,ISAT ,NOL$S,RMS ,DLAS ,LUSAV ,

* WN ,K S T A RT ,KS TOP ,JF ’, J1., EF ’,TL ,BF ,BL ,
* LF , L R )
CLOSE (UNIT=23)
ST OP
E N D

S U B R O U T I N E  F IN D I 4 (Y ,TBEGIN,T STOP,DT.ISAT ,LUOUT)
IMPLICIT DOUBLE PR ECISION (A—u ,i—~ )
CONNON/ ?STEP/TS T EP/N CA L/NCAL
COMNON/KEY/KEIS , KEY M
DIMENSION X(7),Z.(7)
N CA L 0
K £ I S= 0
K £ I 1 0
CALL RTT LME(?dE~~IN,?STAR? )
IF (DAUS ( T B E G I N — T S T A R T ) .L? .0 .3103)  GO TO 10
CALL F O U R ( 1 ,T B E G I N ,? S T A R T ,— 1 ,DT)

10 X N ST EP ( T S T O P — I 5 ? A R ? ) / L ) ?
!NSTEP D A 4 $ S ( X M S T E P ) + O . 000100

• N M S T E P = I D I N 1 ’ ( Y M S T E P )
IF (N~15TEP.LT . 1) N N S T E P = 1

?STEP TM STEP
CALL OUTPU (X ,T S TA B T,ISAT ,LUOUT)
X (7)-~?S?A HT
T N E X T T S TA 9 T + 1 2 0 . 0 0 0

20 DI PF D A B S ( T N E I T — X ( 7 ) )
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IF (TNEXT. LT.X (7)) GO TO L43
IF (DIFY.GT.TSTEP/2) GO TO ~O

‘eQ CALL r A N D G ( x ,~~, r N E x r ,x (7fl
CALL OUTPD (Z,ZNEU ,ISAT ,4.JOUT)
TNEXT=TNEXT +120. 000
GO TO 23

50 IV (DABS(TST OP—X (7)).LE.1.ODJ) ~O Ti 70
IF (TSTJP.GT.TSTART.ANo .h(7).GE.rsPoP) GO TO 70
if (TSTOP.LT. TSTART. AN D.X(7).LE.1’S?OP) GO TO 70
CALL RIS K (X)
GO TO 2O

70 R E T U R N
E N D

SUBROUTINE SIX (X ,T ST A R T ,TSTUP ,INE ,DL ,ISA T)
IMPLICIT DOUBL E PR ECISION (A—k1,)—~ )
CONMON/TSTEP/FST EP/NCAL/NCAL
CO1111OLJ/KEI/KEYS, K E YM
COLI MON/XMU/XIIU,IIE, XJ2
DIMENS iON X ( 7 )
LOGICAL L P R L N E , SEE
N CA L=0
K El S 0
K E Y M O
LCOI4= 1
1) D1 D ‘A’
ELLAST O. 000
SE.E=. TRUE.
LPBINT=. TRUE.
IF (INT.Ecj.— 1) LPRINT= .FALSE.
11 (DA13S (DDT).LT.1.OD—44) DbT~~iTP ShE (X ,0.0bD0)
X MSTEP= (TSTOP—TSTAB?) /DDT
ZNSTEP=DAais(X’IsrEP).0. 00011)0
N i1STEP~ L DINT (Y MS TE P)
IF (NMS?EP.LT. 1) NMSTEP 1
TM STEP = ( T S T O P — T S T A R T ) / N M S T L P
TSTEP= TMSTE?
X (7) TS?ART
If (LPRLNT) CALL PAPER . (X,X(7g )

10 CALL RISK (X)
C A L L  A 1~E L (1, X ( 7 )  ,AZ , EL. , 1, M E l )
IF ( E L . L A S T .E~~. Q . 0 D 0 )  GO £0 ii
D E L D T =  ( E L — E L L A S T )  / TS TEP

H IF ( EL . J T . O . 0 0 3 .A N D. SEE) 13 15
IF ( E L . L E . 0 . 0 0 0 . A N D . .NOT .Sr .E)  io ro  15
T M E = X ( 7 )  — E L / D E L D T
IL ’  (EL . GT . O . 0 0 3)  K E != + 1
IF  ( E L . L T . 0 .0 U l )  K E Y = — 1
C A L L  I N S P C ? ( T M E ,K E Y ,I SA T)

15 IV (E .L .G T. 0 .OD3)  SEE= .T R U E .
IF  (E L . LE . 0 .0 0 0 )  SEE =.FA1.SE.
E1.LAST EL
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IF (DA BS (TSTOP—X (7)).LE.1.300) SO 1) 30
IF ( T S T J P . G T . T S T A R T . A N D . A ( 7 ) . G E . T S T J P )  GO TO 30
if (TSTOP. LT.ESTA 1 T.AND.h(7).Lr..TSTJP) GO TO 30
IF (INT. E~ .O) 30 TO 20
IF (LCON/LNT~ LNT .NE .LCON ) GO A’O 23
IF  (L P R I N ? )  CA LL P A P E R (X ,A (7)1

20 L C ON = L C 3 N + 1
GO TO 10

30 iF (L2~~L N T ) CALL PA P E R (K ,X ( 7 ) )
t E T U R N
E N D

S U B R O U T I N E  I N 5 P C E ( T M E , K E Y , I S A F )
IMPLICIT DOUBL E PR ECISION (A—d ,J—1)

11)4) FOBNAT (1X,IS,2L ,I2 ,2 H H H ,1L ,I4,3 R M I N ,1X ,F6.3)
101 FORMAT (/ , 1I ,A5 , 1X , 1OH RI SE T iME)
102 F O R M A T (/, 1X ,A5 , 1X , 1OH SE~ TiME)

IF (KEY.GT.0) TYPE 101 ,IsAr
IF (KEY.LT.0) TYPE 102,ISA T
Lt J D~ 405b7.TME/13640 0.000TSEC =DP130 (?M E, 8643 0. 01)0) .30.01)0
MH T SEC/36 00. 31)0
MM DMOD(TSE C,3600. 01)0)/60.1)03
TYPE 103 ,MJD ,MH ,MM
NETUdN
E N D

SUB R O U T I N E  O U A ’P D  (X ,Z,ISAA ’,LUOUT)
IMPLICIT DOUBLE PR ECISION (A—8 ,)—Z)

130 FORNAT (2H )

101 FOL4MAT (LI H SAT,1X ,A 5,4H MJL),1A ,I5,’e lI LAT,F6.2,
* ‘eli LON , F1 .2 ,4 H RN ~,.2F1 3 .2 )

102 FORMAT (14 H LSP,1X ,A 5 ,2F6.1,F 1O.4 ,2 ( 1i,A5 ,2F6 .1) )
103 F’ORNA T (44H GMT ,1X ,l1I1 ,1X ,JF 9.1,1X,3F9.6)
104 FORLI AT (14 d N L N ,1X , Il4,1X ,3V~~.1 ,1L,3F9.6)

COI)MO14/LOC/XLAT, XL.ON ,A LY ,LSTA 1
COMMON/N OC/YLAT, YL ON ,BLT , L5TA2
COMM ON/N OC/ZL &T , Za.ON ,CLT, LSTA 3
DIMENSION X(7),L’SGN (6),PCIJJI4(bJ ,XL .OAD(15,6)
COMMON/A L EV/AHL ( EV
LOGiCAL A R R E V

M J D I D I N T ( T / B b ( 4 0 0 .  ODO) +405 87
M I N D M OD (1,8 64 0 0 .O D O ) / 60 .JU0 $-0 .33100
JE! 110D(MIN , 30) 

- -

J ( J E Y + 1 ) / 2
DO B K 1 ,6

S X L OA D (J , K ) = X (K)

IF (JEY.NE.1.~~ND .JEY .NE .1 .AND .JEY.NE.29) CC) 136
CALL P0SION(r,X ST A ,!s’rA ,BSTA )

• R2 (X(1) —X STA )**24 (X (2)_YS1A )**2+ (L(i~ _ZSTA)**2
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R1=DS~ dT (R2)
IF  (JE!.E~j.01) RU1=R 1
IF (JEY. EQ.1S) R15~ R.1
11 (JEY. E~ .29) R29=R 1

6 IF (JEY. NE. 1) 3J 10 7
CALL SUN (T ,PSU N )
CALL MO O N(T ,PMOON)
R M D Sc~ar (PSUN(1)**2+PSUN (2) **E+PS1JN(3) **2)
SA PSUN (1) /itM
SI3 PSUN(2) /Rt1
SC P S U N ( 3) / RN
CALL A h E L ( I ,T,A~ 1, ELi, i,~c~~i 1)
CALL A Z E L ( X ,r,A Z 2 ,EL2,2,KEI2)
CALL A Z E L ( X ,T,AZ 3,EL3,3,~~EY3 )
CALL PLAC E(T ,X(1), X(2),X(3),~~~T,LLN)

N IN N I N
KHR MLN/60
LH1O KH L/ 1O
1.81 =Z100 (Ktl H,10)
LN1O NOD (MIN ,oO) / 10
L111 1100(MIN ,13)

7 iF (JEY.Nk..29) RETURN
VR ITE (LUOUT,133)
~iRITE (LU OUT ,1)1), ISAT ,MJ .~,LL.L,X L N ,R15 ,R29
mE ITE (LUOUT .,132), LSTA 1,A i1 ,1L1 ,R.O 1,LSTA 2,AZ2 ,EL2 ,

* L STA 3,A L 3 ,EL3
isRITE ( L U O U T ,1 3 3) , LH10 ,Ld1 ,~~ l 1O , LL11, ( P M O O N ( K ) ,K 1 , 3)

* SA~ SB~ SC
DO 10 J=1 ,15
JIN NIN +2* (J—1)
11 (J.NE .1.ANU .J.NE.8.AND.J.NE.15.AND.ABREV) 30 TO 10
WRITE (LUOUT,1044),JIN,(X ~ JAi (J ,K),K~~1,6)

10 CONTINUL.

R E T U R N
END

SUBROUTINE AhL.L(it,T,AZ ,E&.V,IM 1),KL.l)
IMPLICIr DOUBL E PR ECISIOt4 (A—d,U—h)
D I M E N S I O N  R(3),R h (3),S(3),Pdl(i),ZBETA(3),X H (3 )
C Of li1 Obs / ~.OC/ XL . A i ’, XL QN,A LT ,A. SZA 1
coMMoN/ Noc/YL.Ar , YL.O N ,BLT ,LSrAE
CO1~MoN /bOC /ZLAT , ZL UN,CLT ,L.STA3
COMMON/LMU/X MJ ,R E , XJ2
DATA DTR/.017’4532925200/
DAT A EP/0.08181333 402D0/
DATA PI~ /1.57)796327D0/

T U E T A ( 2 J = Y L . A r * D r R
TUETA (3) ZLAT* OFR
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P i L l  (1) =n.UN*DFH
PHI  (2) =1Lo N~ Dru
PHI (3) ZLON*DTR
XH( 1)=ALT
X H (2) L1LT
XH (3)= CLT
T1)=IDINI (1/86400.300 )
TF= Dl100(T,136430.300)
CALL (St*A7U (IF ,1L),3 ,O.000,JM)
li G*DTR
G L D SIN (THETA(INO) )
CL= DLOS (THETA(IND)
SP= DSIN (PtII(fl4D))
C P D C U S ( P H I  ( I N k ) )
SG= DS IN (G)
CG DCOS (G)
R l (1)~~+R (‘1 ) ~C,4R (2)*SGR Z ( 2 ) = — R  ( 1 ) * S 3 + R ( 2 ) * C G
RZ (3)=+a (3)
XN=kE /D S~~k T (1. D3_E?* E2*OSIN (A’dE rA (LN D) ) ** ,~ )
RZ(1) Hh(1 )_ (LN+XU (iND))* CL*~~P
11Z(2)= RZ ( 2 ) — ( L N +Xfl  ( I N D ) ) * C L * S P
R Z ( 3~ =RZ ( 3 ) —  (XN* (1 .LI0—EP*EP ) +XB (I~~L)) ) *SL
SP=DSIN (PHL (LMDj +P12)
CP= DCOS(PHI (IND) +P12)
SL= DSIN(PI2— ?rIETA(IND)
CL DCOS(PI2—Ttl t.FA(IND))
S (1) l-CP*d.Y.(1) +SP* RZ (2)
S (2) —SP*R7.(1) #CP* RL (2)
5 (J)=+~ z (3)
8~h (1) +5 (1)
RZ (2) =+ CL*S (2) +SL* 3 (3)
L I Z  (3) ~SL*S (2) + CL* S(3)
A~ =ARKTN S (360, H/. ( 2 ) ,  RZ (1)) /1)111
R M= DS~iR1 (LIZ (1) *RZ ( 1~ + R h  (2~ ~Rh (2j  •LI~ (3) *RZ (3))
SEL RZ (3) /RM
CEL ~~Ds~~R T ( 1 .  D)_SE1.*SEL)
E LV=A RKTN S (18J ,CEL ,SEL) /DTN
K E Y O
IF  (t .LV. G T .0 . 300)  K E Y = 1
R ETURN
END

SUBROUTINE IN3EN (X ,T,IDE14,bOd 5,R1t~ ,LiIAS ,
* Lu OUT ,V~ ,IcSrAR T, KST OP,JL’,JL,TF ,TL,
* ktF ,R.L,1.F,LR)
IMPLI CIT D O UB LA ~ PRECISIO N (A— d ,O—h )

100 FO RMAT (2R
101 f ORMAT (6 11 SA T ,7X ,A5 ,2X ,.SHA ~,Vi2 .2,2X ,5flX = ,F12.2 )
102 FoRM AT f 6H MJD , I12,2~~,5t1 E ,f12. 8,21,SHY = ,F 1 2 . 2)
103 FORMAT (6K TSEC~~,F12.3 ,2h ,5Hi ,F12 .4,2X ,50Z ,F12 .2)
104 FORMAT (oH NOB S= , I12,21,5HNODR=,F12. l1,2X,5HXD =,F12.7 )
105 F ORMAT (bli LI M B ,F12.i ,2X , uPRRI~ ,F12. 4,2X ,5HY D ,F12.7 )
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106 FORMAT (613 BIAS= ,L’12.3,2X, th.~Ai~= ,Y14.4,2X ,5H~ D = ,F 12 .7 )
107 FORMA T (ilitI C )VA RIA NCE MATR L~ )
lO d FORMAT (8X,184,21,2X ,BHE CJS (Il),2L,BHE SIN(W ) ,

* lx , 1111, 6X , (IIINODE, 1L 3t~8+l , bL , ieH UIAS)
10 9 FO RMAT (1L ,7(1PE 13 .3 ))
110 FORMAT( 6H VI  r , z’e , I8 , 2x ,~,8 TsEc = , f l 2 . J ,2x , 5H a N c  = ,F12 .2)
111 F ORMA T (68 LAST ,I44 ,Id ,21, LITSEC= ,F12.3 ,21,5KRM O =,F12 .2)
112 FO R M A T  ( 17 H  P~ R TU R.8ATIONS = ,bIl ,2X ,

* 2~eH NO N—FIXED PAdAM ~~A’~~R3 = ,711)
COMMON/ESTEP/ti1EP/KOUNT/KJ~ NT (7 )
DIMENS ION 1(1) ,E~.(1) ,W M (4 49) ,1.I(6), LR (7)
RERIND L U OUT
R E A D (LJ OUT , 1)0)
R E A D  (L U OUT ,1)1),LDEN ,EL( 1),L (1)
READ (LU OUT , 132 ) , NJD, EL (2) ,X (2)
R E A D  ( L J O U T , 1)3) ,T SCC , EL (3) ,L (3)
R E A D  (L t J O UT , 1)~e) ,N OBS,E L 14 4 ) ,x ( 4)
READ (LUOUT .135 ) , RM S , EL (5) ,A ( 5)
R EA D (LU OU T ,l3 b ) ,BIA S,EL (b) ,h (6)
R E AD ( L U O U T , 1 1 3 )  ,tCS?AR T ,JF ,TF ,Rt’
R r A D  (LU OUT,111 ),K ST OP , JI.,TL.,RL.
T= (MJ1)—440587) *8643 0. 000+I’Sc.C
R E A D  (LU OUT , 130 )
RE AD (L1JOU T ,137)
R EAD (LJ OUT , 138)
DO 10 J=1 ,7

10 R E A D  (L U OUT ,1)9),(W M (7*K+J—7) ,K=1 ,7)
READ (LU OUT, 133)
R E A D  (L U OUT ,112 ),(LF (K),K=1 ,t,),(LR(K),K=1 ,7)
DO 30 K 1 ,7

30 K OU NT ( K) LLI (K)
RETU RN
E N D

SUBROUTINE urS~~N (x,’r,IuEN ,Nok)~ ,RMS,8IAs,
* LU OUT , WM , KSTAR T , KSIJP,JF ,JL, £F ,TL,
* LIF,LIL,LF,LR)
IMPLICiT DOUBLE PR ECISION (A—H ,i—Z)

100 FORMAT (2 K
101 FORMAT (68 sAT = ,1L,A5 ,2L ,SILA =,V12.2,2X ,5Hh =,F12.2)
102 FORMAT (68 N JL )  = , Ii2 ,2i,~~11E =,f12.8,2X ,5HY =,F12.2)
103 F ORMAT (6H fSEC= ,& 12.3 ,2A ,.~kU = ,F12 .’e,2X ,SHZ ,F12.2)
104 F ORMA T (bU NOi S= , 112,21,SLiNJ D E= ,F12. 44,2X ,SHXD , F 1 2 . 7 )
14)5 FO RMAT (68 LIM S ,F12.3,2X ,~~theEkL =,Fl2 .4,2X ,5HYD ,F12.7)
106 FORMA T (bil biAS ,F1 2.3 ,2X ,. 1LMEA ~ = ,f12. 44,2X ,5dZD =,F12 .7)
101 FORMA T (188 CO VA RI ANC E MA ’L ’~~lA)
108 FORMA l (8A ,1LIN,2X ,2X ,BHE CJS(l),2L ,BH E SIN (W) ,

* 7X ,1d1 ,bX ,4411N00E,7L ,itt t1+W ,UX ,’41181AS)
109 FORMAT ( 1 X , 1 ( 1 P E 1 D . 3 ) )
110 F O R M A T  (68 VI T , I’4 ,L 8 , 2X ,~~H T., r. .= , P 1 2 . 3 , 2X , 5 H R N G  , F 12. 2)
1 1 1  FORM A T ( 6H LAS T , I44 , L8 , 2X , k1 T 5~~C , F 1 2 . 3 , 2X , 5H R N G  , F1 2 .2)
1 12  FORMAT ( 1 1 1 1  P E R T U R B A T I O N s  =
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* 2411 N ON — Fl XE 1) PA~~~~ .i’~~ S = ,7_ [1)
1 13 FORMAT (‘4)1 ENil )

C o n N u u/ r s T~~’ /r i r E?
DIMLN..iLO N X( 7) ,E L (7 ) ,W M ( 4 ~~) , s.k ’ ( 3) . Ll1 (7)
REhINU LUOUT
CALL ST A T E L ( L ,E L)
M J D L D I N T ( F / 8 6 ’4 3 O .  000) 4 140 )cj 7
TSEC DLIJD (T, 86430. ODD)
W R I T E  (LU OU? ,100)
R LUTE (L.uour ,lo1)  , L D E N ,Ei. ( 1) , X ( 1 )
W HITE (LUOUT ,10 2), MJD ,E~.(2),X ( ~ )
P RIT E (LU OU T ,13 3), TSEL,EL (i) ,X(i)
W R I T E  ( L U O U T , 1 3 14) , NO BS , E L ( 4 ) , A ((4 )
W R I T E  ( L U U U T , 135) , R M S ,E L ( ~~) , X ( 5)
W RIT E ( 1 .00UT, i D b ) , BIAS ,E L ( o ) , h ( o )
WR ITE (LU3UT ,113), KSTART,JF ,TF ,~~F
I R I T E  ( L U O U T ,1 1 1 ) , K STO P , J~., TL ,id.
WRITE (LUOUT ,13 0)
W R I T E  ( L U O U T , 10 7)
W RITE (L UOUT ,lO d )
00 10 J = 1 ,7

10 WRITE (LUOUT ,1)9),(WN (7*R+J— 7) ,K 1 ,7)
WRIIE (L.UOUT ,13 3 )
W RITE (LUO(J T,11 2), (LF (K) ,K= 1 ,o),(LR(K) ,K 1 ,1)
WAITE (LU~iUT ,113)
r.NLI FILE LUOUT
RETURN
EN D

S UBE OU1~I N E  DA~’E~ (X ,T ,LUOUT)
I M P L I C i T  U O U U L L .  PH F .CISIOR (A—U ,O—h)

100 FORMA T (111
101 FORMA l (7k-i A , F1 L 4 .4 , iL , 44d X ,F14.5,3X ,6IIYLAT =,F114.4)
102 FORMAT (7)1 E , F 1 4 . 8 , J X , 44d I , r 1 ’ 4 . 5 , 3X , 6l1~~L ) N = , F1~4. L4 )
103 FORMAT (78 I =, F 1( e . ’e , i/.,48 h = , r 1 4 . S ,31,6 K F C ~~L =,I1L 4)
104 F O R M A T  (78 N O D E  ,F14.4 ,iL ,44t1LD = ,F14.K ,3X ,ÔHMJ O = ,I11$ )
105 FoRMAT (711 PE~ I = ,F14.4,J A ,4LglD = ,&l 4e . 8,3X , $

* 78H/M/S =,2X ,211,lti /,2I1,ltl/,F5.2)
1-30 FOR MAT (78 MEAN , 114. ‘4 , s A ,4 t i h D  = , F 1 4 .  d , 3X , 6 H S T E P  , F 1 4 . 4 )

L0MNUN/TSTCP/rsrEP/NCA L/NCAL
i)XMF.NSION 1(7) ,ELD (7),R(7 )
CALL S T A T I L L ( X , E LD )
MJD IDINT (T/8b400. ODD) +‘e4)~ tj7
TSEC=DIIOD (T,db 4430. 000)
BL=DMUD(TSEC,bO . 000)
MR TSEC/3b00

DMOD ( TBEC/b 3, bO .0 DO )
Mt *T=MH /10
f lk 10 M 0 U ( MH , 10)
l’IMT MM/10
MftO-=MO D(MM ,i0)
C A L L  P L A C E ( T , L ( 1 ) , X ( 2 ) , X ( 3 ) , XLT , X L N )
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W R ITE (LU OUT ,10 0)
W RiTE (LUOUT ,1)1 ) ELD (1) ,L(1) ,LLF
w RITE (LUOUT ,132 ) ELD(2 ) ,L (2) ,X LN
W R I T E  (~~UOUT ,1)3) ELD(3),A (i),N_ at L
W RITE (LUOUT ,1314) ELD(4) ,h (’4) ,M J D
•RLTE (LUOU T,1)4 ELD (’ ),L(~~) ,Mkl T ,MklO ,NM T ,MMO ,5
WRITE (L.UOUT ,136) ELD(6),L(ca),T S I E P
RET URN
E N D
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PRO GRAM BA TCkI
IMPLICIT DOUBL E PIIECISIOB ( A —) I ,J — h )

8 20 FORMAT (/)
870 FORNAT(L LI)
850 FORMAT (A 1)
851 FOLINAT (A10 )
855 FORMA T( A 2 )
891 FORMAT (3A 5)
892 FORMAT (L4A5)
830 FO BMAT (7I1)
805 FORNAT (I’4,L7,2F11. 3,19.2)
808 FOR NAT (I,1bH U PDA T E EPOCH BX ,F1O.4,5 kI DAYS)
810 FORMAT (/,35H INLTL AL STAIr . VECTOR AND EPOCH ARE )
878 FORMAT (I,3911 TOTAL NUM EE R 31 ‘JtsSERV ArL ON S ALLO WE D ,14)
879 FORtI A T (/,20 8 LAST OBSERV A TION 15,14)
877 FORMAT (1 , 2148 lID OB SERVAT ION S IN FILE)
880 FORNAT (/,248 INPUT ERROR OURING Rc.AD)
946 FORZIA T (/,25H FADIN G MEMO R Y SJLUTA ~ON ?)
888 FORMAT (/,228 LIST THE STATE VECIJIL.2H M,A 10,3KM )
905 FORNAT (/,2711 NON—FIXED PA RAM ETE R S ARE ,2X ,1I1)
909 FORMA? ( 2X,15,4 X ,12,144,i3,IJ,F1.i ,F1 4.3,P10.3,3X ,F6.2)
911 FORMA? (/.41,3111A0 ,4X ,2111d ,1X ,3LWAI ,3H HB,3H MN ,

* 711 SE~ 3ND ,5X ,9klRANGE(KM) ,4X ,780 —C ( K M)  ,~4X ,4U R ( K ) )
990 MOR NA T (/,348 EN TER START ING OBS ERV A T I ON NUMB ER)
99) FORMAl’ (/, 314 H EN?e.kt STOPPING ODSERVATION NUMBER)
992 FORMAT (1,3611 ENTER MA PlE OF ASCII FILE CONTALNINS ,

* /,25)4 rUE RAN GE MA GN ITUDE k)ATA)
9914 FORMAT (/,368 ENrER NAM E Je ASCII FILE CONTAINING ,

* /,238 THE INPUT STATE VE C TO R)
998 FORtIAT (/,36H EN TE R N A M E  OF ASCII FILE CON TAININ ,

* /,368 T U E  J PDATED OUT PU T STA TE REFERENCE ),
* 1.3011 NEAR THE ENL ) OF £k1 r. O A T A  S P A N )
DIMENSION 111(149) ,KMI (L19) ,P(L49) ,i’I(14~~) ,‘.Ill(149) ,L R ( 1 )
D I M E N S I O N  W 8 ( 4 9 )  ,W C ( 4 9 )  ,PLIL ((49) ,Par(49)
D I M E N S I O N  E L D ( 7 ) ,EL R (1) . E 1 N ( 7 ) , L ( 1 ) , DE- (7~~,DX (7)
D I M E N S I O N  H ( 1~4 0 0 ) , HT(1 ’e O3 ) , W A ( 4 ~~) , L.F (6)
COMMON /rM/TINE(203)/Y/1 (20C,)/IMYIINF (200) /XK/XK(1’e00)
COMION/INI?/LNL?/X YZ/X E,YE,hE/MLDIP /NAX DIN
COMMON/LOC/ILAT, XL ON,ALT,L~ ?A1 /SHA0O/KKEEYY
connoN /BIAs/BLA s/NRDATA /MLII )ATA,’R /R (200)/as/as (230)

TYPE 992
A CCEPT 851,X HANE
OPEN (UNI? s21 ,ACCESSz’SE~JLN I ,LLLE 1NANE)

1 T Y P E  99 14
ACC EPT 851 ,YNAME
IF ( Y N A M E. E U . L N A M E )  GO TO 1
OPE N ( U N I ? 22 , AC C E SS ’SE ~~i N ’  , F L LE Y N A M E )

2 TYPE 998
ACCEPT 851,Z NAME
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IF  (ZNAME. EQ.XNAM E ) G3 TO 2
IL  (Z NAME. E~ . !NAME) CC) TO 2
OPEN (UN IT=23,A CCESS= ’SE~ 3UT’ ,FLLE=~~NAME)

C ENTE R STATION COORDINATES
LSTA 1= SHB LPI PT
XLAT= #3d. 431141400
XL ON=282.9 13583D0
AL T~~ 0.O2147D0

M AXDI PI 200
N AX OBS =2 00
KR El I =0

L.RDATA=2 1
L U Dci. N = 22
LUOLD 23
NPItINT=1
RMS=0. ODO
KITER O
N C= 7

C A CCEPT LSTA R? A N D LSTOP
4 TYPE 990

ACC EPT 870,LSTAR T
TY PE ~91
ACCEPT 870 ,LSTO P
IF (LSTOP. LT.L31’ART) GO 10 14

C READ IN RAN GE MA G N ITUDE DAT A
R E W I N D  L R D A ? A
REWIND LUDC IN
R EW IND LUOLD
N D 0
MCOUNT=3
TNIN * 1. OD+20
T M A X — 1. O D + 2 0

10 REA D (LR DATA ,335 ,END=2O ,~~~R= 4)O),~cN UM ,MJD,TSEC ,DIST
IF (MJ D.Ec~.0) GO 10 10
MCOUNT=MCOUNTe 1
IF (M COUNT.LT.LSi’ART) GO 10 13
LV (MC OUNT.GT.~.3T)P) GO 10 23
N D ND + 1
1(ND) -=DLST
k (ND) = 1. QUO
TIME (ND) = (NJ Q..140597) *8644)3. 4) 1i3.T SEC
IF (TLIIE ($D).JT.TIAL) TNAL TIM E (ND)
I V  (TIME (ND) .LT.TPlIN) TMI t . T I L I E ( N u )
IL ,  (ND.Ge..MAXOBS) GO TO 12
GO TO 10

12 TYPE 878,LiAXOBS
20 NR UATA N D

IF (ND.LE.O) TYPE 877
17 (ND.LZ .0) GO TO 4
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LSTOPP=i. START.- NO—i
IF  (LS T OPP.N E. L~~T)L ’) TYPE. d7~ ,LSTiFk~L .ST OP=L ST OPP
K~i T A R T : 1
K ST&)P=LSTOP—Li TA 1r +1
CA LL URUER ( Y ,rIME ,N D ,WMAI )

C ~UTEk “FADING MEMORY SOLUTION”
7 TYPE ~4ó

A CC EPT 85O ,LFN
IF (LIM. NE. 1HN .AN D.LFM.N~.. 181) ~J 13 7

C REA D IN FROM O L5~ FILE INITIA L GU~ SS FOR ELEMEN T S
B CALL LN3D(X ,E~ OCd ,ISA T ,NUd~~,R~ 5,BL AS ,LUD CIN,WM ,LF,L9)

CALL FORCE (L.F (i),L.F(2),Lf(JJ,L.k’(44j,LF(5),LF(6 ))
CALL RELJUCE (LR (1), LR (2) ,l..d (3) ,Ld (14) ,

DDTT=STPSIE (X , 0. 05 DO)

C C OMP U TE IN ITIAL .  WPH I ,W4),X~1I ,P,k’L22 D O 30 K 1 ,7
DO 30 J 1 ,7
K 1~~J+7 * ( K — i )
? ( K 1) =3 .ODO
P1(1(1) =0.ODO
XIII (K)) =0. 000

30 XM(K1)=0.000
DO 4 K=1 ,NAXOI3 S

24 YMF (K)- =3.ODO

C P1U bIl’ INITIAL RESU LTS
DTIM=TIME (1) —EPOCH
I F (DrIM.GE .O.3D0. AND . D TLM. LE.11443O .ODO) GO TO 26
CALL R TTIME (TLME(1), TB)
1)1111= (TB—EPOCh ) /86 1400. ODO
TYPE dOB ,DTIN
CALL FOU R  (X ,EPO CH ,?B,—1,DUTI)
EPOCH=TB

26 TYPE 810
CALL OU? OD ( X ,EPOCH ,ISAT ,ND,RMS ,UIAS,LUOLD,

* WM ,LSTAM T ,LSTJP ,NPRINI,LF ,LR )
CA LL STA TEL(X ,E L D )
CALL DEGR AD (ZL D,EL R)
CA LL ELR ELM (ELR , ELM )
L I I A S O . O D O
E L N (7J ~~I 4IAS

C ENTER SPECIAL VA R IANCES £311 LNC1. AND NODE HERE
DC) 33 K 1 ,NU
DO 33 J 1 ,NU
K 1 J +NU* (K_1)
X N( K1) 0 .O DO

- I? (K.E~ .J) X M( K 1) 1 .OD+8
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IF (K..E~è .J.AND.K.EQ. 44) X8 (K1) 2.0D~~9
33 1k (K.E4).J.ANO.K.EQ.S) XN~~(1)= 2.0D—9

C COMPUTE OBSERVED SINUS CO~ P U T ~~D RANGES
140 KITER=KLTER+i

TL AS T EPOCH
C A LL E L N E L E ( E L N , EL R)
CALL RAD DEG (c.La, EL D)
CALL ELSTAT(ELD ,X)
Do 80 K= 1 ,KSTOP
TSTAHT=TLAST
TSTOP= T I M E  (K)
CALL FOUR(x ,TSTART ,rsTo2,—i ,ODTr)
CALL PusIoN(r~ roP,xsA ,YsA ,hsA )
Ri,2= (1 (1) —XSA ) **24 (1 (2) —LSA) **24 (1(3) —ZSA ) **2
YMF~ K)=Y (K)—D5~~RT (RG2) —BIA S

80 TLAST=1STOP

C COMPUTr. ~ESIDIJALS, Ei)IT ~)ACA ?UINIs, AND FADIN G MEMO RY
9 8MS 0.000

£N1 O. 000
DO 84 K=1 ,KSTOP
11 (LFLI.Ej.11JN) GO TO 81
REVNU M FLME(NJ) —TINE (K)
REVNU N = liE V Nt JM/ (5.ODO*8644)4). 000)
IF (DA i$S(itEVNUM ).,T .0.ODJ) ~FAL (44.3)**SNGL (REVNUM)
11 (DAbs (BEVNtJ ~1) .Le..0.000) P1AL~~1.JUO

1 IF (LFtI.EQ.lkIN) PFAC=1.0
k-IS (K) =k (K) *PFAC

~.ND=ZND+ 1.3D0/R S (K)
84 rthS EIIS+YMF (K) **2/RS (K)

RPl~ =DSc~iT (RNS/ZND)
NX ND/S+ 1
1k (ND/S*5.F.Q.N0) NX=ND /
CALL OUT (INF,N X ,5)
CALL EDLT(RMS , XN A ~ E,N U ,L S T A R Z , K~ LJP , ND , 1,LLE,KIrER)
£~ NS~ 0. ODD
Zt4D=O.ODO
J CO U N T 3
DO ~7 Ic= 1,KSTOP
L b  (RS (K).LT.1.DL)8 ) JCOUWT J UUNT +1
i~ML i = 1 N U +  1.300/85 ( K )

Ml LtNS RMS+ YNF (K) **2/RS (K)
Rf l S DS~~R T ( R M S / h N D)

C COM PUTE SENSITIVITY MATRIX Ii AND ITS TRANSPOSE UT
C ALL De.i~ IV ( E L N ,T I M E , E ?OCtL ,8 ,t~D ,N C )
CAi. L T R h 4 P~~E ( H , HT ,N U , N U )
CALL IV E i~SE ( X M ,X MI ,N U )
C ALL DiV R ( 8T,4S,HF ,NU,ND~
cAI.L NU LT( HT ,H,WA ,1IU,ND ,NU)
C ALL A DL .’ ( X N I , W A , PI ,N U , N U )
CALL IVk.RSE(PL ,P,NU)
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C A L L  N U L T (P ,Hi , X K , NU ,N U ,~I~~)
CALL I U1.T (XK,1MF ,UX ,N U ,N~ ,1)
I_ALL EhA 3r (DX ,Di~,NC)
LALL ADD (ELN ,Lr ~,ELN ,NC , 1)
CALL ~LI~E~.R (ELN ,ELR )
CA L L  ~ADD EG (EL 8,EL D)
CALL z~LS EA T(E LD ,X)
oIA S=ELN (7)

C OUTPUT STATE V E C T O R W I T ~I OLD £.POC8
TYPE M B8,Z N A N E

CALL LlEB 1G(P ,N~~)
CALL. OU 2QD( X ,EP3CU ,ISA T ,J. JU N T ,~~~3,LsIAS ,LU OLD ,

* ~M ,LSTA RT ,LST~ P,L~P u L N 1,~~k ,LR)
IF (RM S.LE.1.~~D3.AND.KITEk~.I~~.2) GU TO 42
IF (KITL.8.Lr.5) GO ro 40

C UPDAT E L AND XN TO NEW EPOCH 3N~ MINUTE PA ST UO JR
42 CALL RTT 1~1E (TI!1E (K5TOP) .TN~ XT)

CALL FOU R  (X ,LPOCB ,T N EXT ,—i ,DDTT)
E?OC H T N  EXT

PRINT RE SULTS
T Y P E  8M8 ,Z M A M I ~
N P R I N T 1
CALL TRAFER (P,X N ,N U ,NU)
CALL LIE BIG(L~ ,WN )
.ALL OUr JU(X ,EPo Cl(,I 5AT ,J_ JUN r ,~~ftS ,LiIAS,i.UOLD.

*

TYPE d23
TYPE 911
TYPE 823
DO 202 K=i ,KS TOP
CALL YDHMS (TIME (K) ,K Y ,MDAY ,Mki,M,SEC)
LS=LSTART-1+K

202 T Y P E  909 ,LS ,KY ,M D A Y ,Nhi ,MM ,Sk.C ,Y ( K ) ,Y P I F ( K ) ,RS (K )
TYPE d~ O
T Y PE d23

CLOSE (UNLT=21)
CLOSE (UN1T 22)

— CLOSE (UNIT=23)
• STOP

504) T Y P E  880
STOP
~.ND

SURRO (JTIHE ED1F (RMS,XNANR ,N1J ,LSFA&1,KST OP,MAXDA T ,KE!,L.LE.KIT ER)
IMPL1CIr DOUBL E PRECISION (A—1I ,)—h)

80 FORMAT ( A l O )
81 F O R M A T  ( A l )

79 
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82 FORMAT ( 3 A 5 )
83 FORMAT ( n O . 2 )
84 F O R M A T  (1 11
90 FORMAT (.L4,I7,2F11.3 ,F9.J)
91 FORMAT (2X ,15,141 ,12,14,IJ,L3,F7.3,k’16.3,F12.3,F1O.1)
98 FORMAT (/,611 ElMS = ,F10.3)
99 FORMAT (/,3411 THE FOLLOWING J~ S i~iLL 8E DELETED,/)

COMflON/YNF/YMF (1)/Y/Y (1)/T~1/LiME (1)/k/E (1)/R5/a3 (1)L OG ICAL N P E I N T ,U N D E R ,EAR LI

NPRINT . TRUE.
EARL Y= .TRU E.
K F K STOP

140 IF (KITER. E~~. 1) TIIRESH=5O. 0o3IF (KIT E~~.E~e.2) THRESII 25.000
IF (KITER.EQ.3) TEIRESU=14.-ODO
IF (KLTER.EQ. 14) TtIRESH= 9.OD.)
IF (KITER.E~ .~~) TIIRESH= b .0D3
IF (KITER.GE .b) THRESH ~ .0 L) 0
TYPE 99
K ~050 IF  ( K . G E . K F )  ~3 TO 60
U N D E R . IAL SE.

X11R ESL1=18RESU*S~1LIT (SN~~L(SS (~ ) ) /~ N~,L.(RS (NAXOAT )))
11 (DAkSS(IMF(K)).L.E .XLIRESU) UNDELt= .TRUE.
1100 140587+TIIIE (K) /86403.000
1k’ (MJD. E0.40581) GO TO 50
CALL YD}UiS(T1~lE (K) ,KR ,M D A Y . ?IU ,MM ,3EC)
LW LSTART+K— 1
IF (.N OT .UNDEW) TYPE 91 ,Ld ,K& ,tlUAY ,N11,MN ,SEC,Y ( ~ ),YIIF (K),XhRE5d
IF (URDE k() GO TO 50
LIS (K) =2. 008
GO TO 50

bO RETURN
E N D
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PR OGRAM DIFFCL (
IMP L I CIT DOU B L E P8ECISIJ~I (A—H ,O—Z )

820 FORMAT (I)
870 FORMAT (144)
850 FORMAT (Al)
1151 FOkthAI’(AlO)
855 F O EINA T (A 2)
891 kO RNAT (3AS)
892 FORMAT (4A5)

• 833 FORMAT (711)
916 FOkIMAT (020.8)
805 rORMA T (14,17,2F11.3,F9.2)
808 FORMAT (I, 168 J P D A T E EP OCH 3Y ,flO .14,bH DAY S)
810 FORMAT (/,3511 INITIAL STATE V~ LTOR AND EPOCH ARE)
8140 FORMAT (/,2b8 ACCEPT MORE ~~~~ POiNTS ?)
860 VORNAT (/,42d ENTER NUN OF U~ SERVATI ’J N S TO BE PRO CE SSE D)
877 F ORMA T (1,248 N D  OBSERVA TIONS IN VILE)
1178 I O R I I A T (/ , 39k -I T O T A L  N U M B E R  OF O B S E R V A T I O N S  A L L O W E D  = , 114)
)12 FORMAT (/,38H CONSrHAIN IN INitTLON AND NODE ONLY 7)
91 3 FORM A l (/,2411 EN TER Y A RIAN ~~E FOR
9114 FORNAE ( 5011 SUGGsS? :1.0D-t, L JOSE , h 0 D — 8  A V E R A G E , 1 . O D — 1)  TI H r )
915 F O I ( N A F ( / , 318 ~ N F E 8  VARIA NC E 108 I N C L I N A T I O N )
37 .1 F ORMAT (/ ,368 LAST OB SERV ATIUd IN F ILE IS NUMBER ,114)
1180 FORZIA T (/,24ki INPUT ERROR DURING R~.A b)
8115 FORNAT(/,2811 L1ST INDIV I DUAL RESIDUALS ?)
88d FoRMAT(/ ,~~2H LIST THE STATE YECrOR ,2H “,A 1O ,3H” ?)
900 Fo~ NAT (/,31k1 R E T U R N FO R A N O T H E R  1TE~ ATI ON ?)
905 FORMAT (1,27k-i NON— F IX ED PA RA~I .EERS ARE =,21,711)
946 FORMA T (/,25H FADING MEMO RY SW.UTLJN 7)
906 FORNAT ( 1448 ANY CHANGES ?)
907 FOR MAT (/,278 ENTE R NEW PARAMk.IEiiS — 7 11)
9011 FORNAT (/,3444 LIST OBSERVA T1O~ S AN D RESIDUALS ?,/)
909 FORMAT ( 2X ,I5,41,I2,14,iJ ,I3,F7.i,L’lo.3,F12.3,3X ,F6.2)
910 FORMA T (/,458 UPDAT E EPUCi4 £0 £i~ E N~~AR LAST OBSERVATION ?)
911 FORNAT (/,141,381A0,4X ,2HYd ,1X ,JEDAY ,JH kLB,3H MN ,

* 711 SECOND ,1X ,9HRA ~~~r.(KM),bX ,7HO—C (KM) ,’4X ,4Hli (K )) ‘5

920 FORMAT (/,338 COMPU TE T R A L1~ CJV MATR IX AGAIN ?)
930 FORMAT (/,ili-i ANAL YTI CAL (hi NLJ~iE~~ CAL 0—C RANGES ?)
940 FoRMAT(/, 338 A NALY TICAL OR NU~~ERL CAL UPDATE ?)
973 YOIIMAT(/,27 H ~d EIGH T A—PRLU&U ESTIMATE ?)
980 L’ORMAT (/,3011 R ETU R N TO SlANTING PoSITION ?)
‘~90 FURMAT (/,34H ENTER STARTIdG JHSk-.i~VA TI 0N NUMBER)
J91 FOKMA T (/,3L4 H ENTER STUPPINL1 DOSERVAF ION NUMBER)
992 FOR M A T  (/,JbH ENTER NAME 0? ASCII FILE CONTAINING ,

• * / ,2511  TkI ~ R A N G E  MA GNIT UDE . DA F A )
994 FORIIAT(/,JbH ENTER N A M E ok A S CII FILE CONTAINING , ‘5

* / , 2314 THE INPUT STATE VECTOR )
996 FoRMAT (/,36H ENTER NAME OF A3LI1 FILE CONTAINING ,

* / , ibIi T U E  J P D A E E D  JUIPtJ T STATE REFERENCED ,
* /,32 11 S E A R  TUE STA R T OF T HE DATA SPAN )

____________ 
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998 FORMAT (/, 3611 ENT ER N A M E  OF ASCII FILE CONTA ININ G ,
* / ,361i T HE UPDATED OUTP UT S T A T E  R E F E R E N C E D ,
* /,3011 NEAR THE ENL OF TH~.. DA TA SPAN)
DIMENSION X M ( t 4 9 )  ,XI1I (49),P(119) ,~~I(49) ,WM (149) ,LR(1)
DIMENSION WB ((49J ,W C ( 149) , N Pa I ( 149 )  ,.PHI (‘49) ,PHT (149)
DIMEN SION ELI) (7) , ELR (7) , E L N  (7 ) ,X (7) , DE (7) ,DX (7)
DIMENSION H(1 3D),HT (114O ,~~A (I4~ ),L~~(6)
COMMON/FM/TIME (203) fY/1 (23J~ /YtIF/IMF (200) /XK/ZK ( 1403)
COMNON/LNIT/INLT/X YZ/XE, Y r., ZE/MAXDIM/N AXDIM
COMMON/L OC/XLAT ,XLO N ,ALT ,~~~CA1 /SkiADu /KKEEYY
COMMON/8IAS/3IAS/N RDAT A /NRUAEA/~i/R (2OO)/RS/RS(2)0)
LOGICAL ED1T,’IEDIT
DATA KAA /”202~~1717O314/
DATA KBB/”202624067744/
DATA KCC/”202344023100/
DATA KDD/”20232406774L4/
DATA KEE /”20234642033b/
oATA KiF/”71131163 14500/

T Y PE 9 9 2
ACCEPT 851,X N A M E
OPEN (UNIT=21 ,ACCESS= 3E~ IN’ ,IILE=XNAME)

1 TIPE 994
ACCEPT 851 ,Y N A M E
ik’5 (YNAM E .EQ.XNAME) GO To I
O PE N ( U N I T 22 ,ACCESS ’SE~ iN’ ,k’IL~~~Y N A f l E )

2 TYPE 996 
-

ACCEPT 851,Z N I M E
IF (ZNAME. EQ.~~N A M E )  GO TO 2
IF (ZNAME. E~ .YNAM E ) GO T~ 2
O P E N  ( U N I T = 2 i , ACCESS = ’SE~ J U T ’ , k’L L.. =1 N A M E )

3 TY PE 998
ACCEPT 1151,W N A M E
IF (WNAME.E0.XNAM E) GO TO 3
IF ( W N A M E . E~I . Y N A M E )  GO To 3
IF (~NAM E. Ec~.hNAMC ) GO TO 3
OPEN (UNIT 24,ACCESS ’SE~ JUT’,FiLE~~~NANE)

C ENTER ~ lAT 1ON COORDI NAT ES
LSTA 1 5HBLMPT
A LA T +3b .43141 ~o0
X L ON = 2 8 2 . 9  1 3 53 3 0 0
A L T —0 .0247 DO

LRDATA 21

~UDCIN 22
LUOLD EJ
LUNE W 2 4
U ED ~~~~~ = - F AL SE.
YEDIT .FALSE.
REWIN D LRDATA
i t E W I~~D L U D C I N
REWIN D LUOLD
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REWIND L.UNEI
M A X D I M 200
MAX OBS=200
MCOUNT=0
K X EEYY=O
N P R I N T = 1
8115=0. 000
F0=i.5D0
$C=7

C READ IN FaOM DISK FILE INITIAL 3UESS FOR ELEMENTS
CALL INOD(X ,EPOCII,ISAT ,NOds,RIIS,ULA S,LUDCIN,WN ,LF,LR)
CALL FURCE (LF(1),LF(2) ,LF(3),~.F(4),LF(5),LF (6 ) )

11 T Y PE 905 ,(LR (K) ,K 1 ,7)
TYPE 906
GO TO 9

23 TYPE 891,KA A,KBB,KCC
9 ACCEPT 850,LNY

IF (LNY. EQ .1HN) GD TO 21
IF (LNY. NE. 1 11!) GO TO 23
TY PE 907
ACCEPT 830 , (LW (K), K=1, 7)
TYPE 905 , (LR (K),K=1 ,7)

41 CALL RED UCE (LR(1),LR (2),L.R(.3),Lkt(L4),
* LR(5),LR (6),i.R(7),NC ,NU)
DDTT=STPSZE (1,0. 05D0)

C CONPUFE INITIA L WPH L ,W~~,XMi ,P,P1
22 DO 30 K 1 ,7

DO 30 J 1 ,7
K 1=J +7* (K—i)
P(K1) =3.ODO
P1 (Ki) =0.000
XMl (K1) 0.ODO

~PH1 (Ki) =0.003
IF (K. NE.J) GO TO 30
WPH.L(K1) 1.0D3

30 CONTINU E
DO 24 K=1 ,PIAX DIrI

24 !M2 (K)=0.ODO
CALL BIGLIT(WM ,XM )

C ZERO OUT COVA R IAN C E ?
TYPE 970

• G0 T0 28
27 TY PE 891 ,KAA ,KBB ,KCC
28 ACCEPT 850,KNY

LV (KN!..EQ. 18!) GO TO 32
IF (KNY. EQ. 1HN ) GO TO 29
GO TO 27

29 DO 31 K 1 ,NU
DO 31 J 1 ,NU
K 1 J +NU* (K— i )
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ILl (Ki) =0.ODO
31 IF (K.EJ.J) XM (K1) 1.OD+ d

GO TO 100

C ENTE R SPECIAL VARIA N C E S  FOR £~~CL A ND NODE HERE
32 T Y P E  912

ACCEPT 85O,K N Y
IF  ( K N Y . E ~~. 1H N )  GO TO 103
IF  (K NI . N~. . 1 H Y )  GO TO 32
TY P E 913
TYPE 914
ACC EPT 9 16,XMIN CL
TYPE 915
A CCEPT 9 1b,XMN FJDE
DO 33 K 1 ,NU
Do 33 J 1 ,NU
K1=J +NU* (K—i)
X M ( K i )  =O .ODO
IF (K.E~ .J) XM (K1 ) 1.OD+d
IF (K.E~ .J.AND.K.EQ.4) XM (K1) XMINCL

33 I F  (K . E~~.J . A N D . K . E Q . 5) X M ( K 1 ) I M N ’J U E
GO TO 130

C A CCEPT LSTA RT , LSTOP AND READ RAN GE DATA
100 IF 

- 
(Y E D IT )  GO TO 200

TYPE 990
ACC EPT 870 ,L S T A R T
TYPE 991
ACC EPT 870,LSTOP
I F  (LSTOk’.LT.L START) GO A~3 130

110 ND=O
7 ~~~~ 946A CCEPT H5O ,LFM
I! (LFM. N E . 1 H & . A H D . L F N . N E . 1 H Y )  ~,3 TO 7
IF (Ls’TART.E Q.l) BEDIT .TRUE.
1? ( L S T A R T . N Z . 1 )  3ED11 .FAL Se. .

10 R E A D  ( L R D A T A ,~~35 ,E N D 2O ,E R R ~~~0O) ,~~N U M ,M JD ,TSEC ,DIS T
IF  (MJ D. EQ .O)  GO TO 10
ttCOUNT=MCOUN ?I 1
IF ( NC OU I I T . LT . L S T A R T )  GO TJ 13
ND ND+ 1
Y (N D) = DI ST
£1 (N 0) = 1. ODO
TIME (ND) = (NJ D—14358 7) *86400. OoO+TScC
IF (ND.GE .NAXJRS) GO TO 12
IF (NCOUNT.GE. L3T)P) GO TO 4 1
GO TO 10

12 TYPE 878,M A XOU s
GO TO ‘$1

20 YED IT= .TBUE.
41 NRDATA ND

IF (ND .LE.O) T Y P E  1177
IF (ND.LE.0) GO TO 200
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L 5TO~k’=LSTA8T$’ N 0—1
IF  (LSTDPP.NE.LST)P) ?11 E d79,L~ TJPP
LSTOP LS TOPP
K START=1
KSTOP LSTOP—LsTARI’+1
C A L L  (~R D E R ( Y ,T I M E , ND ,h M A X )

C UPDATE STATE TO FIRST OBSi~~V A T iON
DTIM TIIIE (KsTART)_EPOC H
IF (DF 1M.GE. 0.300. AND. DTL~1. ~~E. 1443 3 .000)  GO TO 26
CALL RTTIME (TIME (K START) ,TS)
DTIM= (TE—EPO CH) /86 400. 000
TYPE 808,D T I M
C A L L  FOUR (I,EP3Cd ,Td ,—1,~~D lT )
W P H I ( 6 )  = T b — E P J C H
EPOCH= TB
CA4.L UIGLIT (WPkI I,PHI)
CALL FRN PSE(PHI,PHT,NU ,NU)
CALL ?IULT(XM,P H T ,W A.NU ,NU ,NU)
C A L L  M U L T ( P H I ,W A ,W B ,NU ,NU , N U ~
NU2=NU**2
F1=F0*DA&SS (WPHL (6) /86400.000) s’l.ODO
DO 25 K 1 ,NU2

25 XM (K)=P1*WB (K )
26 TYPE 813

CALL LTTBIG (XM ,WM )
CALL OUTOD(X ,E P J CH ,ISAT ,NU,RNS ,6IAS,LUOLD.

* WM ,LsTART ,LST JP,NP~~INT,LF ,LR)
CALL STA TEL( X ,ELD)
CALL DEG R A D ( E L D , EL R)
CALL E L R E L N ( E L R , E LN )
kIIAS O.ODO
L LN (7) = I s I AS
GO TO 40

C COMPUTE OBSERVED MINUS COMPUtE D RAN G ES
40 TLAST EPOCH

CALL ELNELR(EL.N ,ELR)
CALL RADD E G (ELR ,EL D)
CALL E L STA T ( EL D , X)
DO 80 K=KSTART.KSTO P
T S T A R T = r L A S T

- TSTOP=TIME (K)
CALL F O U B ( X , T S T A R P ,?S?OP , — 1 , U D I E )
CALL PO SLON (T F O P , XSA , Y SA , B SA)
R G2 ( X  (1) — IS A) **2+ (1 (2) — I S A )  **2s (K (3)  — Z S A )  *~~2‘5 Y N F  (K) =1 (K )  — D S Q R T ( 9 0 2 )  — B I A S

80 TLAST TSTOP

C COM PUTE R E S I D J A L S  AND EDIT D ATA POIN TS
83 8M5 0. 000
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Z N D = O .  000
Do 84 K=KSTA RT ,KSTOP
E s  (K )  1 i( K)

IF (Lfl1.Ec,~.1HN) GO TO 81
V t 4U~l TlME (KST3P) —TIME (t()

REVNUiI=REVNUM / (5.ODO*86400.300)
1? (DA11S(REVNIJM ) .Gr.0.003) k~FAC t4.0)**SNGL (REVMUM)
IF (DAHS (REVNJEI) .LE.O .000) PFAC 1.300
RS(K) R (K) *PFAC

111 B N D = Z $ D 4 1 . 3 0 0 / R S ( K )
34 RMS RMS+YMF (K) **2/RS (K)

E t1 S=DS1~R T ( k i t1S/~~N D )
11 (ti0.LE.25) sO TO 97
TYPE 8115
GO TO 64

6 3 TYPE ~91 ,KAA ,KBB ,KCC
64 ACCEPT 850,LNY

IF (LNY. E~j.1HN) GO 10 73
I.? ( L N Y . N E . 1 1 4 1 )  GO 10 63

97 L 4 X = N D / S 4 1
IF  (ND/5 *5. E~~. N U )  NI =N D/S
CALL OUT (YMF ,N X ,5)

711 CALL LT(R 11S,KN A 5 E,NU ,LSEAdF ,KST)t~,1,LLE)
AN S=0. ODO
h ND O. 000
JCOU NT O
Do 87 K=KsTA Rr ,K SF OP
IF ( R 5 ( K ) . L T . 1 . O D H ) JCO UNA. ~= J C u U W T + 1

1. ODD/a S (K
117 RM S R M S 4 I M F ( K )  **2/ES ( K )

R N S DS~~R T ( R N S / Z N D )

C COMPUTE STATE UPDA TE FOR ~ .N
CALL DERIV( EL N ,TIM E,EPOC d,H,ND ,~~.)
CALL T R N P S E ( H , IIT ,N D , N U )
if (ND.LE.NU) so ro 50
CALL IV ~~~S E ( X M ,XM I ,NU)
C ALL DIVE ( HT ,RS ,H?.NU,ND)
CALL MULT (HT,H,W A .NU,N D ,NiJ )
C A L L  A DD (XNI,~~A.PL ,NU, RU)
CALL I V E R S E ( P I , P , N U )
GO TO 70

50 C A L L  M U a . 1 ( H ,X~~, W A , N D ,N U ,H J )
CALL MULT (IM ,1F ,WR ,NU,NU,N&i)
C A L L  M U L T ( U ,~~o , W C , ND , h U , MU )
Di) 63 K 1 ,ND
DO 60 J 1 ,ND
K J J +ND * ( K — 1 )

63 IF ( K . E ~~.J )  N _ ( K 1 ) = W C ( K 1 ) . d 5 ( ~~)
CALL LVER SE(WC ,WC,ND )

• CALL MULT (WC ,WA ,WH ,ND,ND,N U )
CALL $ULT (HT, 11,WA ,NU,ND,NU)
C A L L  M U L T ( X M , W A , W B , N U , NU , ti U )
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C A L L  S U B ( L M ,W *J , P ,M U , N U )
70 C A L L  T R N ? S E ( k i , HF ,N D , N U )

CALL MU LT( P ,HT ,X K ,NU ,NU,NJ)
C A L L  D I V R ( X K ,~~S, XK ,N U , ND )
LA L L  M U L T ( K r ,I M V ,D X , N U ,N O , 1~
~A L L  E RAS E (DX ,DE ,UC)
CALL AL)D (ELN ,DE ,ELN ,NC ,1)
CALL r L N E L B ( E L . N , EL R)
CALL BADDEG (ELR ,E LD )
CALL ELSTAT(EL.D,X)
B L A S r .LN (7)

C o UTPU T S T ATE V EC T O R WIT H oLD ~ P j U
TYPE 311a,ZNAM.~
GO TO b6

65 TYPE 891 ,KAA ,KU3 ,KCC
66 ACCEP T 850 , L N Y

IF  ( L N Y . E ~~. 1 h N )  N P W L N T ~~0
IF (LNI. E~ .1HY) NPBINT 1
IF (LNi .N~ .1HY.AND .LNY .Ni ~.1HN) GO TO 65
CALL LIZ8IG(P ,WM )
CALL JUTOD(X ,~~i’OCU,ISA? ,JCJUNI ,RMs,b IAS ,LU3LD,

* wN ,LsTA Rr ,LsToP.NP~~IN T ,iJ,LR)

C R E T U R N  FO R A N O T H E R  I T E R A T I O N
TYPE 900
GO TO b7

88 TYPE 1191 ,K A A ,K88 ,KCC
67 ACCEPT 850 , L N Y

IF (LNY. EQ.1HN) GO TO 8
I? (LNY.E~ .1Hi) GO TO 40
GO TO 3d

C U P D A T E  I A N D  K M  TO NEW Ee-0C 14 ONE M I N U T E  PAST H O J E
116 T Y P E  ~ 13

Go To 69
91 T Y P E  891 , K A A , K11U , KC C
69 ACC E PT 8~~0 , L N Y

IF (LNY. E~~.1dN)  CA LL T RA F L R . (P ,XM ,NU ,NU)
IF  (LN!. Z Q . 1 H N )  GO TO 180
IF ( L N Y . N E . 1 H Y I  GD TO 91
CALl. RTTINE(TI L%E (KSTOP) ,TNRXT)
CALL FOU R (X , EPO C H , - Z N E X T , — I , DD T T)
W Pkfl(6) TNEXT—EPOCH
r.PUCH T NEX T —

CALL BIGLI? (WPHI ,PHI)
C A L L  T R N P S E ( P l i I , PH T , NU , N U )
CALL MULT( P,P~ T,WA ,NU,N U ,NU)
CALL MULT(PHI,WA ,W R ,NU,NU ,NU)
HU 2 NLJ** 2
F1 F0*IM *S5(WPdL (6) /86400.OoO) +1.OoO
DO 92 K 1 ,NU2

92 XLl (K)=F1*Wd(K)

- 
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T Y P E  88a , W N A M ~
GO TO 52

51 TYPE d9 1 ,KA A ,K~~8,KCC
52 A CCEPT 850,LNY

IF (LNY. EQ.1HN ) NPRLN T O
IF  ( L N Y . E~ . 1H Y )  N P U I N ? = 1
LI  ( L N Y . N E . 1 d Y . A N D . L N Y . N ~~.1dN) GO TO 51

ALL L L T 8 I G ( X i , W M)
C A L L  O U F O D (X , E P OCH , L SA T , J C J U N T , afl S , b I AS , L U N E W ,

* WM ,LSTAR T ,LSToP ,NPLtIN T,LF ,LB)
C A L L  SI A T E L ( X ,EL D)
CALL D L G R A D ( E L D , EL R)
CALL ELREL N(E LR ,E L N )

1110 IF  ( !EDLT)  Go TO 200
TYPE 1140
A CCEPT 850,LNI
if (LNY.E ~ .1HN) GD TO 200
if (LNY.NE.1HY ) GD TO 1110
TYPE 860
ACCEPT 870,ND
IF (ND.LE.O) j O  TO 200
L ST A R T = L S T O P + 1
LSTOP=LSTART+N 0— 1
M C O U N T L S F A R T — 1
GO TO 110

C P R iN T L L S T L N G OF F I N A L  R~ sULT S
203 TYPE 9011

ACC EPT 353 ,L N Y
IF  ( L N Y . E~~. 1 ttN ) GO TO 203
IF  (LNY. N~ . 1HY ) GD TO 203
TYPE 823
TYPE 911
T Y P E  823
00 402 K=KSTAH1 ’,KST OP
C A L L  I O N  ( T I M E ( K )  , K Y , MDAY , Ml ~, Mh , SEC)
LS=LS?ART-1+K

202 TY P E 9O9,LS,K!,NDA!,MH ,M~a ,SEC,Y(K),YMF (K) ,RS (K)
TYPE 1123
T Y P E  1123

20 3 iF ( U E D L T . A N D . Y E D L T )  CALL ED L L ( R M S,~~NAME ,NU,
* LSTAR T ,LSTD?,2,LLE)
CLOSE (U N L? 21)
CLOSE (UNIT 22 )

- CLOSt~ (UNLT 2J)
~.LO 5E (UNIT 2’4)
STOP

500 T Y P E  3110 
—

STO P
END
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SUBR OU TLNt EDIT (HMS ,XNA MR ,NU ,~~~TA d1 ,KSTOP,KEY ,LLE)
IMPLICIT D OU 8L . E PR EC I G I O i 4  (A—H ,O—h )

30 FORMAT (AlO)
81 F O R M A T  ( A l )
112 FORMAT (3A5)
113 FORMAT ( P 1 0 . 2 )
84 FoRMAT (18
90 FOdMAT (I4,I7,2k11.3 ,F9.i)
91 FORMAT (2h ,I5,41,L 2 ,IL1 ,I$ ,L3,c7.i,Flb. 3,F12.3,3I ,F6.2)
98 FORMAT (/,6H E M S  = ,F1O.3)
97 FORMAT (/,26H ALL OBS WITd A LIESIDUAL >,F7.3,6H TA GED,/)
99 FORMAT (/, JLê ii T H E  F O L L O I I N G  JL~S NLL L BE DELETED ,/)

101 FORMAT (/,37ii E~~T?.~E NA M E  O F I~~ D RAN GE DATA FILE)
102 FORMAT (/,33H ENTER DELEriJ~ L’H~ ESHJLD - F10.3)
103 FORMAT (/,30H AUT O MATIC O~ MAN UA L EDITING ?)
106 FORMAT (/,2111 EDIT RAN GE JAIA FILE,21, 1H” ,A lO , iN”)
107 FORMAT (/,17z1 i~DIT 0—C A URA l ?)
104 FORMAT ( 128 rYPE A O~ 11)
1 05 FoRMAT ( 9k1 o E C E T E ?)

LO M M O N / Y r I F / Y M ? ( 1 ) / Y / Y ( 1 ) / r 1 1 ,’T i M E ( l ) / R S / R S ( l )
LOGICAL N P R I N F , U N D E R , EAR ~~Y , L A T E
DATA K AA /”202D17170312/
DATA K L s O / ” 2 0 2 6 2 ’ 067744/
D AT A K C C / ” 2 02 3 4 4 0 2 0 1 0 0 /

NPtUNT . TRUE.
EA LtLY= .FAL SE.
LATE = .FAL SE.
K STARI=1
K S 1
K F=KSIOP
IF  (K~.Y. E~j.1) EA hLY .TRU~ .
IF (KEY. E~~~2) LATE .TRU~..
L I  (EA i~Ll) GO TO 29
If (LATE) GO TO 20
RETURN

20 £ Y F ~ 1Ob ,X NAME
Go TO 22

21 T Y P E  82 , KAA , KUB , K C
22 ACCEPT dl ,LLE

IL’ (LLE. E~j.lHN ) RETURN
- 

IF (LLE.NE. 181) GO TO 21
10 T Y PE 101

A CCEPT d0,UNA~ E
IF  (1NAME.E ~J .U NA NE ) GO T~ 10
Ok’EN (UNIT 11 ,DEVI CE ’DSK’ ,A CCESS=’SEQOU?’,FILE UNA ME)
R E W IND 11
GO TO 28

29 TY PE 107
GO TO 2b

25 TYPE 112, K A A ,KcSB, KCC j
r 89
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26 ACCEPT 81,LLE
IF (LLE. E~ .1H~ ) R E T U R N
If (LLE . NE. 181) GO TO 25

2a TYPE 103
30 TYPE 104

ACCEPT 81,LNX
IF (LNX. EQ. liLA) GO TO ‘30
IF (LNX. EQ. 1811) GO TO 55
GO TO 30

‘30 TYPE 98, EMS
TYP E 102
ACC EPT 83,T HRE SH
TY PE ~9
K =0
K N O

50 IF  ( K . G E . K F )  SO TO 60
UZiDER= .FAL SE.

IF (DA8S (YM? (K)) .LE. THRESH) UHDER= . TRUE.
MJD~ 4O587+TIzlE (K) /86400.000
IF (flJ b.EQ.L40587) GO TO sO
CAi.L YDHMS (TIME(K) ,K Y .M DA Y ,LiLL ,NM ,SEC)
1k’ (LATE.AND.UNDEE) KN=KNt1
IF  ( L A T E . A N D . U N L ) E R )  W R I T E  ( 11,93) KN ,MJD,TSEC,Y (K) ,YMF ( K~
LT=LSTART+K- 1
IF (.N OT.UNDE~t) TYPE 9l ,L~ ,KY ,M D A Y ,tiH,MN ,SEC,Y~~~),YMF(K ),RS(K )
IF (LATE .O11.UHDER) GO TO 53
ES (K)= 2. ODd
GO TO 53

55 TYPE 98,UttS
T Y P E  102
ACCEPT 83,THRE SH
T Y PE 97,THRE St4
K~~0
K N O

57 iF (K.GE.KF) SO TO 60
U NDEE= .FAL SE.
K - K + 1
I_ F (DAdS (YMF(K)).LE.THRE~~2) U1~~c~h= .TRUE.
MJD=43537+TIfiZ~ (K)/86400.000
IF (MJD.E~ .435117) GO TO ~7

• CALL ID LMS(ILIE (K) ,KY ,MDAY ,NL*,M,SE C )
IF (UND ER) GO TO 56
LT= LSTART+K— 1
TYPE fl,Lr.KY ,MoAY ,5H,n8,~~.C,Y(c J , 1MF(K),aS (K)
IF (NPRINT ) T Y P E 105
GO TO S2

51 T Y P E  o2 ,KAA ,i(Lid ,K C
52 ACC EPT 81 , L N X

N P B I R T . F ALS E .
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‘ 5 - .

IF (LNX. E-~.1HN ) UNDER= .?RUE.
IF (LNI.NE.1 dY.AND.LNX .Nr..l.dN) sO TO 51

56 I! (LATE.AND.UNDER ) KN=Krd +l
A.? (LATE.ANU .~J N D E R )  W R I T E  (11 ,93) KN ,PIJD.TSEC,Y(K) ,YM F(K )
IF (LATE.OR.Uea OER) GO TO Si
RS(K) =2. 008
GO TO 51

60 IF (LATE) CLOSE (UNIT=11 ,JEVICE= ’DSK’)
• RETURN

70 STOP
END
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ADDITIONAL SUBROUTINES

SUBROUTINE PAPER (I,?)
IMPLICIT DOUBL E PRECIS IOk (A—d ,)—1)

100 FORMAT (18
101 FORMAT (78 A =,F14.4,3R ,4d X =,e14.5,31,681L&T =,F14.4~
102 FORMAT (7H E =,P14.8,JA,4H X =,Fl(4.5,3~~,6HZLO N =,F14.13)
103 FORMAT ( in  I =,F14.4,JX ,4x1 Z =,F14.5,3X ,6HF CA L ,114)
10’4 FORMAT (711 NODE ~,Fl4.4,3L,4dLD =,F14.8,31,6118J0 =,1114)
105 FORMAT (78 PE E l = , F14 . Le , 3X , 4 H 1 D  = , F 1 L 4 . 8 , 31 ,

* 7811/t i /S  =,21,211,1if,4Il,1h/,F5.2)
106 FORMAT (7 8 M EAN , F 1 4 . 4 ,3X ,4Hh i)  =,F14.8,31,68S?EP =,P14.4)

COMMON/TSTEP/TST EP/&CAL/NCAL .
DIMENSION 1(7) ,ELIJ (7) ,B (7)
CALL S T A T E L ( X , E L D )
MJi~=IDIRT(T/864OO. 000) +40~~ts1TSEC DMO D(T ,86400. ODO)
SC= DM’J D ( TSE C ,ôO . 000)
MH TSEC/ 3600
MM= DMOD(TSEC/53, 63.300)
M8T M8/10
ME1O=NOD (tlH, 10)
MM T M11/i 0
M110 M00 (MM. 10)
CALL PLAC E (T ,K (1),X(2),X (3) ,LL T ,X L~~)TYPE 103
TYPE 101 ,ELD (1),X(1) ,XLT
TYPE 102 ,ELD(2) ,1(2) ,XL N
TYPE lO3 ,ELD (3),X (3),NCAL
T Y P E  104 ,EL Q ( 4 J , X ( 4 ) ,MJD
TY PE 1O5 ,ELD (5),X(5),MH T,~1H3,L1flT,MMO ,SCTYPE 106 ,ELD (6),X (6) ,T SZEP
RETURN
END

SUBR OUTINE iNOD(E,T,IDEN,NO6,.R~S,8IAS,LUIN,V11,LF,LE )
IMPLICIT DOUBL E PR ECISION (A—H ,O—Z )
DiMENSION X ( 7 ~ ,ELD (7),Wt1 (49)
DIMEN SION LF (6) ,LR (7)
COMMOR/ KOUNT /KOUNT (7)
R E A L  X S ( b )

100 FORMAT ( 1 8
101 FORMAT ( b X , 7X , A5 ,26 1 , F 12 . 2 )
102 FORMAT (61, I12 ,261,F12.2)
103 FORMAT (6A ,112. 3,2 6X ,F12 .2)
104 FORMAT (61, 112 ,26X ,F12.7)
105 IOEIIAT ( 6 X ,F l 2 . 3 ,26 1 ,F 1 2 . 7)
106 _ FORMAT (61 , F12 . 3 , 261 , F 12 . 7 )
109 FORMAl (1h ,7(1PE13.3))
110 FORMAT ( 17X ,6L 1,26X,7L1)

REW iND LUIN
REA D (LUIN, 103J
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R E A D  (LU.L N,1O1 ),ID.EN ,X S ( l )
READ (LUIN ,102), MJU ,XS(2)
R E AD ( L J I N ,1Oi), TS EC,1S(3)
READ (LJIN ,104),NOBS ,XS(4)
R E A D  (L U I N ,10~ ), EtiS,X S (~ )R E A D  ( LJ I N ,100),BIAS,X S ( o )
T= (MJD—1405 d7) ~~~~~~~~~~~~~~~~
00 5 J~~l ,o

5 1 (J) X 5 ( J )
00 10 0 1 ,5

10 R E A D  ( L U I N , 1O 3)
DO 20 J 1 ,7

20 R E A D  ( L U l N ,1O~ ),(~~M (7*K+J— 7 ),K=l ,7)
R E A D  ( L U I N , 100)
R E A D  ( L O I N , 1 1 3 ) , ( L F ( K ) , K = 1 , 6 ) , ( L R ( K ) , K = 1 , 7)
00 30 K 1 ,7

30 KOUNT(K) LR (K)
R ET U R N
E N D

£U8ROUTINE RTPIIIE(TA .Ti3)
IMPLICIT DOUBLE PR ECISIOH (A—d ,)—1)
TI=TA IO .  3100
TDAY IDI NT (TI/86 (40 0. ODO)
TSEC=DMOD (TI,9b’40 0.ODO)
LL OUR L DINT (TS~~ /36 00.0 DO)
18= 80400.000*TD&Y. 3600.Oou *IIJUu+D0. 003
RETURN
E N D

SUBROUTINE FAND5 (Y,Z,I,TN)
IMPLICIT 000Bi,E PR ECISION (A—n ,O—Z)
CONNON/IMU/XMJ ,RE, X32
DIMENSIO N X ( 7 ~ ,Z (7)
DT1 =T -TN
Id (DAth (D?1).Lr.1.OD—5) Ur1=0.303
DT2 0T1~ DT 1
DT3=DT 1*DT2
RN 1 D~ QET (X(1 ) **2+L(2) **2+X (4)**2)
V R 1 - (X (1) *1 (4) +1 (2) *1(5) +1(i) *1(6) ) / R N  1
RtJ2- RN1 *RN1
RN3 RN 1 * R N2

• RN4 kt~1*RN3
X K A = 1 M U / a N  3
X K B X KA*V k1 /EN 1

• F 1 = 1 . 0 0 3 — X K A * O ? 2 / 2 . X K B * D C 3 / 2
G 1=D T 1_ I KA *0T 3 / 6
F 2 = _ X K A * D T 1 4 3 * L K L I * 0T2/2
~i i=1.  01)3 —XKA*D ?212
Z (1) X ( 1 )  * f 1 , X  ( 4 )  *G1
I (2j  =1 (2) *F1~~~ (5 )  *G 1
~.(3)=X (3)*F1+X (6)*G1

4 Z. (4) 1 ( 1 ) * P 2 + Y ( 4 ) * G 2

4 
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AUG 7 B R R DA S D S R Q C K

END
F I L M E D
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~L ( S )=X (~ ) ~ F 2 + X  (5) ~ G2
Z ( 6 ) ~~~ ( J ) * F 2 + X ( b ) * G 2
RE T UR N

p 
k.ND

SU b R O U T 1 N~ OU ]~~D ( X ,?,I D E N , z~U11S,~~~~,ôIA S ,
* Luour ,~~n ,L sr A 11r  ,LSTOP ,N P~~IN T ,LF , LR )

I ? ~PL 1C11’ L ) OU k ~Lr .  PR ECISION (A—li ,3— 4)
130 k’ ORMAT (2 H
101 yoa~ Ar (6 11 SAF = ,71,A5 ,2X ,S11A =,F12. 2,2x,5L1x ,F12. 2)
102 FO RMA? (6t1 ~~~ = , 112 ,21, t th. = ,F12. 8,21,5H Y = ,F 12.2)
103 F OHII AT (bil  TSE~~~,F 12.3 ,21,5HL = ,L 1 2 . 4,2X ,5~1Z ~ ,F 12 .2)
104 FORNAI (611 NOBS= ,, I12 ,24 ,~~HN O D E = ,F 12 . 4 ,2X ,5ftX D = ,F 12.7)
105 FO RMAT (6H [(MS = , F 12 . 3 ,21, S11 HL ,Y12. 4,21,5HT D = ,F 12 . 7j
106 FO RM AT (6 11 8I~~S ,F l2 . 3 ,2L ,5FIM r ~A N = , u12 . 4 ,2X ,5H~~D ,F 12.1)
107 F OBMA ~ (1811 C D V A B I A N C E  M A r ~L z A )
108 F O R M A T  (81,1HN ,21,2X ,8HE ~O S (~ ), 2~~,8Hi S Z M ( W ) ,

* 7X ,1HL ,ôX , 4kI NODE , lX 3 k i M + l ,61, ‘4HBIAS)
139 F O R M A T  ( 1 X ,7 ( 1 P E 1~) . 3 ) )
110 F O RMAT ( b H  11113r , I1 ,18,2x ,5 l I f SE L = ,v 12 . 3 ,2x ,S H R N G  = ,F12. 2)
111 L ’O R M A i (c~H L A ST , I14 ,IB , 2X ,5~HT~~.C- ,F 12 . 3 ,2X ,5flRN G ,P12. 2)
112 FO R MAT (17 11 £~.[(TUi18AT I0NS = ,oIl ,2X ,

* 2411 L)N—FIXED PARA . r i . BS = ,711)
113 F O R M A T  (4 11 E N D )

.o o N / r t 1 / T I n E ( l ) / Y / Y ( l ) / T~iT~~P/ L ’ sr E w
D I M E N S I ON  1(7) ,E L ( 7 )  ,W M ( 4 ,L F ( ) , LH (7)
B e ~I I N D  L U O U T
C A L L  ST A T E L ( 1 , E L )
M J D = L D I N T ( T / 8 6 4 3 0 .  ODO ) +43~~117
T S E C = D M 3 D ( T ,56430. ODO)
KSTA RX = 1
KsTop= LsI oP— L~~r A R r + 1
Jk’=405t47+T 1Z I E ( K S T A  Hr )/ a6400 .~)~)O
J L = 4 0 5 1 17 + T I N E ( K S T )P ) /864~)3.h)0
TF = L) rlOi ) ( T I t t E ( K S T & R F )  , 86’~00 .3D05
TL LItI OD ( r l t i E ( K s T D e ) , 8b400 .J i)0)

Y (K ST AR T)
~ 1(K STOP )

WRI 2 E (L (J CJUT ,100)
t.hI TE (Lu ~)ur ,131) , IDEK , F.~.(1) ,~~ (1)
W H I T E  (L000T , 1 02 ) ,  MJD ,c~L ( 2 ) , ~~ (~~)
W R I T E  (L. UO U T ,1~~3) , TS EC ,E~~( 3 ) , 1 ( i )
I A I T E  ( L U U U T ,1 ) , N~~BS ,E . ( ~~I , X U 4 )
u i t I T E  ( L U O U T ,10 5) ,  [(M S ,1A.(5) ,Z ( )
W R I T E  (LU3UT ,133), bIAS ,EL(b) , X ( b )
~~1UTE ( L U J U T ,1 1 3) , LSTA~~T ,JV ,rF ,11V
~ M ITL (L u o u r , 1 1 1J , LSTOP , J L ,r L.. R L
I t U T E  (L U ~J U I ,133)
W k I T i ~ ( L U J U T ,137)
W R I T E  (LUOUT ,lOd)
DO 10 Jz l ,7

10 ~ RIA’E (LuoUT ,13~) ) ,  ( W M ( 7 * K , J — 7 )  ,K= 1 ,7)
N [ ( l r E  (Lu o U r , 130)
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w i ~ITE ( L U O U F , 1 12 ) ,  ( L F ( K ) ,K = 1 ,b J ,  (L.~~(K),K= 1 ,7)
~ [UTE (L. U O UT , 113)
E N D  FiLE L U O U T
iF  (NP }.UN T . E Q . 3 )  £~E T U R N
T Y P E  100
T Y P E  101 ,L D E N ,~~L ( 1 ) , X ( 1 )
T Y P E  102 , NJD,EL (2),X(2)
TYPE 103 ,TSEC,EL (3),X(J)
T Y P E  10l4 ,N0b S , E L ( ~e ) , X (4 )
T Y P E  105 ., R M S , EL (3) , X ( 5)
T Y P E  106 ,u Z A S , EL ( 6 ) , I ( 6)
T Y P E  113 ,LS?A~~T , JF ,TF ,RF
TYPE 111 ,LSTOP ,JL.,TL,RL
T Y P E  103
TYPE 112 , ( LF ( K )  ,K=1 ,6) , (L . i q K )  ,K= 1 ,7 )
k E T U E ~H
E N D
SU ~3 R O U T i N E  F0 E ( K 2 ,K3 ,K4 ,KiJ d AG , &~SU N ,K p1O3N)
INP L 1CIT D0 U i~L E  Pii EC LS IU N ( A — H ,~J — l )
CO M NO~ /L OG/LJ2 , U i  ,LJ4 ,LI)dA~ , LSUL~, L~~O3N
COMMON /?AC/FA~ 2, FA C3,FAC’4,i~1tIU,XiIUS,X M U M
C0N r~oN/~~IU/XMU ,~~E, XJ2/KEi/KEYS ,~~EYM
L.OG ICAL UJ2 .U J3 , UJ~4,LDR ,LS U t ~,L. 1i00~II
D A T A  L~E/63Th.135D0/
D A T A  D X N U / 3 9 d f ~31. 500/
DAT A X~1U /39d631. D0/
DATA Z~ UM /4932.77dDO/
DAT A XNUS/1.i2715~45D11/
DATA XJ 2/ 1. 0~~2 b S O — 3 /
DATA X J 3 / — 2 . 5 4 5 0 D— 6 /
DATA XJ 4/—1.6115D—6/
P A C 2 i If l J *X J 2 *L ~E **2
FAC J = X M U *X J 3 *a E * *3
?A C4 zW *XJ~~*aE**4
K E Y S= 0
KEY M 0
L .J2= . FALS E .
UJ3 . FALSE.
UJ’4. FALSE.
U DR AG • F ALSE.
L S U N = .L A L SE .
LIiOON .FAUSE .
IF (K2.E Q.0) L.J2=.TRUE.
LF (K3.E~ .3) L.J3=.TRUE.
IF  (K 14. E~~.0) LJ4 . T R U E .
IF  (K D~~AG . E~j .3)  LDNAG= . T L U E .
IF ( K S U N . E Q . O I  L S U K . Tk (U E .
IF ( K M O O N . E ~~.3) L~~OON= .T~t U E .
R E T U R N
END

SUBROUTINE DE~ RAD (A,b)
INPL L~~IT DOUBLE PR EC I SION (A -~t ,)— h )
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DINENSLO N A(1),ki (1)
DATA DTi~/O.0174~~3292519943U0/
Ii (1) A(1)
B ~2 ) A  (2)
DO 10 K=3 ,b

10 U ( K ) ~~A(K)~~DTR
R E T U R N
E N D

S U B R O U T I N E  R A D D E G ( A , B)
IMPL ICIT D~~U B L E  PR ECISION (A— ki ,3— ~ )
L)1P~ENS13N A(1) ,i3(1)
DATA RTD/51.29571951308203/
b (1) A (1)
U (2) A (2)
Do 10 K 3 ,6

10 i$ (K)=A (K)*BTD
EETUNN
E N D

SUBROUTINE ELREUN(ELR ,ELN)
ItIPLLCIT D3(JBLE PR ECISLO~ (A—iL ,)—Z )
CuNMON/XNU /X~ U , i~ E, XJ2
OLIIENSION ELR (1) ,ELN(1)
BUN (1) 0SQRT(X~ U/ELR (1 )**3)
ELK (2) = E L R (2) *DCOS (EL R (5) )
E L K (3) E L R  (2) *D SIN (E L R  (5))
EL K (4) =ELR (3)
ELK (5) =ELR (4)
ELN (b) =ELL~(5 ) + E L k ( b )
R E T U R N
E N D

3 U B R O U T I N E  E L N E L R ( E L N , EL R)
IM P L I C I T  O3UBL. E PR ECISION ( A — H ,)— Z)
COMNON/X M U/XMU ,R E , XJ2
DIMENS iON ELN(1) ,BLR (1)
D A T A  TP L/ 6 . 2 8 3 1 8 5 3 0 71 7 9 5 i 3/
ELB (1) = ( X I I U / E L N  (1)  **2) ** ~1. OUC/ 3 . 000)

• ELE (2)  =DS~ BT (ELK (2) s*2+EL~ (.1) **~ )
ELR (3)  E L N  ( 4 )
ELR (4) ELN(5)
ELR (5) A R K T N S ( 3 6 0 , EU N ( 2 ) ,~ .L. ti~( 3 ) )
ELR (b) ELN (o) —EUR (S)

• IF (BLR(6).LT.3.000) ~LU (6)~~ .L1(b)4TPI
R E T U R N
END

SU1sROUTINE SOLV~~(X,?STAR~ ,T~~T0P,LMT ,DT)
IMPLICIT DOUbL E PRECISION (A—N ,.)-.h)
Co oN/?sT /r.~rEP/NcAL/N~ AL
CO UK/ JI iS C/ OdSC/P D N I N E / k ’ D N L N - ..I SAT ,LU OU ?
DIMENSION X (7)
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LO& ILAL WiSC,PDNIN E
11 ( INT . LT .0)  J N T ~~O
IF ( I N T . G E . 0 )  J N T = INT
N CA L 0
th)T=DI
IF  (A)ABs ( O D T ) . L T . 1 . 3 o — 4 )  T T I ’ s h E ( x ,0 .03200)
T STE P =DD T
ObSC~ . FALSE.
P b N I N i ~=. FALSE .
IF (ZNT . GE. 0) CALL P A P E R  (X , T S T A R I )
C A L L  N I N E ( X ,T i T A f l T ,T ST OP ,J N I ,UDT)
£1 (INT.GE.0) ..ALL PAP ER(X,TSTOP)
R E T U R N
E N D

S U b R O U T i N E  F O J R  (X .TSTART ,TST JP ,L N T ,D T)
i M k ~LICIT DOU b L E P R E C I S I O N  ( A — n ,J— Z)
L OMM ON /L L I U / X M J ,R E , X J2 /S UAJ 3/ KKE1~Y Y
connoti/TsTEP/rs TEP/N CA L/t4~..ALD I M E N SLJN ~~7) ,XL3AD (7)
LOGICAL LPRINF
N C A L O
U CO N= 1

LPRINT . TRUE.
LI (INT.E~.j.—1~ LP~ INT •FAL~i~..
IF (DABS (UD?).LT.1.OD—’4) UDT=STPShE (X ,O.03200)
XM STE&~ (rsraP—TSTARr) /DDT
YN5TEP=DAøS(XiSTEP)~~O. OO~~1D0
NM STc.P=IDI$T (YMSTEP)
IF (NpI.irEP.LT.1) NMSTEP= 1
Tt ~ iTEP ( TS?OP — T. TA B?) / N M S T r . P
~ ~iTEP TM . TEP
* (7)=rsrAaT
L V  ( L P N I M T )  C A L L  & A P E N (X ,X (7) )

10 C ALL RU K (K )
~V ( Et.YY .E~ .3) ~O TO lb
TL OAU X ( 7 )
L,0 12 v~= l , 6

• 12 XLOA D (K) =1 (K)
CALL SMADJW (TL.3AD ,XLOAD)

15 i .i’ (DARS(TSIO?—X(7)) .LE.1.3uJ) .~3 T3 30
LV (TSTJP.G? .TSTART .AND.4(1).GL.TST3P) GO TO 30
IV (TST)P.LT.TSTART.AN D.*(1).LE.TST3P) GO T3 30
LV (LMT.~~c~.O) .i ~~ ro 20
IF (LCON,’LNT*LNr.NE. LcOK) GO TO 23
ië  (L PNZ H?) C A L L  P A P E R  (X ,K ( 7 ) )

20 L CON z L CON ~~1
(iO TO l3

30 IF  (LP & ( L N T )  C A L L  P A P E R  (X , A ( 7 ) )
RETURN -

~ MD
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S U B R O U T I N E  DF~~(h ,D X )
IMPLICIT DOUf3~.E PR ECISiON (A—k i ,~)— Z )
COMM ON / TS TEP/ ? S?EP
uIMENSION X (7),D X ( 7 )
CALL DI1VEQ (X(7) ,X (1),X (2),h.(i),I(4),

* 1(5) ,X (6) ,IDD,YDU ,ZD U )
D X  ( 1) =1 ( 4)
LiI (2) ~X ( 5 )
D4(3)=X(6)
DX (4) XDD
b X ( 5 ) = ID D
D X ( 6 )  ZD D
DX (7) = 1. ODO
DO 10 K 1 ,7

10 DX (K) =TSTEP*DX (K)
R ET URN
E N D

~i U b R O U T I N E  R U K ( X )
I L i L ’L I C I T  DOUBL E PR ECISION ( A — H ,)— h )
DIMENSIJN U (7),O(7),F(7),X (7)
N~~7CALL DF~~(X ,D)
DO 10 K 1 , N

10 U ( K ) = X  (K)  + 0 . 5 0 3 *D ( K )
CALL DI Q (U ,P )
00 20 K 1 ,N
D (K ) 0 ( K )  , 2 . O D O *F ( K )

20 U (K) X ( K ) + O . 5 U 3 *F ( K )
CALL DV Q (U ,F)
DO 30 K 1 , N
U ( K )  ( K )  +2. O D O *F  ( K)

30 U (K)=X(K) +F (K)
CALL DF~~(U , F)
DO ‘40 K= 1 , N

‘40 1 (KJ=X (K) + (U(K)  + F( K)  )/6 .000
R E T U R N
E N D

DOU B L E P R E C I S I O N  F U N C T I O N  ST ~ S Z E ( X ,ST EP C K )
IMPLICIT DOUBL E PR ECISION (A—H ,3—h)
.ONMUN/XMU/XMU ,LkE, XJ2
DIMENS ION X(7),ELD (7)
CALL STAT z . L( X,ELD)
uMIMXELD(1)* (1.0D3_ELD (2))
A zUS~~R T ( X N U * E L D ( l ) * ( l . 3 D 0 — E L D ( 2 ) * * 2 ) )
. TfrShEZSTEPCNSRMLN ~~2/AM~jM

E N D

SU BR OU T I N E  D I V V E~~( D.U,V ,~~,U U,V U ,~U),UDD ,VDD ,WD D)
1NPLI C L~ DO U h4L B PK ECL SI ON ( A — R ,O— 1)
M t . A L  • b,R 1~~~A~~CB ,CC , ..D ,CE 1 CF ~~CG ,CH ,CI
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R E A L  DA 1, DA2 ,0A3 ,D AL4,DC,L4, hB,L ,ZD,ZE ,ZF
R E A L  RS,DRS,L~iUN ,D X S U N ,RM ,DBN ,XM 3ON ,D XM O 3N
R EAL V 1 ,V2 .11c ,R H O N,SF
CONMON ,’LOS/LJ2, UJ3 ,LJi4 ,LDLtAG, L SU N , IM OO N
CON MON/A TM 9/AT MR /N CAL/NCA L
DIMENSION XS (6) ,XM (6)
LOGI CAL LJ2 ,LJ3 ,U J4,LD RA G,L SUN ,i..M OON
COMMON/FAC/FA~ 2, FA Ci,FAC’4,DXfl~~,X N U 5,XN UM

T D
12 = U * U G V* V + W * W
Rl=DSQEtP (12)
R 3=R 1*R 2
R4= 92 *E2
R5=R2*93
D A 1= W / R 1
DA2 DA 1*DA 1
K EARTH=DXN U/N)
UDD=—X EABTH*U
YDD=_X EARTII*V
W DD=—XEAR?il*W
N CA L N CA L + 1

IF (UJ 2) GO TO 10
CA 1AC2/15
CB 7.SEO*DA2~ 1. 5E3
LC CB—3 . OEO
U DD UDD+CA*CB*U
V D D V LiD+ CA*CB*V
K DD WDD+ LA*CC~ K

10 IF  (LJ 3) GO TO 20
96=13*93
DAJ DA 1*DA2
CD FAC3/B6
CE 17.5E0*DA3_7.50 E0*DA1
CF 17. 5E0*DA3_15.O E0*DA1
UDD UDD,CD*CE*U
V DD V DD+ C D*C ES V
WDD UDD+CD*CF*W+ 1. SEO*FACJ/95

• 20 IF (LJ4) SO TO 30
97 93*R’4
DA ’4 0A 2* DA2
CG FA C4/R7
CH 39. 37 5E0 *DA ’4— 26 .25 9 0 *DA2+1.  875E0
CD39 . 375E0 *DA4-43 .75E 0 *0A2 .9 .  315E0
U DD U DD CG*CH *U
V DD VDD+CG*CH~ V
WDDzWDU,CG*CI*W

30 IV (LDRA G) GO TO 35
IF (R1 .GE.7000 .OEO ) GO To 35
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IF (Ri.LE.649 8.OEO ) GO To 32
UC 2.OEO V

RHON=35.36E0
Z M— 0. 7385 71E + 4
ZB —O . 645263E+4
ZC +0.432901E.1
ZD —O. 5B7715E4 3
ZE +O. ‘453b87E+2
ZF (91 IZA) *ZE/ ((Ni +ZB) *ZD~
9HO=BkION *ZF**hC
GO TO 34

32 9liO=RkION*EXP ((6L498.O_R1) /11.3)
34 V 2 UD~ UD+VD*VD#WD~ KD

V 1 SQ R T (V 2 )
SV DC~~0. ~E 0 *RIIO *V 1 *ATNR
U DD UDU— SF*UD
V DD=VDD—SY~ VD
K DU=WDD—SF~ WD

35 iF (L.SUN ) GO TO (40
CALL SUN (T,XS~
k5X 5  (1) **2+X~ (2) **2+XS (3) 5*2
B S SQBT (RS)
D1S (ZS( 1)—U) **2 + (X S  (2) —V ) **2+ (15 ( 3 )  _

~~ ) **2
Li 9S Sc~kI’ (DE S)
ISUN LM US/RS**3
DXSLJ N ZMUS/DRS**3
UDD=UDD+ (DXSUN-XSUN—6 . 650— 19) *XS (1) —DISUNSU
YDD YDDe (DX SUN— ISIIN—6. 65D—~ 9) *15 (2) —DXSUN*V
W DD=WDD+ (DXSUN-XStJ N—6.65D— 19~ *15 ( 3 )  —DXSUN*W

‘40 IV (LMOON) GO TO 50
CALL NOO N (T,X~ )
RM=XM(1 ) ** 2 + X M ( 2 ) * * 2 + X t I ( 1 ) * * 2
R N S QRT(RM)
O R L I  (XLI (1)—U) S*2+ (XLI (2) —~~) *‘2+ (XLI (3) — K) **2
DRM S~ R? (DRM)
XNOON XPIUM/MM**3
DXMOON XMUN /DEN *3
UDU UDD+ (DXMO3N—XLI OON) *i&~1 (1)—UXfl3ON*U
V DD=VDD + (D1NOJH— OOM)*1e~(2I- D1ftOON*V
KDD IDD+ (DtNOON—XLIOON ) *%ij  (3) —UXNQON*K

50 RETURN
E N D
S UB R O U T I N E  oaazr (EL D,x,4:,rEk~oCkI)
IMPLICIT DOUBLE PK ECISIO~ (A— R ,)— ~ )
R E A L  S1PI*I ,C1PHI ,S2P HL ,C4P~LI ,SiPdL ,C3PRI
SEAL SI,CI,5I2,1C2 ,U,UN ,KIK C,dLIBAL4
CQMM ON/I 1IU/INLJ ,IL E,1J2
DIMENSIOR E L U ( 7 )  ,ELR (7),ELM (7) ,Z (7)
CALL DEGRAD (ELD ,ELR)
CA L L  E L M E L M ( E L R , EL N)

100

V 

- . 
- - V 

- ~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _



X N =  ELK (1)
A 8 E A N XN ~ (?—TEL’O CII )
XC2=— 1J2* (RE/ELD (1)) 5*2
bMEAN AMEAN
U N = ELL4 (6)
U =U N + B N AN
X L K L r LN ( ( 4 )
SL SIN ( X V L N C )
C IC OS (XIN C)
S12 5I** 2
S1PLII=SIN (U) - SIN (UN)
C1PHI=C3S (U) — C OS ( U N )
S2Pk1i=SI N (2*U) —SIN (2*(JN)
C2?flI=COS (2*U) —COS (2*UN)
S3PHI=SI N (3*IJj —SIN (3*UN)
C3PHI=C3S(3*U) —COS (3*UN)
ELM (1) ELN (1) ‘2. 25*ELN (1) *K~~~*5j2*C2PflI
EL K (2) = E L H ( 4 J  +X C2 * ( ( — 1 .  5+1 . d 7s *~~I 2 )  * C 1 P H I — O .  8 7 5 *S L 2 * C 3 P L I I p
E L K  ( 3) = E L N  ( 3 ) I 1 C2 5  ( ( — 1. 5 4 2 . 6 2 5 *5 1 2 )  ‘S 1 P L I I — O . 8 7 5 ’S I 2 * S 3P ~~I )
ELK (4) ELN (‘4)—0. 75*XC2~ SI*..L*C2PRI
ELK (5) =ELN (5) +1. 5*1C2*CI* (bNEAN— 3. s*S2PaL)
ELK (6) =ELN (6) — 2 .  25*XC2*S12*CJS ( 2 * U N)  *B N E A N
E LN (b) E L N  (6) • 1.53 *X C2 *( ’4 .  O *Si2—3 .  0) ~ B M E A N
ELK (6) =EA.N (6)40. 375*1C2*(4.Q—5.)S512) *S2PfJ I
ELK (6) ELN (6) +ALIEA N
CALL . EL K ELk ( E L K , ELI)
CALL RADDEG (ELR ,EL D)
CALL ELSTAT (EL D,X)
R E T U R N
E N D

SU 8RO U TI t4~ S TA ? E L  (X ,EL D )
IMPLICIT DOUBL E PR ECISION (A—d ,O—h )
CON MON/K NU/XMU ,R E, 1J2
DIMENSION 1(7), ELD (7), ~s(3)
DATA PI/3 .1’415 126535897~~L) 3/
D A T A  T L ’ L / 6 . 2 8 3 18 5 307 17 95 0 0 /
DATA RTD/57.29577951308200/
A3 (1) X ( 2 ) *X ( 6 )  — X (3) ~ X (5)
B ( 2 )  = 1 (3)5 1(4) —X (1 ) *X  (0)
B ( 3 ) r X  (1) *1(5)—K (2)*X (‘4)
d 2 = X ( 1 )*X ( 1 ) + X ( 2 ) * X ( 2 ) +X (3) *X ( 3 )  IA

V 2 = X ( 4 ) * X ( 4 ) + K . ( 5 ) * X ( 5 )  +X(~) *1 (6)
D~~~~ ( 1 )*B ( 1 ) + t $ ( 2 ) * B ( 2 ) + B ( 3 ) *B ( i )

• A A = X ( 1 ) * X  ( 4) 4 1 ( 2 )  *X ( 5)  +1 ( 11 *1(6)
a1 US~ S T( k 2 )
Bl DSc.)R? (b2)
AA AA/X IIU
P 1 U2/XN U
c3 V2—2. O D O *X f l U / M l
5M A — X N U / C 3
ECCzUSc.)BT(DABS (1.3D0+C3*P1IXLIU))
L I N C 2 A A K T K S ( 1~I3 ,8(3) ,D S Q d Z ( B ( 1 ) * *2 + b ( 2 ) * *2 ) ) V
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X N O D E A R K T N S .(36 O ,— 13 ( 2) ,L8 ( 1) )
TUETA=ARKTNS (363, (P1—E l) ,Ei*A A)
AR GLAT ABKTNS (3b0,X (2)*B (1)—h(1)*B (2) ,X (3)*B1)
P E R i =A k ~i L A T — T H E T A
IF (L’ERI.LT.O.ODO) PEa I=~~~~I+rPL
F 1=AA *XMU / DSQ L~r (X MU 5 S NA )
F2=  1 .000— R 1/ SM A
IF (DAIIS (ECC).GE.1.OD—8) SJ To 10
COSE 1.300
S I N E O . O D O
GO TO 2O

10 SINE V1/ECC
C OS E F 2,’ ELC

20 E A R K T N S  (360 , D S E , SINE)
X L ’IE AN = ( E — E C L * SL N E )
I V  (ECC. E Q . 0 . O D O )  X M E A N = T ~~~TA
EJ.D ( 1)  ~ SM A
ELD (2) ECC
ELD (3) =X1NC ~~9t [)
E LD (4) XN ODE *Rf l )
ELD (5; P E R I *R T D
ELD (0) =XMEAK*kI?D
B ETURN
E N D

SU B R O U T I N E  E L S T A T  (E LD ,X)
IMPLICIT DOUBL E PR ECISION (A—~I,)—Z)
L OrINOK / X fi U/XMLI ,R E , XJ2
D I M E N S I O N  1(7) , E L D ( 7 ) , A ( 3 , 2)
DA TA D T 9 / 0 . O 1 7 ’4 5 3 2 9 2 5 i 9 9~~3U0/
SNI D SIN ( E L D ( 3 )  *DT R)
CN.L =D COS (E L D ( 3 )  t O T E )
SOM =D SIN (ELD((4) *D TR )
CU M DC OS (ELD (‘4 ) *D?R )
X M DM’J D ( E L D ( 6 )  ,3 6 0 . 0 D O ) *D ~~R
E C C = E L D ( 2 )
E = Z K E P (EC,. ,X M , 1 .00— 10)
S I N E D S I N ( E )
COSk. DC3 S (E)
5TA S~j h T ( 1 . O D 3— E C C * *2 ) * S L t l E / ( 1 . O L b 3 — E C C *C O S E )
CTA (COSE—ECC) 1(1. ODO—ECC~ COSE)
AA A B  K? KS ( 183, CTA , STA)

T L b _ V T A A + D T E *E U D  (5)
CBA=DCOS (TBB)
SøA =D SIN (TSB)
A (1 ,1)=4COM*C0A—5OM*CNI*S~SA
A (2,1) +SOM*C&JA+COM*CNI*S~ A
A (3,1) =+SNI*Sf3A
A (1 ,2) =- COM*SUA-S)lI*CNI*CdA
A ( 4 ,2) — S U M * SU A + C O M*C141*CdA
A ( 3 ,2 ) = . SN I *CUA
? E L D ( 1 ) * ( 1 . 0 0 3 — E C C * *2 )
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Vi ~=E C C*ST A *DS~? RT ( L M U / P )
v I = D s U E T ( K ~1u * ( 2 . 0 D 3 / R — i . J U j / ~.L.u( 1 ) ) — V R 4 v 9 )
00 10 K=1 ,3
K ( K )  R~ A ( K , 1)

10 X (K+3) V9*A(K ,1 )+VT*A (K ,4)
R E T U R N
E N D

F U N C TI ON A EK T N S  (N ,I ,Y )
ItIPLICzr DOUBLE k’R ECISION (A—H ,)—h
DATA PI/3.1’415926535b~ 79UJ/D A T A  Vrp I/o 2~~3185 jO7179 bO/
IF (X.NE.O.003 ) GO TO 10
IF ( Y . G ’r . O . O D O )  T 0 .  5D0* L~i
I? ( Y . Lr . 3 . 0 0 0 )  T 1. 5D0 *Pi
LI, (~ .r~~.O.0D)) T= O.OLI O
GO TO 0

10 T=DATAN(K/X )
IF (A.LI.0.0D 3) T T+PI
IF  ( T . L I . O . O D O )  T = T + T P I

20 LV (N.E~~.3bO) ~
) TO 30

A l  ( T . G T .t ’I) T = T — T P i
30 ARKTNS T

R E T U R N
END

F U N C T I O N  S K E P  (ECC .X M , TOL)
100 FORMA T (1iX ,4 )H  5* K E P L E R S  E~ UATL ON DID NOT CONVER GE 5*)

EOLD XN
DO 10 K= 1 ,20
SEC= SL N ( E O L U )  *EC C
CEC= COS ( EOLD) * E L C

~NEW= (xb+SEC—EOL. D~ CEC) / ( 1 . ; ) V~.3— C E C )

DE ABS (ANE ~ -E)LL))
IF (UE.LE. TOL) sO TO 20

10 EOLD ENE W
T Y P E  100
STOP

20 SKEP BNEW
RETURN
END

DOU BLE PRE CISION FUN CTION K Kr P (EC C,XN ,TOL)
IMPLICIT DOUBL E PR ECISION (A—LL ,)—Z)

100 FORMAT (1OX ,’43U ** KEPLELtS E~ UA FL O N DID NOT CONVERGE *5)

EULD X M
DO 10 K= 1 ,100
SEC DSIN (k.OLD) *ECC
CEC DCOS (EULD) *ECC
ENEW (XLI +SE.—EOLD*CEC) /(1.3D0—C~.C)
DE DA BS (ENEK—E3LD)
IF (DE.LE.TOL) 0 TO 20

10 EOLD E N E K
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T X P E  103
S TOP

20 X K E P = E N E W  S

R ET U R N
E ND

SU8ROUTIH~ P3SIJN(T,X 1 ,Y1 ,Z ii
IMPLICIT DOUbLE PR ECISION (A—il,3—Z)
COMPtON/XMU/XMJ ,E E , 1J2
COMMO N/L.OC/XUAT.XLON ,ALT,LSTA 1
COMMON/INIT/INTT/X YZ/X E, iE , Zi~
DATA DTR/O.O174~~32 9251 9943DU/
DATA ECCN/O . 0818 188108D0/
DATA ANITfO/
T1= LOIN? (T/86L400.ODO )
T2= D tIO D (? ,86’4OO.ODO)
CALL GHA7O (T2,T1 ,~~HAN ,O .0OO,J&iE~ A)
G HAN GHAN~ DTR
S1NT DSL N (GHAN)
COS T DCO S (GE A N )
11’ ( IN I T . G T . O )  GO TO 10
SLAT L~S1N (XLA?~ DTR )
C LA T- D CD S (X L  AT S 0 TE
SL ON ~ DSI N ( X L O K *D T R )
CL O N D C O S ( X L O N * O T R )
FACT 1 . 3D 0 / D S2 E r  (1 .O DO— E. . ~~N *” 2 * S L A r * *2 )
XE= (B E t A  UT) *C L A T *~~L O N *F A C T
~E= (RE+ALT) *CLA?*S L3N*FAC?
hE = (RE+AL-r ) *SLAT*FACT* (1.3 00— MC N**2)

10 X 1= + X E *C O S T — ! E * SI N T
~ 1 +XE *SIk ~T + Y E *C O S T
Z1= +ZE
iNIT~It1IT+ 1
R E T U R N
E N D

SUBR OUTINE PLACE (T,X1 ,Y1 ,Zl ,~~~AT ,XLON )
IMPLICIT DOU bL E PRECISION (A—kI ,J—Z)
D A T A  D ? R/ 0 . 0 1 74 5 3 2 9 2 5 19 th 4 3 L a~) /
T1=IDINT (T/Bo’4OO.ODO)
T2= DMOD (r ,86 ’430. DD O )
. Ai.L C..41A 70 (T2 , F1 , GHAN ,3 . JD0 , DM ~ SA)
HA N 0 HA N* 0TH

SIUT DSIN ( G E A N )
C OS T=D CO S (G kLAN
X X1*COST+Y1*SINT
Y = _ X 1 * S I N T + X 1 * C O S T
z = + z l
K MAG DSQRT (X*X+ Y ~!)
LLAT DAT ALl (Z/XLIAG) /DTR

RETURN
E N D
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. U t ~L~OU T L N c .  G HA 7D (TS EC ,TD~t~ ,,~~AN ,oA ,oME(;A )
IL ~?Lj ~..IT DOIJ~ Lr. PR ECISIO~ (A—&1,J— Z )
DATA hTD/57.295779513082i)3/
D= TDA Y+ 7 305.000
ONEGA= -3.O0 (417 7462O0/ (1.iuO+~~.~~1 O-13*D)
D F DLIOD ( 0. 96 35 00*0 , 3Dt .~. 000)
r E ~~? = 1 O) .O 7 S 5 4 D ~~.DP+ 2 . 9 0 1 0 — 1 i * O * * 4 + O M E G A * C S E Z
U L I A IThOD (TEfi~ +iJA* R TD , 360. JLI J~
I F (i~, t i A N . L T . O . 3 D 0 )  G H A N = ~,t h t N + 3 b ) . ) U 3

OR N
E N D

~ U b k O U A~i N E  YD (r ,K Y , KDA Y , K i ,~th , 3 E C )
LM ’LIC IT  000BL C PR ECISIOL’i (A—d ,J--E)
D I M F N S L D N  N Y S r ( 2 0 )
DA T A  MYST / 409 -3 1,41 316,4 1bd2 ,42 O~47 ,4241 2,

4 ‘42777 ,431(4 3, 4350b ,4J~~73,4’4238,
* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* 0,0,0,0,0/
ZIJL)z1405d 7+T/bb400. 000
Do 10 K= 1 ,20
IF (MJD. LE.M ? ( K) .3R. MJ0.~~E.~~Y~~2 ( t ~+ 1 ) )  ~O TO 1)
K b A Y = h J u — N Y s r ( ~~)
~ ‘t=70+K
GO TO 23

10 CON TINUE
STOP

20 TSEC= L ) M 3 D ( T ,8àL430 . O D O )
K R TSEC/3600. 0u3
£SEL TSEC_KH*3630. ODO
N N = T S E L / 6 3 .  00)
~ EL~~TSE M M *6 3 .  3 DO
R E T U R N

s J L s R O J T I N E  SU N (r ,X P )
~OU L s L E  PB~ CLSL~~:4 r ,TB , ?M , Tt ,Xp ,Xb ,KM ,XF ,X J B ,X J M , X J P
D IME NS I O N X k~(o) ,XB (6) ,XN(o ) ,Lr (o)
CONNOK/S5AVE/TB ,T~I ,TF,A X , , CX ,A~i,B1 ,CY,AZ ,BZ,Cl
SUM MON/KEY/KEYS I K E Y M
DATA KrKS/0/
ii’ (T .L E . T F . A  ~~~~~~~~~~~~~~~~~~~~~~~~~ 1) 03 TO 20
£ M T
11=1+432 000.0
Tb =T —4 32000.0

• K E Y S 1
C A L L  S O U P S  ( TB/96 ’40 O . 0 D O ,X~i )
CALL sUNPS (rN/a640O. OD0,1~1)• CALL GUNPS(?F/86’400.000,X?)

• T1 TB—TM
T 2 -~1F—Th

• 13 TF — T M
X 1~~A F ( 1 ) _ X N ( 1 )

-S -V
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Y1 X1(2J —XM ( 2)
Z 1 11 ( 3 )  —I N  (3)
12= XM ( 1) — X B( 1)
~ 2 = X M ( 2) —2B(2)
12=X M ( 3) — XB(3 )
T 123 1.0/ (T1~~r 2 *T 3 )
T 12=T1** 2
T32 T3*52
AI X M ( 1 )
A ! XM (2)
A Z = X f l ( 3 )
dX =X1* T 1  2+ 12*F32
fi~t=Y1*T12 +!2*T32
£ s Z = Z 1 *T 12 + h 2 *r 3 2
CX=X1*T1+X2*T3
C’i=Yl*TI +12*Tj
C Z = Z i *T 1  +h 2 *T 3
b1 —BX *T 123
B1 —BY *T 123

=—.BZ~~t 123
C X =+ C X *T 123
CY +CY*T 123
CZ +Ch *T 123

20 TT1~~T — T M
1T2 1T 15*2
I P( 1 p~A 1+B X *T r 1 + C X * T T 2
XJP(2) AYGBY*Tr1+CY*TT2
LP(3)= Az+aZtTrl+C1*rT2
R E T U R N
END

S U B R O U T I N E  MO O N (T , I?)
DOU BLE P R E C I S I ON  ‘r ,TB ,TM ,TL’,AI~,1B,I~~,X F , XJ 8 ,X JN , X J F
DIMENSION XP (6), XB (6),XLi (b) ,LF (b)
COMMU N/ NSAV E /TB ,TM ,T?, ~~~~~~~~~~~~~~~ ,CY ,A1 ,Bh,C1
COMMON/KEY /KEYS , KEYM
DATA KEY M/0/
1? (T. LE .T ? . A ~I D . T . G E . T E . A N L ) . K E Y M . E ~~.1) (40 TO 20
T M= T
r F T+ ’43203. 0
TB= T—432 00.0
KEYM 1
CALL MOONPS(?t~/864OO.OD3,KB)
CALL MOONPS(T1/86L400.000,LM)
CA LL Moo N p s ( r F / a 6 ’4 00.000 ,1v)
E 1 Td-TM
T2 TF—T B
T i = T Y— T M
X1=XF (1)—XLI (1)
Y 1~~~E j 2 ) ~~A N ( 2 )
11=XF (3)—XtI(3)

Y 2 X M ( 2 ) — X B ( 2 )
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Z~~~IN ( 3) — X d ( 3 )
T 124= 1 .0/ (T1 *r2 *T3)
£ 12=T 1**2
T42=T3** 2
AX=XN (1)
A Y XN (2)
A Z = X M  ( 3)
BX ~~X 1*T 1 2+X2 *?32
BY Y1 *T12+1 2 *T 32
6Z Z1 *T12+Z2 *F 32
CX~~X 1*T 1 +12*Ti
C1 Y1*T1 +12*T3
CZ Z1*T1 +Z2*T3
BX ~~~BX*? 123
BY~ —BY*T 124
BZ~~~BZ *T 123
CX +CX *T 123
CY +CY*T123
C Z=+C~~*? 123

20 T11=T —TM
1T2=TT 1**2
II’ ( 1) = A X + B X * T r 1 + C X *?T2
XP (2) = A y + H ! * T r l + C Y *r T 2
X P ( 3 )  AZ+ z iZ *TT1 +Ch *TT2
R E T U R N
END

SUBROUTINE SUMPS (KJD ,XS)
DOUBLE P R E C I S I O N  X JD ,XS
DIMENSION XS (6),LNS(4),XNS (4),IES(3),XIS(4),XT(5)
DATA X ES/ 0 .0167513 4 EO,— O. 3OO0 ( 41dOEO ,+O .O 0O 00 012~ E0/
D A T A  XIS/23. ’452 294 4E0 ,— O . 3 1 3 0 1 2 5 E 0 ,—0 . 00300 164E3 ,+ 5 . 0 3 E — 7 /
D A T A  X W S/ 2 8 1 .22 0 8 3 32 0 , +O .00004 7 3 6 o ’4 E O ,+’e.5 3E— ’4 ,.3. 33E—6/
DATA XNS /358.47583 0E0,+0.9d56002670E0,—1.SOE— ,—3.33E—6 /
DATA DTN/0.011’4532 925199’43E0/
DATA P1/3.14159265 358979E0/
DATA TPI/ 6 .2 83 1E5307 1795E0/
D 1~~XJD *2 55o7 .5EO
T1 D 1/i6 525. OE O
T2=T 1*T 1
T3 T2*T1
ZA= 14960 0000.3 ED
hE= K E S ( 1) + X E S ( 2 )  *r 1 + x E s ( I ) * T 2
zz~~x z s( 1 ; + x z s ( 2 J *r 1.xzs( i ) .r 2 + L z s ( 4 ; *T3
Z P*X W S( 1 )+X IJ5 (2 ) * D 1+X W S ( 3 ; * T 2 + 1 K S (~4 ) * r 3
ZM X N S ( 1 ) + X M S ( 2 )  *D 1 + X M S ( 3 ) * 1 2 + I M S ( 4 ) *T3
&I= ZI*DT R
h L ZP*DTR
h M E A N AN OD (Z M , 360. OR O ) *DTH
E C C A N N = S K E P ( h E ,Z M E A N , 1.Or.— 5)
SIN EzSIN ( E C C A N L I )
C0SE~ COS ( E C ç A N M )
SIN! 7=SLWE *SQRT(1 . OE O_ ZE **2 ) / ( 1.0E0_ ZE *C3 SE)
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COSFF= (COSE-ZE) / (1 .OE0—~~E*CO~~E)
U P = Z e . A T A t J 2 ( S L N F F, COS??)
RS ZA* ( 1 . O E O — Z E *Z E ) / ( 1 . 0 E 3 + B r .*COS FF)
K S ( 1) = +R S*COS ( U P )
K S (2) 49S*SIN ( U P )  *CD S (ZI)
X S ( 3 )  = + R S * S L U ( U P )  *51K (ZI)
RETURN
END

SUBROUTINE MOONPS (IJ D,XM )
D O U B L E  PRECISION ZJD ,X11
D i M E N S I ON  A ( 4 ) ,B ( L ê ) , C ( 4 ) , RP (6) ,N ( 6) , E ( 4 ) ,T E N P ( 3 ) ,X M ( 6 )
D A T A  A/2 ’4d .77099E 0 ,13. 0649 92 ’e4b ’4 9BE 0 ,6. 890E— 12 ,I0 . 295E— 18/
D A T A  B/ 3 l7 .2812 5E3 , + 0 . 1b ’4 i 5 d 0 O2 5 E 0,— 9 . 2 9 7 E— 1 2 ,—0 .~~02E— 18/
DAT A C/— li e . b8~~635E0 ,— .O5295392219 9E0 ,+1.55 7E—1 2 , +0.055—18/
D A T A  E/23. 4431 852E 0,— .0 133125k~) , —.16389E— 5 ,+0. 5)3E— 6 /
DATA DT R/ O.O 17453~~925199 ’43E O/
DAT A II/0 .08~~834113 16E O/
D A T A  T~’L/6 .2~~i 185307179~~~L)/
DATA ECC/0. 054900 48950/
DATA AM/ 384i430 . 050/
D=X JD+ Q .  550
T (IJD+25567. 50)/36525.OEO

C D 1$ THE NUMBER OF DAYS FROM J A N  J 12 HE S 1~~7)
C T £5 THE JULIAN CENTURIES FROM 1900 JAN 0 12 E R
C 100 15 rUE JULLAN DAYS FROM JAN 1 OuRS 1970

L12= Li*D
D3 D2~~D
T2=T*T
Ti=T2*?
T E M P ( 1 )  A ( 1 )  tA (2 ) * D+A (3) *0 2 +A (4) *03
T E N P ( 2 ) B ( 1)  + u ( 2 ) *D + B ( 3 )  *D2+ ~.~(4) *0 3
T E M P ( 3 ) = C ( 1 )  + ... ( 2 )  *D G C ( 3 ) *D ~~+_ (‘4 ) *o 3
DO 10 K= 1 ,3

10 TEMP (K) AM OD (PEMP(I() ,360.3EO) *DPR
XL=TENP (1)
X L.OM=TENP(2)
ON =TELI L ’(3 )

( 1) +5 (2) .r 4 E (  3) *T2 +E (4)
EN EI T S KE P ( E C C ,XL , 1.05— 5)
SE SIN ( E N E X T )
CE= COS ( E N E X T )
DEN= 1.  OEO—E CC *CE
S MA G A  DEN
~ L SLH (XI)
CI COS (XI) -
SF~~SUAT(1.0EO—ECC* ECC) *5E/~~~N
CL ’ (CE-ECC) /DEN
SLO2SINIXLON)
CLO Z C O S(XLO M)
SU SIN (3M)

• LUZCOS (ON)
• 5S 5V*CLO+CF*SLO 

V -
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LS=CE*CLO .~SF*SL.0
RP (1) ~~MAG* (C~ *CO- SS*CI*S3)
kLP (2) rtMAG* (CS *SO+ SS*CI*C))
R&’ (3) RNAG*SS*SL
SE SIN (EP )
CE COS (5?)
X M ( 1 ) RP (1)
X~t (2)  = i tP  (2) * C E — R P ( 3 )  ~ SR
1M ( 3 ) R~ ( 2 )  *SE+RP (3) *CE
R E T U R N
E N D
SUBROUTINE D1V R (A ,B,C,NR ,N~.)
IM P L i C I T  D O U b L E PR ECISIO N ( A — U ,O— ~ )

• DIMENSION A (1),Is(l),C ( l )
DO 10 K C 1 ,NC
DO 10 K E 1 ,NR
K 1 KR + ( K C— 1)  ‘NE

10 C (K1) A(K1)/B (KC)
R E T U R N
END

SUBROUTINE bI~ L I T ( X M B ,XM~)
I M P L I C I T  0OU~~LE PR ECISION (A — H ,J— B)
OMMON/KOUNT/KOUNT (7)

D I M E N S I ON  X N L ( 1 )  ,X M k i - ( 1 )

00 10 K:1,7
00 10 J= l ,7
LB = Lb+ 1
L I  (XOu N T ( K ) . . ~i . 0 . u E . K O U N T ( J ) . E ~ .3) GO TO 10
LS LS+ 1
A ML. (US) X M B ( L ~ )

10 CONTINUE
AT U RN

~ U U R ( j U T I K E  L I ? B I t s ( X M L, X flb)
IM P L I CI T  D OUBL E PR ECISION ( A — H ,O—h )

• CONMOM/KOUNT/K3UN? (7)
DIMENSION lML(1) ,Xflz~(1)
L B O

DO 10 K 1 , 7
DO 10 J 1 ,7
LB LB+ 1
X N u (Lb ) = 0 .OD O
IF ( ( K — J ) . 5~~.3) X N B ( L B ) - 1 . D D — d

• 11’ ( ( K — J ) . E Q . ) . AN D . K . E Q . 1)  ~~ d ( L B ) 1.0D— 16
I F  ( ( X ~ J ) . E ~~. ) . A N D . K . k .~.) .7) X N v ( L B ) z 1 . 0 D _ 0 2
LI ( K O U N T ( K ) . E ~d. 0.O R . K O U N ? ( J ) . E ~ .3) GO TO 10
LS LS+1
XMIi (LN) .XISL (LS) - 

-
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10 C O N T iN U E
RETURN
END

FUN CTION PASTRa(ELN ,T,TN)
IMPLICIT UOU~ L b. PRECISIO* (A—L1 ,3—1)
COMMON /B LAS /EL A S
D I M E N S I O N  E L N ( 7 )  ,E L E ( 7 ) , d X (7)  , ELNA (7)
REAL 1(2
00 10 K 1 ,6

10 ALNA (K) = EL.N (K)
E L N A ( 6 )  = ELNA (6) +EL, NA (1)’ (Z—TN)
LALL ELNELR (ELNA ,ELR)
CALL FLS ?AT(ELR ,RX )
CALL POS ION (T ,K S T A T , Y S T A X , ~h S T A T )
R2 (XSTAT—RX(1) ) **2+ (YSTA?~ tU(2I)**2+ (ZSTAT~ RX (3n**2
VASTR G S~IRT (R2) + BIAS
RETURN
END

SUBROUTINE FL~ ?AT (ELK ,X )
DOUBLE PLECISLO N ELH,X ,XMU ,iLE,102
COMMON/XNU/XflU,RE, XJ2
DiMENSION 1(7), EL.R(7), A(3 ,2) , ELRS (1)
X NUS XMU
DO S K=1 ,6

5 ELRS(K)=ELR(K)
SKi S i N ( E L R S  ( 3 ) )
CNI =CD S ( ELRS (3 ) )
5Ot1=SIN (ELRS (‘4 ) )
COM COS(ELRS(4))
XM AM OD(ELRS (b) ,6. 2d3 1tS5307 179)
ELC =E LR S (2)
E= SKEI~( E CC ,X N , 1.05— 6 )
SLNE SLN (E)
COSE COS (5)
STA=S~~I L ? ( 1 . 0 E J — E C C ” 2 )  *SINE/ (1 . 3E 3— E CC *C3 SE )
CTA (CUSE—ECC) 1(1. OEO—ECC*._ OSE)
L A A = A T A t L 2 ( S T A,CT A )
Tb1S TAA+ ELR S (5)
CBA C35(TBB)
SdA= SL$1 (TLLB)
A (1 ,1) +CON*CJA—SOfl*CNI’SJA
A (2 , 1) , S O N *C D A + C O M *CN L *s JA
A ( 3 ,1 )= + SN I * S B A
A (1 ,2)~~~ LOM*5iiA-SON*CNI*CthA
A (2,2) _SJM*SiSA+CJ fl*CNL*LBA
A (3 ,2) =+S$L *CB A
P E L R S ( 1) * ( 1 . 3 Z O — E C C * * 2)
1 ( . P/(1.OEO+ECC*CTA )
V E E CC*S?A*S~ RT(XMUS/P)VT= S Q R T ( X M U S *( 2 . 0 E O / R _ 1 .J . 3 / i ~.L R S ( 1 ) ) ~~V R *V R )

H 00 10 K2 1 ,3
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K (K) L1*A (t( , l)
10 X L K +3) VR*A(K ,1)+VT*A (K ,2)

RET URN
E N D

S U B R O U T I N E  D E R I V  (EL N ,TIMc. ,CN , A ,N i L , N C )
IMPLICIT DOUBLE PRECISION (A—ii ,O— B)
COMM ON / K O U N T / K O U N T  (7)
D I M E N S I O N  E L U ( 1 ) .r I M E ( 1 ) , A ( 1 ) ,DK ( 1) . X P D X ( 7 ) , X N D K ( 7 )
DAT A D X / 1 . 0 D — ~~, 1. O D — 4 , 1 .0D — ie , 1. 00— ’4 , 1.0D—4 ,1 .0 D — 4 , 1.OD0/
DX(1) ELN (1) *1.DD— 4
K U 0
DO 20 K C 1 , NC
IF  ( K O U N T ( K C ) . E ~~.3) ~j U Tu 20
KU KU+1
DO 10 K R 1 ,NS
IF  ( K C . E - ~ .7) ~J TO 5
T TINE (K R)
CALL r u A r E a ( E L N ,XP Dx ,N c , 1)
CALL T R A F E E ( E L t J , XM DX ,N C ,1)
X P D A ( K C )  = X P D X ( i c~~) + DX (KC) /2 .000
X L 4 D X ( K C ) X M D X ( K C ) — D X  (KC) / 2 .  000

5 K 1 = K H +  ( K U - - i )  ‘UR
if (KC.L. E .b)  A ( K 1 ) ( F A S T R G ( X ~~DX ,E ,T N ) — F A S T R G ( X M D X ,T,T K ) )

* (DX (XC)
10 11 ( K C . E Q . 7 )  A ( K 1) = 1 . 0 0 0
20 CONTINUE

R E T U R N
E N D

SUBROUTINE REDU (KA ,KB ,K , K~) , t(~~,KF ,KG ,NC ,N U N B B R )
iMPLICIT DOUBL E PR ECISION (A—H ,O— Z)
LOMNON/KOUK T/~(3UNT (7)
K O U t I T ( 1 )  KA
KOU NT (2) =K B
KOUNT(3) =KC
K O U N T ( 4 )  KD
KOUNT (5) KE
K OUNT (6) KF
K OUNT(7) KG
NUMBER=0
LeO 10 K 1 , NC
IF ( K O U N ? ( K ) . M E . O) N U N B E ~~~t *U5~b E N + 1

10 CONTINUE
RETURN
END

S U B R O U T I N E  E R A S E ( D X ,DE ,N C )
IMPLiCIT DOUBL E PR ECISION (A—H ,3—h)
COMMON/K OUNT/KOUN? (7)

• D I M E N S I O N  01(7)  ,D2 (7)
K U O

• DO 10 K~~~1,NC
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DE(KC) =3
LI ( K O U N T ( K C ) . E c J . 3 )  GO TO 10
K U KU + 1
DE (1(C) D 1 (KU)

10 CONTINUE
RETURN
END

DOUBLE P RE CISI ON F U N C T I O N  M A N G E ( E L N ,T,T$)
IMPLICIT DOUBL E PR ECISION (A—H ,)—h)
COMMON/BIAS/BIAS
DIMENSIO N ELN (7) .51.5 ( 7 ) , EL D ( 1 )  ,R X ( 7 )
CALL E L N E L R ( E L N , EL R)
CALL R A D D E G ( E L R , EL D)
CALL POSION(T,LSTAT,YSTAT,hSTAT)
CALL ob~~zT ( ELo ,ax .T,T N )
52 (XSTA T—R1 (1)) *52+ (YSTAT—dI (4) ‘*2+ (ZSPAT—SX (3)) ‘*2
RAN GE DSQRT (52) ‘BI AS
RETURN
E N D

S U B R O U T I N E  O R D E R  (!,?I f lE ,K N A X , 1~MA X )
IMPLICIT DOUBL E PR ECISIOR (A—d ,O—Z )

100 F O R M A T  (/ , 24k1 E A N J E  DA TA OUT Ok O R D E R )
101 F OR MAT (/ , 20k1 R A N G E  DATA iN 3R u E R )

DIMENSION 1(1) ,TINE (1)
00 10 K=2,KMAX
T M A X T L M E ( K )
TMIN=TIME (K—i )
I! (TMAX .LT.?MIN) GO TO 20

10 CONTINUE
TYPE 101
RET URN

20 T Y L ’S 103
T M A X T I M E ( 1)
DO 40 K=1 ,KMAX
IF (K.GE .KMAX ) SO TO 50
05 K+ 1
DO 30 J=JS,KMAX
iKTINE (K)
TJ TLME(J)
IF (TK .LE . TJ) GO TO 30
Y t (1 (K)
YJ Y(J)
T1ME(K)=TJ
T L N E ( J ) = T K
Y ( K ) = Y J
Y (J)=YK

30 C O N T I N U E
‘40 CONTINUE
50 ? t I A I Z T L N E ( K N A i ( )

RETURN
END
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S U B R O U T I N E  o u r ( A ,N a , N c)
IMPLICIT DOUBLE PR E CL SIOR ( A — B ,J— Z )

100 FO RMAT (1X ,12 (1PE1 O.2))
101 FORMAT (lB )

DIMENSION A(l ),B ( 12 )
TYPE 101
00 10 KR= 1 ,NR
00 5 K C 1 ,NC
K 1= Kk+ ( [ (C— i )  ‘NB

5 B (KC)=A (K1)
10 T Y P E  100 , ( B ( K )  ,K 1  ,NC)

R E T U R N
EN D

SUBR OUTiNE TRAk’EE (A ,B,NB,MC)
IMPLIcIT DOU8L~ PRECISION (A—B ,)—h )
DIME NSiON A (1),B (1)
DO 10 K C = l ,NC
00 10 1ca=1 ,NR
K 1 = K R + ( K C _ 1) *N R

10 B ( K 1 ) = A ( K 1 )
RE - TURN
E N D

SUi~&OUTLNr~ TENPSE (A,B,NR ,~~.)
IMPLI~~LT DOUBL E PRECIS1O~ (A—H ,:1—Z)
DIMEN SION A(1) ,B ( 1 )
DO 10 K C 1 ,NC
00 10 K R = 1 ,NR
K 1 K ~ + (K C — i )  ‘NE
K2=KC+ (KR—1)*N~

10 B ( K 2 ) = A ( K 1 )
RETU RN
END

SUBROUTINE AD O (A,~~,C,NR ,tE. )
IMPLICIT DOUBLE PRECISION (A— fl ,3—Z )
DIMENSION A(i),B(1),C(1)
DO 10 K C 1 ,N C
DO 10 KE~~1,N5
K i = K R +  ( [ (C—i)  ‘HR

10 C(K 1) A(K1)+B (K1)
RETURN
END

S U B R O U T i N E  S U B ( A ,13 ,C,N R ,N4
IMP LICIT DOUBL E PR ECISION (A— i[,J—Z )
D I M E N S I ON  A ( l ) ,E ( 1 ) , C( 1)
DO 10 K~~~1.NC
DO 10 K9z1,Nd
K 1 KR+ (1 ( C— 1) ‘N d

10 C ( K 1)~~k ( K 1 ) — B ( K 1 )

113

_ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



R ETURN
END

SUBROUTINE MUL? (A,B,C,N R ,NS ,N~..)
IMPLiCI T  DOUBL E PR ECISION ( A — U ,)— Z)
D I M E N S I O N  A ( 1 )  ,B ( 1) , C ( 1 )
DO 10 K C 1 ,NC
DO 10 K 5 1 ,N R
K1 KR+ ([(C—i) ‘NE
C(K1) 0.ODO
DO 10 K S 1 ,NS
K2 15+ ([(S—i) *N A
1(3 [(5+ ([(C—i) *t4S

10 C (K 1)=C (K1).A(K2)’B (K3)
RET UN 14
E N D

SUBROUTINE LVERSE(BSAV E.D,NX)
IMPLIC iT DOUBLE PR ECISION (A—H ,O—~)
DIMENSION BSAVE(1) ,B (1)
CALL T R A F E R ( B ~i A V Z , B , NX ,N h )
SCALE O. ODO
DO 10 K 1 ,N X
K i ~~ 1+ ( K — i )  *NX

10 SCALE SC AL E+ D UJ&i  (U ( [ ( 1 ))
SCALE= L)EXP (SCALE /NI)
142 N X *N X
DO 20 K = 1 , N2

20 B (K) B (K )/ SCAL . E
CALL J V r ~R5E (B , N I )
DO 30 K= 1 ,N2

30 8 (K) b ( K ) /SCAL E
RETURN
END

SUBROUTINE JVERSE (A,NX)
IMPLiCIT DOUBL E PR ECISION (A—d ,O—~~)
DIMENSION A(l p ,L(100),N (1JO)
D 1.O DO

N N N

DO 80 K = i , N

L (K)~~K
N (K) K

BIt i AZA ( [(K)
DO 20 0 K ,N
IZ S N* ( J _ i)
DO 20 I = K ,N
I JZIZ+ I
IF  (DABS ( B I GA I .GT . DA BS ( A ( I J ) ) )  sO TO 20
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B I G A A ( IJ)
1. (K) 1
N (K) =0

20 CONTINUE
J L  (K)
11(0—K) 35,35, 25

25 K I=K —N
DO 30 I 1 ,N
K L K I +N
B OLD —A (1(1)
J l = K I — K + J
A (K I ) = A ( J 1 )

30 A (JI) kfO L D
35 1 N ( K )

11( 1—K ) ‘45 ,’45, 38
38 J P = N *( I— 1 )

DO ‘40 J=i ,N
JK NK+J
JI=JP ,J
UOLD —A (JK)
A (0 K) =A (01)

‘40 A (JL) =HOLD
‘45 II’(BIGA) 148,’46,L$8
‘46 D 0.000

RE? URN
‘48 DO 55 I~~1,N

11(1—K) 50 ,55,50
50 IK NK+I

A ( I K ) = A ( I K ) / ( — B L G A )
55 CONTINUE

DO b5 1 1 ,N
L K = NK+ I
HOL D A (1K)
I J I —N
DO 65 J = l ,N
I J= I J $ N
11( 1—K ) 60 ,65,60

60 1 1 ( 0 — K )  62 , 65 , 62
62 KJ= I J— I + K

A (10) H OL U *A (K J)  +A (10)
65 C O N T I N U E

S. KJaI(~ N
DO 75 J 1 ,N
[(J a [(J +$
I F ( J — K )  70 ,75, 70

70 A (KJ) -=A( 1( J ) /BIGA
75 C O N TINUE

• D zD *BL O A
A ( k R ) ~~1.0D0/8IGA

80 CONT INUE
K z$ ~

100 [(z (K...1)
11(K) 150,150,105

_____________________ _____ 
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105 L L ( K )
11(1—K) 120 , 120 , 108

108 J Q- 14* (K—l)
JR N* ( 1— 1)
DO 110 J 1 ,N
J K J Q +J
HO LD A (O K)
JI=JR+J
A (O K) =—A (01)

110 A (J I ) H O LD
120 J=M (K)

11(0—K) 100 , 1)3 , 125
125 KI = K — N

DO 130 I 1 ,N V

KI =K 14 N
IIOLD= A ( [(I)
JI K I—K+J
A (11) =—A (JI)

130 A (JI) HOLD
GO TO 130

150 RETURN
END

SUBROUTINE SHADOW (T,I)
IMPLiCIT DOUBL E PR ECISION (A— 11,O—Z )
D I M E N S I O N  L(7),R ( 3 ,8),V ( J ,B),XM(b),KS(6)
D A T A  TOLDIO. D0/
CALL SUN (T ,XS)
STE P T— TOLD
CALL MO O N (T , X~t)
TOLD T
DO 1 1=1 ,3
R (1,1) =1 (1)
V (1,1) 1 ( 1+3)
B (1,2) 1 (1)—X~ (1)

1 B (I .3 ) 1  (i) — I S ( L )
CALL S N A D ( R ,V,T ,STEP)
RETURN
END

DOUBLE P RE CISI ON F U N C T I O N  A DJ T (X , Y)
IMPLICIT DOUBLE PR ECISION (A—H ,O—h)
D I M E N S I O N  1(3) , Y( 3 )
A = F N O R N ( X )
B F N O R N ( Y )
A N G Z D O T ( X , T) /A/U
A D O T Z A R K T $ S ( 1 9 0 , A M G , D S c 1 R T ( 1 . 3 D 0 _ A I 4 G * A N G ) ) *57 .295779D0
RETURN
END

DOUB LE P RE CISION FUNCT ION DOT (1,1)
IMPLICIT DOUBLE PR ECISION (A— B ,O—~~)
D i M E N S I O N  1(3) ,Y (3)
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D OT = 1(1)’! (1) + 1(2)’! (4~ + 1(3)’! (3)
Ri.TUEN
E N D

DOUBLE PRECISION FUNCTION f~ JR11(Xj
ItI k~LIh.1? DOU B L E PB E C L S I O N ( h — t l , O— 1)
DIMENSION K ( 3 ~
F N O B L I = D S Q R ?  (1(1) “ 2+ 1 (2) ‘*2+ 1 (3) ‘*2)

3 R E T U R N
E N D

S U B R O U T I N E  I T t U T E ( S T E P ,TLtI E ,R 1 ,V i ,k ,K ,KK ,DT ,R , V~
IMPLICIT DOUBLE PR ECLSLON(A—t1,O—Z)
DiMENSION 11(3) ,R1 (3,B).I~(i,d) ,V1 (3,d) ,V(3,U) ,R 3 (3),VVV(3 ) , 8(20)
DIMENSION 15(6) ,XM (6)
COMMON/ZNU/XMU ,RE, 102
COU NT=0. DO
C = K NO
CN = 3416. DO
ZR S=6 . 965D5
XK = 1
10. DO
DT=0 ,D0
T 0.D0
LK = 1
TOLD 0.DO
101. D 3 • (JO
?OLDD=O. DO
eOLDD=O. DO
N £4 = 1
IF ( K K . E Q . 2 )  X K —i
DO 2000 1=1 ,8
DO 2000 J=1 ,3
14 (J , L) =d l (0 ,1)

2000 V (0 ,1) V 1 (0,1)
GO TO (1 ,2)- ,K

1 D O 3 1=1 ,3
3 1 1(I)=k (I,1)— R (I ,3)

SEVA= ADO? (Xi ,R (i, 1))
R F S = F N U E N  (9 (1 , 3) )
M F E  F N O E M ( R ( 1 , l ) )
DEL S DA I I S I N ( 6 5 0 0 . D0 /RFE ) *37 .29577 95D 0
Z R E o503 . DO
GO TO ‘4

2 Do 5 1=1 ,3
5 I1(L)= 9(1,2)—d (I,3)

SEV Az AUO 1 (X1 ,a( i ,2))
RFS Z F N O R I 1 ( R ( 1 ,3 ) )
RIE F$O M N ( k ( 1 ,2 ) )
DELSZDAM SLN (3t476.DO/RFE) *37.29517951)0
ZREz3~e76.DO
GO TO I4

14 CONTINUE
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ZRE DSIGN (ZEE , 1K)
SI G = D A R SI N  ( ( Z E S + Z R E )  IR IS) *57. 29 5779 5D 0
F SEYA +DELS+XK*SIG_1 80.DO
L I  (DABS (F).L5.O.3005D0) RrTURN
IF (COUNT.GT.100.AJO) GO TO 11
GO TO (6,7),LK

6 L K 2
N N 1
0T —STEP
GO TO 8

7 11 (F O LD *F . G T . 3 . D O ) GO TO ~ 1
9 DT= (TOLD ‘F—T *F3LD) / ( 1—FO LD )
8 F OLDD= VOL D
TOLDD=TOLD
101. D F
TOLD= T
T=DT
CALL 10(11 (1 ,1) ,V 1 (1,1), Dr ,R~ ,VVV ,N N )
N N = 2
T N E W TLN E+T
CALL S U N  ( T N E W ,X S)
CALL &IOON (TNEW ,K N )
00 10 1=1 ,3
B (1 ,1) = R R ( t )
V (I ,i ) = V V V (i)
R (i,2)=RR(I)—XM (1)
V (1,2) =VVV (I) —KM (1+3)
14 (I,3 )141(I)—X S (I)

10 V (1,3) = V V V  ( 1 ) — K S  (1 +3)
COUNT C OU N T *l .  DO
GO TO (1,2),K

11 TYPE 12
12 F O R N A T ( 1H 0 ,22l1~1 AX ITER ATIONS IN ITE R)

RET URN
21 FOLD=FOLDI)

TOLD TOLDD
00 T0 9 

V

E N D

SUBROUTINE SBAD (Rl ,Vi ,X, S T E I ’)
IMPLICIT DOUBL E PR ECISION (A—U ,U—~ )
DIMENSION 1 4( 3,d ) , V ( 3 ,8) , R 1 ( J,b ) , V 1 ( 3 ,8) , X 1 (3 )
DAT A L P Y L A G/ i / ,I U FL A G/ l/ ,  LMVL.A~à/i/, INUPLG /1/, FLAG /3./,FLA~~i /O./,

1 YLAG2/0. 1, FLAG3/O. /
DATA iVFLAG /1/,LVUFL~ /l/,PF~ A~à/)./,I~UFLA ./O./
1! (STEP.E~ .0.DO)kETUBNIll I.ONTINUE
DO 44 1=1 ,3

44 Xi (I)~~t1 (1,1)— al (1 ,3)
SEV AZA DOT(I1 ,R1( 1 ,1))
R VS F N O R N ( R 1  (1 ,3 ) )
R P E = F N O a M ( R 1 ( 1 , 1) )
DEL S=D AM SI N (6500.00/9 114) *i7.2 S57 795D0
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IF (SEVA— 90.D0) 300, 300,3J1
301 ~RS=b .9b5D5

LRE 6SOO . DO

~ P SIG = DA h ~~1N ( ( Z R S ’ Zk E) /R ) * 7 . ~~~37195D0
F~i=SEVA+ Dr.LS+~ PS 10—i 80. DO
IF (PS) 300,302,302

302 ILA G 1.DO
11 (LPFL A G . N E . 1 )  ~ O TO 1000
K 1
[1= 1
I P1LAG~ 2
KK 1
T Y P E  S

5 FORMAT (/,1K,’iATEL LITE EHC~~t1Eh) EAR FB PENUMBRA’)
GO TO 23

1000 C O N T I N U E
~ S1GMA D A E S I N  ( (ZRS—ZaR) /dFS) *~~7. 2 95 7 19500
1-S=IELS-ZSIGNA+3 EV A— -i ao .  £13

IF (PS) 303, 304,304
304 FLA G1=1.DO

IF  ( I U F L A G . N E . 1) 30 TO 310
K 1
1 UFLAG 2
1 4 2  V

KK=2
T Y P E  7

7 FORMAT (1 1,’SAEELLLTE ENT~~~r~D ~ABT B UMBRA’)
GO TO 20

300 k’LAG O.DO
303 FLAG1=0. D0
310 00 30 1=1 , 3

30 K 1 ( I ) R1 (1 ,2 ) — R i  (1 ,3)
SE VA~ A0) ? ( X 1 ,i~1( 1, 2) 1
IF (SEVA—90.D.)) 2)00,2000,9)1

901 ZRS=b.965o5
ZRE=3476. DO
ZPSIG DABSIN ((ZRS+ ZRE) /RF~) *57.295779500
D = D A R S I N ( 3 !4 7 6 . D O/ I N O R I I ( R 1 ( 1 ,2 ) ) ) *5 7 . , 2 9 5 7 7 9 5D 0
1S=SEVA+DELN+hPSI~ —16O. DO
1k’ (fr’ S) 2000 ,902 ,902

902 PLAG2 1.DO
IF (LNFLA G.NE.1) GO TO 3033
K =2
I MF LA G=2

V N=3
[([(=1
TYPE 8

8 FORMAT (/,1X ,’SATEL LITE EN?E~tEU MOON PENUMURA ’)
GO TO 2O -:

3000 CONTINUE
Z S I G M A = D A K S L N ( ( Z L 4 S — Z B E ) / t t V S ) * 5 7 . 2 9 5 7 7 9 5 D 0
FS=DELM—ZSIGMA+SEV A—180.DO
LI  ( 15)2001.9344 , 90 14
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904 FLAGJ I.DO
11 (IMUFLG.NE. 1) GO TO 2010
[ (=2
I M U F L G 2

K K 2
TYPE 9

9 F O R N A T ( 1 X , ’S A T E L L I TE EN T~.dbD MO ON U M B R A ’ )
GO TO 20

2000 PLA G2=0.DO
2001 1LA 03 0.DO
2010 C O N T I N U E

1k’ (II~F L A G . N E . 2 . O R .F L A G . N E . O . D 0 )  ~ 0 TO 11
TYP E 12

12 V OEMA T(1 X ,’SATELLITE LEFT ~.ARTH PENUMBRA ’)
K 1
N = 5
KK= 1
IPFLAG 1
GO TO 23

11 11 ( 1U F L A G . N E . 2 . O R . F L A G 1 . M E . I . D 3 ) &~~ i TO ill
TYPE 13

13 I O R M A ? (1K , ’S At E L LIT~ LEFT L A R T H  U M B R A ’ )
K K 2

[(=1
LU ?  LAG = 1
GO TO 23

144 II (1MFLA ~ .NE .2.OR.?LA ~~2. .Lu)) ( J  TO 15
T Y P E  16

16 vohz’IAT(lx ,’SATEL. LI ?E LR PA NOON A R1J U MBRA ’)
KK 1
[(=2
N 1
INFLA G 1
GO TO 23

15 11 (LNUF1.~.NE.2.O R.FLAG3 .ME.J.D3) ou To 505
T I E R  id

18 FofirlAr(1x ,’SATELLI rR LEFT M O O t .  UM B R A’)
K 2
N 8
KKz2
I N U F L (~~1

20 CALL I T k A T E ( S T E P ,X ,R l ,V 1 ,VS ,K , K~ ,)T , R , V)
T I n a x + D r
MJD IDINT (TIM/ES64430.ODO)+4405B1
TSEC= DNOD(rIM ,86400.ODO)
MHzTSEC/3600.3D3
NN D M O D ( T S E /63.000,60 .003)
SC LiMOD (TSEC,60. O D D )

o F O R N A ? (6 H N JD = , 16 ,leX , 12U h1/Lt1N/~ ECz.I2,1H/,12,1H/,?b.3,
TYPE 6,M JU ,MH,MM ,SC
GO To ( l000 ,310 ,30 00,2 01U , l l , 144 , l5, 505 ) , N 
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SOS CONTINUE
R E T U R N
E N D

UO U I3 Lr. £~R E C I S I O N  F U N C T I O N  DA~~SIN (1)
iMPLICIT DOUULE PR ECISIDN (A—11,O—h)
C D SQIIT (1. D 0— L *X )
DAR SIN=b A lAN ( I / C )
BET U R N
E N D

S U B R O U T I N E  10(1 , V . D? ,X T ,V E ,K)
1MPL1 1T DOUBLE PR ECISION(A—h ,O—Z )
D I M E N S I O N  1(3) ,V ( i ) , X T ( 3 ) , V~~(3)
1k (K. GT . 1 )  GO TO 1
U =398601. 500
R 2 1  (1) *1 ( 1) +1 (2) *1 (2) +1 (3) ‘A (3~
V2=V (1)*V (1)-I’Y (2)*V(2 ) i-V (3) *V (3~
R D S ~ k T ( R 2 )
Li 3= R2*~UO IJ/R3
PO (X(1)*V(1)~~X(2)*V (2)+X(3)*V (3))/u2
s.~O (V2—R2*LJO)/92
F2=—U O/2. oO
F 3 U 0* P0/2.00
F4 = (3.D O *U O P 0 O — 1 5 .  D0*UO * t~J*~~J iU J *U J ) /2 L4 . D O
02=—U 0/ 6 . DO
G3 U0*P3

1 C O N T I N U E
DT2 DT *DT
DT3 DT2’ DT
00 2 1 1 ,3
KT(I) (1.DD+12*0T2+F3*0T3)*A(L)+ (0T402*DT3)*Y (I)

2 VT (I) = (2.D0*?2’UT+ 3. D0*F3’DT2+’4. D0*FL4*DT3) ‘K (I)
1+ ( 1 . D3 + 3 . D O *0 2 *D T 2 +G3 *D T3) *V ( I)

R E T URN
E N D

121

~ 
_________________________________________________

~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~ 
-
~~‘-~~~~ ~~‘



V V ~~~~-VVV V

REFERENCES

L 

i . Bryson, A. E. and Ho, Y. C. , Applied Optima l Control , Blaisdell
Publishing Company , Wal tham, Massachusetts , 1969.

2 . W i lley, 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, Appl ied Physics Laboratory , Silver Spring, MD 20910,
January 1974.

3. Kaufman, B., TRIP (TRajec tory Integration Program) , NRL Report
No. 7436, July 18, 1972.

Ul GOVE$NM€N 1 ,rn.rn~ ocps~ i,,, zoi.no,*os I. 122

_ _ _ _ _ _ _  
- - V — -

~~~~


