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1. INTRODUCTION

This routine computes inertial, geocentric, and geodetic position data,
velocity data, and geomagnetic and real field data for a given satellite.
The data is computed at specified intervals from a given start time to a

given end time and is written on one or more of the four BCD and binary tapes.

Output always includes a BCD Master Orbit Tape (TI), and may optionally
include a BCD Refined World Map Tape (TD), and an Orbital Tape Format-3A or a
Satellite Position and Real Field Data Tape (TCB).

The interval at which Master Orbit Tape and Orbital Tape Format-3A output

is computed may be varied with respect to the distance between the satellite

and the center of the earth.
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II. PROGRAM DESCRIPTION
A. PURPOSE

This routine computes the following quantities for the Master Orbit Tape,
Orbital Tape Format-3A, and the Refined World Mar output at time t:

r = xi + yj + zk, the inertial sztellite pu=:. .n vector
v = Xi + yj + 2k, the inertial satellite vesucity vector
s = 1inertial soler position vector

A = longitude of the sub-satellite point

u' = geocentric latitude of the sub-satellite roint

v = geodetic latiitude of the sub-satellite point

h = height of the satellite above the sub-satellite point
r = radial distance of the satellit. from the center of the earth
o = 1inertial right ascension of the satellite position

v = magni tude of the satellite velccity

av = right ascension of the satellite velocity vector

6v = declination of the satellite velocity vector

¢G = geomagnetic latitude of the satellite position

R = geomagnetic position coordinate of the satellite

= magnetic shell radius
B = magnetic field strength

B/B = ratio of the magnetic field strength Satellite Real
to the 2quatorial field strength Field Coordinates

dm = right ascension of the magnetic vector

declination of the magnetic vector

Tho times of all special points which occur during each pass are also com-
puted for Refined World Map and Orbital Tape Format-32 output. Special points
include ascending and descending nodes, north and south points, and sunlight

entrances and exits.

E-23



B. CALCULATION PROCEDURE

1f t is equal to a time on the input Orbital Tape Format-1, r and v at t
are obtained directly from the tape. If t is not equal to a time on the tape
but is within the time periocd covered by the tape, r and v at t are estab
lished by interpolation. Newton's Backward Diiference formula is used to
interpolate hetween six vectors from the tape, where t is between the times

of the third aud fourth vectors.

If t is equal to a time on the input Solar Ephemeris Tape, S at t is
obtained directly from the tape. If t is not equal to a time on the tape
but is within the time period covered by the tape, S at t is established by
interpolation. Everett's Interpolation formula is used to interpolate between
tour vectors from the tape, where t is between the times of the second and

third vectors.

The methods used to compute A, u', w, h, and r from the inertial satellite
position are given in the description of F 068, Sub-Satellite Point and
Height Function.

Satellite real field coordinates L, B, and B/Bo are computed by BILM, a
Fortran subroutine obtained from Dr. C. E. Mcllwain of the University of

California, San Diego. (See references,)

The m~thod used to compute dm and 5m from the magnetic vector is given
in the description of F 148, Real Field Right Ascension and Declination. The
method used to compute @G is given in the description of F 147, Geomagnetic
Latitude and Longitude.

@, vya , 8 , and R are computed as follows:
v’ v o
@ = tan y/x
v =|vl|
o = tan ! §/x
v y .
-1 zZ
= a
av tan .2 .2
X +y




cos 9.

where: év = the principal value of the arc tangent function: - 7/2 = 6v s /2
Times o1 Special Points are computed as follows:

An ascending node is detected when the sign of the Z-component of the
satellite position vector changes from - to +. A descending node is detected
whep the sign of z changes from + to -. The time of the node is found by
evaluating z at successively smaller interrals, with the time of each evalua-
tion depending on tho sign of the previous z. When the time at which the
sign change occurred has been restricted to a sufficiently small interval, the
last time at which z was evaluated is used as the time at which z = 0, i.e.,
the time of the node. (The methods used are given in further detail in the
descriptions of F 149, Z Sign-Change Determination, and F 150, Interpolation

for Z-Zero Function,)

A North Point is detected when the sign of the first difference of the
geodetic latitude changes from + to -, A South Point is detected when the
sign changes from - to +. A second degree polynomial of latitude versus time
is obtained by a least squares fit using five sets of coordinates. The value
of time that causes the first derivative of this function to go to zero, 1is

the time of the North or South Point,

A sunlight entrance or exit i1s detected when the sunlight determination
differs for twc successive output times. The time of the entrance or exit
is found by making sunlight determinations at successively smaller intervals,
with the time of each determination depending on whether the satellite was in
sunlight or not at the time of the previcus determination. (Refer to F 153,
Sunlight Entrance/Exit Determination Function.)

The method used to determine whether the satellite is in sunlight at a
given time is given in the cescription of F 061, Sunlight Determination with
Oblate Earth.




C. FLOW CHARTS AND FUNCTIONAL DESCRIPTIONS

The following pages contain flow charts and functional descriptions of the
executive routine and associatad functions., Flow charts and corresponding
descriptions are grouped according to K numbeis (see master memory map), with

the executive routine presented first.

ENTRY
OR DECISION

LXIT

<:::) CONNECTOR OPZRAT 10N

F XXX
X OFF PAGE
CONNECTOR FUNCT | ON
N\~ (x is BEGIN POINT) YYYYY F XXX 'S LIBRARY
(Y 1S PAGE REFERENCE) FUNCT1ON NUMBER
YYYYY IS THE LOC=
ATION OF THE
FUNCT I ON
INPUT OUTPUT
P men R

‘ PRINT ON=LINE
READ READ PUNCH
1 cARD TA 1 cARD

Figure 2. Flow Chart Symbols
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OF LAST M.O.T,
DATA COMPUTED

I's SPRF 1apPc
BE!ING WRITTEN

16

Foa,
PROGRAM
FOR ORPITAL

TAPE FORM,T="

4,000

POSITION AND
vELOCITY
VECTORS

|

Sue =~ Sart.
POINT AND HEIGHT

1190

LonGITuDE,
LATITUDE,
AND (FIGHT

I's SPRF taPe
BEING WRITTENT

CONVERT GEOC.
LAT. TO DEGKEES,
AND GEOC, DIST,

10 KM

CaLL
BILM

2770

L ano B

Sev B = .9994%9)

{page 8 of 12)

S L o- gl

STORE, WRITE
LPRF T1APE
DATA RECORD

[ WMAP
BEING WRITTENT

STORE WMAP
QUTPUT INTERVAL
AND CURRENT
WMAP outpPuT
TIME

SIGN CHANGE
OETERMINAT [ ON
FOR Z

ves 47 YES
=9 *f Has sign oF |+ 10O -
Z CHANGED?
—
ASC. NO  , DESC
( NODE ) \ NODE
17 053 13

P U W




EXECUTIVE ROUTINE

(page 9 of 12)
(K = 0000)

ENT. OR EXIT BELONGS

@ . IN THIS PASS

ConvEnT TiME OF SET SVITCH TO GO TO scr 829
END OF PASS TC B6S5 WHEN FINISHED - B655
Y
SECINDS AND ENTRANCE/EXIT DATA .
ROUNU TO ONL /
DECIMAL PLACE
Is THIS AN
-
ENTRANCE?D
|9
STORE TIME OF ASCENDING
NODE AND CORREPONDING
POSITION AND VFLOCITY
VECTORS
DATA FOR STORE SECONDS
HAs A 3uN €xIT 18T ENTRANCE oF 15T WMAP
SET SWITCH TO GO OCCURRED? SUN ENTRANCE
70 B19 wHeEN
FINISHED ASCENDING
NODL DATA J —
CoMPuTE
SUNLIGHT DATA FOR STORE SECONDS
DETERMINGTION 2ND ENTRANCE oOF 2NG WMAP
SUN ENTRANCE aE
SUN CNTRANCE
OR EXIT
DETERMINATION
Has & 2wnD DA1A FOR STORE SECONDS
ENTRANCE st ex:Y ed OF 15T WMAP =
oCcuRrco? SUN EXi
‘ YES
WAS LNTRANCE romam ey
Or €17 maoe? CompuTe DATA STORE SECONDS ‘ =
T FOR 2ND E€XIT oF 2ND WMAP = 29
657 SUN EXIT o 1o B65S \1\0/
\10/ or B19 -
Dio taTRANCE
OR €XIT PREICEVLE

ASCENDING NODE?

NO

ST SWITCH 1O GO
To B6S wnem
FINISHLO ASC. wOOC 6
DATA TO PUT [NT. OR
CXIT 1IN NEXT PASS.

17




EXECUTIVE ROUTINE (page 10 of 12)
(K = 0000)

SIGN CHANRE
wAS + 10 =~

JET TIME OF
A.C. NODE AND
PO, & VEL.
VECTORS AT

THIS f18E

CompPuTE
DE5SC. NODE
DATA

130

SET LATITUDE
AT TIME OF
DESCENDING

NODE = O

OMPUTE
DATA FOR
NORTH POINT

OMPUTE
CATA FOR
SOUTH POINT

CompPuTE
PERCENT OF
PASS IN SUN

() J

34

Ser B29
= 815 Set

LAT.=1 = caT. 1

TIME OF LAT.=-1 =
TiME OF LAT. 1

PRINT REM.
DATA FOR
THIS PASS

SUNLIGHT
DETERMINAT{CN

EpiT AND
sTORE TYPE 1
CATA

PRENT END~
OF=PASS DATA

1335
SUN ENT
OR EXIT
DET. Is THIsS NO
PRINT FIRST DATA
ASC. NODE POINT?
MONITOR LINE? YES
Y
YES PRINT HEADERS
AND DATA
WAS ENT.
DATE
o Ex1T
OR £XIT HR Ml LONG. DEG
Pass NO. MADE ? LAT. DEG H. KM
FOR NEXT
MON | TOR 25 25 YRMODA HR Ml
PRINT 9 9 S5.SS PASS
LONG. DLG LAT. DEG
H. KM
\ SET
Z-1 = 21
PRINT SUN =% & sun 1
ASCENDING
NODE & pata
RIGHT HALF
OF PAGE FuLL?
49
. Yy YES
12 STORE
3 $.0.-1 |
sec.-1
LAt -1 PRINT PAGE
‘ 1300
NP or SP
CROSSING ‘
oeT
SET COUNT oOF
FULL PAGES
PRINTED + 1 e 21
set Bly = BI13 1

ser B2l = BOOI NV




WAS LAST

M.0.T. FutLL
PAGET

COMPUTE NUMBER
OF BLANK LINES
10 GO0 on M.O.T.

WRITE
m

FiLL REMAINDER
of M.O.T. pPaGE
W1TH BLANK
LINES

L
WRITE
Tl

END

ORB3 TaPg
NOJBE ING WRITTEN

?
YES
)

WrRi1TE ORB3
ENL RECORDS

|s WAP
BE I NG
WRITTEN?

Is 1T FINISHED?

NO

ALL DATA HAS
BEEN WRITTEN
ON ORBIT TAPE

SET INDICATOR
THAT ORBIT
TAPE 1S FINISHED

|

@

GO TO BI3
or B691

EXECUTIVE ROUTINE
(K = 0000)

REDUCED
J.D.S. 10 C.U.T.

I's 3PRF
TAPE BEING

\ wRITTEN?

YES

WriTE EOF
oN SPKRF
& REWIND

I's WMAP

NO

PRINT REMAVNING
TYPe 1 DaTA

PRINT REMAINING
TYPE 2 CATA

YES

\

PAss NO. FOR
NEXT MONITOR
PRINT

!

PRENT

ASCEND ING
NCDE & pata

L.—f”f'—_—d

WRITE
O

THE END

EING WRITTEN?

CHANGE TIME OF
END=OF =PASS
TO SECONDS,

AND ROUND OFF

TiMe (% oF
ORBIT) IN SUNLIGHT

MOT FINISHED? JLES

NO

SET INDICATOR
THAT WMAP
ano/oRr SPRF
TAPE FINISHED

690

N

(page 11 of 12)

—0

PRINT
THE END

ANOTHER PROGRAM
TG FoLLow?




EXECUTIVE ROUTINE
(K = 0000)

FROM INIT,

PROG. P OR
PROG. P foOR
ORB1,

PRINT

TAPE CHECK ON
BINARY ORB1 TAPE
ON TE (NORMALLY B-3)

FROM SUN
TAPE READ

PRINT
TAPE CHECK ON BCD

SOLAR PERTURBAT IONS
TAPE ON TF (NOR-

0)

PRINT

(page 12 of 12)

35

START TIME OF RN
IS TOO EARLY FOR
ORB1 TAPE ON TE
(NORMALLY B-3)

REW!IND
TEB

MALLY B-U)

Ne—1__
)

PRINT

FIRST WORD OF TITLE
RECORS ON TE (NOR-
MALLY B-3) i5
NOT ORB1

RewIND
TEB

ELIMINATE
UNDERFLOW
OR OVERFLOW
AND CONTINUE

PRINT

END TIME OF RUN
IS TOO LATE FOR
ORB1 TAPE ON TE
(NORMALLY B-3)

RewiI ND
TEB

PRINT

NO. R.A,M.S. DATE
IN TABLE FOR

J.D. = xxxx

NG

o
PRINT

REF. DATE ON ORB1

TAPE ON TE DOES

1OT EQUAL DATE

uN SAT, ID CARD
ERROR
EXIT

3

ot o

.
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F 149 SIGN CHANGE DETERMINATION FOR Z

PURPOSE :

node crossing has occurred, and if it has, computes the time of the

(K = 1035)

This function determines whether an ascending or descending

node and the position and velocity vectors for the satellite at this

time. 1f:
Z1= 4, 2 -1
Z1=-, Z -1

B T N

Lt e TR e N 7

Ascending Node crossing. Enter F150,

Interpolation for Z-Zero Function to
compute time of node and corresponding

position and velocity vectors

1l
+

Descending Node crossing. Enter F1LO,
Interpolation for Z-Zero Function to
compute time of node and corresponding

position and velocity vectors

II. MELIORY REQUIREMENTS: 21 locations

i3 III. USAGE: This function is entered with the command - F (X, Y, Z)

% where:

L

i X = Sign change indicator: (output)

P 1 = sign change - to +

i -1 = sign change + to -

é 0 = no change

; Y = origin of this function

% Z =2 -1, the Z-component of che satellite position vector at

? the previous output time (input)

% Z2+1= za, the Z~-component of the satellite position vecior at the

% current output time (input)
Q 900901 J.D. of Z; I
Q 90002 Sec. of Z I
Q 90003 Interpola%’ion for Z-Zero F

N Q 90004 Reduced J.D. - Sec. to C.U.T. F
Q 90005 J.D. Time of Z-Zero 0
Q 90006 Sec, If Z-Zero =z.1 0
Q 90007 T (C.U.T.) 0
Q 90008 Pos. and Vel. Vectors at Z-Zero 0
Q 90010 Orbit Generator Function F

21
- . . i3




F 150 - INTERPOLATION FOR Z-ZERO
(K = 1065)

I. PURPOSE: This function determines the time of an ascending or descend-
ing node and the corresponding position and velocity vectors. It is
entered with Z = 1 for an ascending node, and Z = 0 for a descending
node. Output consists of J.D., seconds, and the position and velocity

vectors for Z - zero., All output is Q'd.

II. MEMORY REQUIREMENTS: 27 locations

III. USAGE: This function is entered with the command - F (X, Y, Z)

where:
X = not used
Y = origin of this function
Z = sign change indicator (0 if sign change was + to -; +1 if

sign change was - to +)

Q 90001 Delta T in seconds I
Q 90002 J.D. Time of Z I
Q 90003 Sec. following sign change I
Q 90004 Reduced J.D.-sec. to C.U.T. F
Q 90005 Orbit generator F
Q 90006 J.D. Tiae of 0
Q 90007 Sec. Z~zero 0
Q 90008 T(CUT) Time of Z-zero 0
Q 90009 Pos. + vel. vectors at time of Z-zero 0
Q 90010 Z-component of pos. vector 0
Q 90011 Tol. for significant time change (sec) I

22
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F 150 - INTERPOLATION FOR Z-ZERO

ENTRY

STORE AT
AND TIME
ofF I

)

GET SIGN
CHANGE 1NDICATOR
(O IF cHANGE + TO =}
1 IF CHANGE = TO +)

TYP:_::_\\:TO +

SIGN CHANGE? /

+ 10 -

SET VARIABLE

CONNECTORS
8% = BY
88 = 89

9

(K = 1065)
Q
AT = ATf2
SCC = SEC + AT
5

SET VARIABLE
CONNE CTORS

86 = B9

83 = 87

AT = AT/2
SEC = SEC = AT

REDUCED
JDS 10 CUT
1000

OReIT
GENERATOR

ComPuTE
POS. AND VEL.
VECTORS

WILL ANY FURTHER
TIME CHANGE
BE USEFUL?

Is Z COMPONENT
OF POS. VECTOR
= 07

Go To
B7 or B9

23




1I.

F 061 - SUNLIGHT DETERMINATION

(K = 1100)

PURPOSE: This function determines whether a satellite is in sunlight

or in darkness (due to the earth's shadow) at a given time. An option

is available to consider the effects of an oblate earth in making this

determination.

Given:

r = the position vector of the satellite in the inertial

coordinate system, measured in CUL, and having components

X, y, and z.

T = the longitude of the sun on reference date, in radians

T = the motion of tau, in radians per CUT

t-to = the time in CUT, measured from reference date, at which

the sunlight determination is to be made

in the inertial coordinate system.

U, and 2? = orthogonal unit vectors in the eclipti~ pline, expressed

U, is airected to the

vernal equinox and Uz is perpendicular to g@ in the

direction of positive T (=1, 0, 0; U3 = O, cos €, sin

where €

= obliquity of ecliptic)

f = the flattening coefficient of the ellipsoia of reference

Compute:

r* = the unit satellite position vector

T

T+'f'(t - to)

U=V cos T+ Us sin T, having coordinates u, v, w

If|r xH[< Ty, where Ty, =1 ~- £ (2 + W\|r3-1)3, or a constant, and if

Ik H_< T3, then the satellite is in darkness.

sunlight.

MEMORY REQUIREMENTS:

20 locations

24

Otherwise, it is in

<

| Ay




F 061 - SUNLIGHT DETERMINATION (continued)
(K = 1100)

III. USAGE: This function is entered with the command - F (X, Y, Z)

where:
X = output flag (if X = 0, satellite is in darkness at
input time
if X = 1, satellite is in sunlight at
input time)

Y = origin of this function

Z = input time (CUT)
Z+l = r

-—X

Z+2 = fy Input satellite position vector
Z+3=£‘Z
Q 90001 T2’ Tolerance for zf.g
Q 90002 Hl
Q 90003 22
Q 90004 Long. of Sun on Ref, Date (Tau)
Q 90005 Motion of Long. of Sun (Tau Dot)
Q 90006 T,, Tolerance for |r x U |
Q 90007 S}ne Function
Q 90008 Co=ine Function
Q 90009 vQ
Q 90010 Vector Move
Q 90011 Vector Magnitude
Q 90012 Vector Direction
Q 90013 Vector Add
Q 90014 Dot Product
Q 90015 Cross Product
Q 90016 Scalar Multiply
Q 90017 Square Roet Function
Q 90018 W coordinate of U
Q 90019 F, Flattening Coefficient

25
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F 061 - SUNLIGHT DETERMINATION

(K = 1100)

CoMPuTE
A=N#-
B =2+ (W(a)

|s OBLATE
CORRECT I ON
10 BE MADET

CoMPUTE
=1.-f¢

I

SET SwiITCH
FOR NO
CORRECT I1ON
(g1g = RR0)

1< 44GNITUDE
oF

(R x U) <t ?

Y

R R R
T2 Crore 1 =
CDMPUT[ SAT. IN LIGHT
R* e U INDEX ON X
Compute T =

T+ 1 (INPUT TIME)

CoMPUTE
stN T ano
cos T STORE ZERO = StoRe 1 =
SAT. IN DARK SAT. N LIGHT

INOEX ON X INDEX ON X

ComPUTE U =
N, cos T+ gy sIN T

CoMPUTE

{2xu)

CompPuTE
MAGN I TUDE
or(nxu)

Go 10 B19
or B20

26
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II.

III.

F 153 ~ SUNLIGHT ENTRANCE OR EXIT DETERMINATION
(K = 1125)

PURPOSE: This function determines whether a sunlight entrance or
exit has occurred, and if it has, computes the time of the entrance
or exit, and the position and velocity vectors for the satellite at

this time,

MEMORY REQUIREMENTS: 34 locations

USAGE: This function is entered with the command - F (X, Y, Z)

where:

X = exit indicator (output)
(-1 for exit; +1 for entrance; 0 for neither)

Y = origin of this function

Z = Sun indicator -1, the sun indicator at the previous output
time (input)

Z+1 = Sun indicator 1, the sun indicator at the current output

time (input)

Q 90001 J.D. Time of Sun

Q 90002 Sec. Indicator 1

Q 90003 Delta T (Sec.)

Q 90004 Reduced J.D. - Sec, to C,U.T.

Q 90005 Orbit Generator

Q 90006 Sunlight Det,

Q 90007 J.D.} Time of Sunlight Entrance or

Q 90008 Sec, Exit (If Any)

Q 90009 T (C.U.T.)

Q 90010 Pos. and Vel. Vectors at Ent. or Exit

Q 90011 Tol. for Significant Time Change (Sec.)

Q 90012 Round Factor for Sec. of Ent. or Exit

Q 90013 Seconds/Day

Q 90014 Sec. of Ent, or Exit (Rounded)

27
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II.

III.

TIME (PER CENT OF ORBIT) IN SUNLIGHT
(K = 1160)

PURPOSE: This function computes the amount of time a satellite is in

sunlight and for output expresses 1t as the percent of the pass during

which the satellite was in sunlight.

MEMORY REQUIREMENTS: 30 locations

USAGE: This function is entered with the command - F (X, Y, 2Z)

where:
X = percent of pass in sunlight (output)
Y = origin of this function

Z = start of pass in seconds

Z+1l = end of pass in secounds ‘
Z+2 = first sun entrance in seconds
t (input)
Z+3 = first sun exit in seconds
7+4 = second sun entrance in seconds
Z+5 = second sun exit in seconds
Q 292001 Sun Indicator 1
Q 90002 Value of Sec. of Ent. or Exit

which did not occur = =99999999

K:



F 068 - SUB SATELLITE POINT AND HEIGHT
(K = 1'90)

I. PURPOSE: This function computes the longitude (in degrees and radians),

geodetic latitude (degrees), geocentric latitude (radians), the height

above spheroid (kilometers), and the radial distance (CUL) for a

satellite at a given time, t.

r
Longitude = A = arc tan ;Z - ko - wet
—X

Geocentric
Latitude = p' = arc sin

r

Geodetic
Latitude =y =p' + §
Height above '
spheroid =1{1 - 8% R - R'
2 e
where: R =| r | = radial distance = P o+ +
- - -y =z
3 ' )
, _ € (siny'cosu’)
8" = 1-e° cosp
L'S!
_ e
S= R

23 .
Ré = B (H_e;_co_:__&_) + .375 (e*cos*u')

Note: B = polar radius of earth

e = eccentricity of earth
§' = oblateness correction
R; = effective radius of earth

we = rotation of earth

Ao = H.A. of first pt. of Aries on ref, date

1I. MEMORY REQUIREMENTS: 33 locations

29




F 068 - SUB SATELLITE POINT AND HEIGHT
(K = 1190)

I1I. USAGE: This function is entered with the command - F (X, Y, Z)

where:
X = longitude (degrees)
X+1 = geodetic latitude (degrees) (output)
X+2 = height above spheroid (kilometers)
Y = origin of this function

Z = input time (CUT)

Z+1l = Ex
Z4+2 = Ey Input Satellite Position Vector:
Z+3 =r
-7,
Q 90001 Apin radians
Q 90002 Square Root
Q 90003 Arc Tangent
Q 90004 Arc Sine
Q 90005 Cosine
Q 9000¢€ Sine
Q 90007 Angle Reduction
Q 90008 B_(Polar Radius of Earth in C.U.L.)
Q 10009 e~ (e = Eccentricity of Earth)
Q 90010 R (Radial Dist. in C.U.L.)
Q 90011 Geocentric Lat. (Rad.)
Q 90012 Longitude (Rad.)
Q 00007 Rotation of Earth in Radians/C.U.T.
Q 00013 Degrees/Radian
Q 00019 Kilometers/C.U.L.
Q 00029 Pi
Q 00030 2 Pi

30
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F 152 - NORTH POINT - SOUTH FOINT DETERMINATION
(K = 1225)

I. PURPOSE: This function tests the intervals between successive lati-
tudes to determine whether a North or South Point has ociurred. A
North Point is detected when the sign of the first di “ference of che
geod2.ic latitude changes from + to -. A South Point is detected when
tne sign change is from - to +. A second degree polynomial of latitude
versus time is ohtained by a least squares fit using five sets of co-
ordinatecs. The value of time that causes the first derivative of this

function to go to zero is the time of the North or South Point.

I1I. MEMORY REQUIREMENTS: &9 locations

II1. USAGE: This function is entered with the command ~ F (X, Y, 2)

where;:
X = North Point/South Point indicator (output)
X = 1 = sign change + to - = North Point
X = -1 = sign change - tc¢ + = South Point
X = 0 = no change, or change determined but necessary

data could not be computed

Y = origin of this function

Z = Diff. -1, the first difference of the latitude at the
previous output time (input)
Q 96001 Lat 1, latitude at the current output time I
Q 90002 Lat -1, latitude at the previous output time I
Q 90003 J.D. Time of I
Q 90004 Sec. } Lat -1 I
Q 90005 Orbit Generator Error Ind. 0
Q 90006 Delt- T (Sec) I
Q 90007 J.D. Time of 0
Q 90008 Sec. North Pt, or South Pt. 0
Q 90009 T (C.U.T.) (if found) 0
Q 9001GC Pos. and Vel, Vectors at Time of NP or SP 0
Q 90011 K. Degree of Poly. Used in Fit I
Q 90012 Matrix Clear F
Q 90013 Matrix Normalizer F
Q 90014 Fitting Function Partial F
Q 90015 Square Rt., Matrix Solution F
Q 90016 Orbit Generator F
Q 90017 keduced J.D, = Sec., to C,U.T. F
31




F 152 - NORTH POINT - SOUTH POINT DETERMINATION

Q 90018
@ 90019
£, 90020
Q 90021
Q 90022

(K = 1225)

Sub-Satellite Point and Height

Error Indicator

Radial Dist.(C.U,L,) at Tl1l, current output time
Long. (Rad) at T1l, current output time

Geoc, Lat. (Rad) at T1, current output time

32
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F 152 - NORTH POINT - SOUTH POINT DETERMINATION

GeT DIFF., =1

INDEX ON Z

Ser piFF. 1 =
(cat. 1) = {LaT.=1)

=

STORE NEW
oIFF. = 1 =DIFF. 1

> <

(K = 1225)

SET SIGN CHANGE
INDICATOR = O

INDEX ON X

&

33

O,

SET SI1GN CHANGE
INDICATOR = =]
‘FOR SOUTH POINT
CROSSING

INDEX ON X

DiFF. = 1 > 07

___..®.____‘

O,

CROSSING

SET SIGN CHANGE
INDICATOR = +1
FOR NORTH PoinT

INDEZ# ON X

SAVE DATA FROM

SuUB SAT.

AND HEIGHT F.
AT T

POINT

1

CoMPUTE

M= K

AND

AT/Z

+ 1

MATRI

X

CLEAR

Compute JDS FOR
(tiMe OF taT<=1)

- (at/2)

CONVERT TO CUT

AND

TAPE

6000

ProGRAM P
FOR ORBITAL
FORMAT =1

GET POS TION VEC-
TOR FOR ABOVE

TIME

FOR THIS

WAS VECTOR

ON TAPE?

TIME

_.
Cle




" 152 - NORTH POINT -

Sus SATELLLT
POINT AND
HEIGHT

1190

COMPUTE LAT.
FOR THIS TIME

CompuTE JDS FoP
(TimE oF LAT=1)
+ (A1/2) anD
CONVERT 1O 71T

ProGgRAM P
FOR ORBITAL
Tare FormaT-1

(K = 1225)

OUB SATELLITE
POINT AND
HEJGHT
1190

COMPUTE LAT.
FOR THIS TIME

12

FiT rive TiMES
AND LAT. TO CURVE
AND FORM MATRIX

OF COEFFICIENTS

GET POSITION VECTOR
FOR ABOVE TIME

UB SATELLITE
POINT AND
HEIGHT

COMPUTE LAT
FOR THIS TIME

CompuTE JDS FOR
(riMe oF rLat 1)
+ (AT/2) anp

CONVERT To CUT

ProGgram P
FOrR ORBITAL
Tare FormaT=1

6000

GET rostTiON
FACTOR FOR ABOVE
TIME

WAS VECTOR FOR
THIS TIME ON
TAPE?

SauaRe Root
NorRMAL MATRI X
SOLUT I ON

Dip MATRIX
HAVE ZERO
DIVISOR?

COMPUTE TIME
OF MAX OR MIN
Lat = - (A1/2A2)

AbD TIME OF
MAX OR MIN TO
TIME OF LAT.

AND CONVERT

T0 _CUT

FROGRAM P
FOR ORBITAL
Tape _FoRrmar-1

GET POLITION
VECTORS FOR
ABOVE TIME

WERE VECTORS
FOR THIS TIME
OoN TAPE?

34

SOUTH POINT DETERMINATION

310RE INDICATOR
iHAT NG NP

OR SP (ROSSING
WAS FOUND

INDE# ON X

r_;ET ERROR

INDI CATOR =
-1

RES 9RE DATA
AT T1

f—— -




iI.

F 064 - SQUARE ROOT NORMAL MATRIX SOLUTION

PURPQOSE: This routine

(K = 1900)

uses a special method for inverting a matrix

which is positive definite by solving a system of simultaneous linear

equations arising from use of the least squares method. When express-

ing the simultaneous equations (sometimes called a set of normal equa-

tions) in the matrix form AX = B, matrix A is symmetric and positive

1efinite,

>f matrix A is therefore applicable.

malizer) furnishes all
of matrix A as well as
square root method can
provided the matrix of

nite.

CALCULATION PROCEDURE:

The triangular square root method of obtaining the inverse

The output of F 066 (matrix nor-
of the data required to define the coefficients
all of the elements of matrix B. The triangular
be used to solve any system of linear equations,

the coefficients is symmetric and positive defi-

A description of the square root metnod used to

solve systems nof normal equations arising in least squares solutions of

a ls:L‘ll degree polynomial follows.

Consider the systein of normal equations

2
.o LYY =
a, N + a, X + a, X+ + a 2y

k+l

2 3
by =
3 X+ a, ™+ a, Ix + ...+ a, X Xy

2 3 4 k+2 2
a0 X+ a1 X o+ a2 TX 4+ ...+ ak X =IXy

. 3 3 . . . .

k+2

k k+l 2k _ k
a, X o+ a, X + a, Tx oo toap X = IXy

This set of equations may be written in the matrix form
AX = B
X . 2 2k
where A is the matrix of the coefficients N, ¥x, ¥x ,... Zx (here-

), X is the column matrix

after called a yres @

1,1’ %1,2° %1,3 k1, kel
[ai} (i=0,1,...,k) and B is the column matrix of the elements Yy,

b, b b, .).

2 k
Xy, £X ¥y... X v (hereafter called b gr Pgreee by

l’

35




F 064 ~ SQUARE ROOT NORMAL MATRIX SOLUTION (continued)

(K = 1900)
3,1 Tt B kel B =,
= . B = X =
a . a b a
k+1,1 x+1,k+1 k+1 k
Let the upper triangular matrix
[ ]
51,1 1,2 %1,3 0 0 Cl,k+l
0 52,2 %2,3 g kel
S 10 0 53,5 - 3,k+1
0 .
0 (0] s kel
be defined by the equation
8'S=A (1)

where S' (a lower triangular matrix) is the transpose of S, i.e.,

s'.. =s_... Then
ij ji
S' (SX) =B
.which can be expressed as the two equations
S'U=B (2)
and SX =U 3)

where U is a column matrix {u, ]}
Once S (and S') is determined from Eq. (1), Eqs. (2) and (3) can be

solved in succession, the first for U and the second for X.

First Step: Obtain S from the relation §'S = A, Equating individual

elements of A and S'S, we have

k+1 i

8! 8 .= s s =a =z i
EE: i,r r,J :E: i %5 T 1,y )
r=1 r=1




F 064 - SQUARE ROOT NORMAL MATRIX SOLUTION (continued)
(K = 1900)

Writing out these equations:

1]
n
+

i~1
s s s. . s = a
ryi r,i "i,i 1i,i i,1i
r=1
i-1
. s = a
r,i r,j i,i 1i,j 1,
r=1

and solving:

/)]
-
| d

|

»
-
-

]

2'

., = okd
’ 1,1
S
2,2 = la 2
2,2 - s
' 1,2
- - S S .
s. .= 4,J 1,2 1,3
2,3 52 2
s
[ i-1
S = a = S2
i, i i,1i r,i
r=1
37




F 064 - SQUARE ROOT NORMAL MATRIX SOLUTION (continued)

i,J

(K = 1900)

i-

a . -

s . S .
1, r,i r,J

1
r=1

S, .

i,i

It computed in this order, all the quantities on the right-hand sides

will be known.

Second Step: Obtain U from S' U

this equation,

K+1

therefore,

'B. Equating individual terms of

n
e
=
&E
g
1]
-
P
'1:
Il
HO‘
"
I
-
IS
=
+
-

u_ + s, u =5>b
r,i r i,i i i
°1
1,1
2~ %1,2%

2,2

1-1
b -
i sr,i Yr

r=1

1,1
38




F 064 - SQUARE ROOT NORMAL MATRIX SOLUTION (continued)
(K = 1900)

Third Step: Obtrin X from SX = U. Equating individual elements,

k+1 k+1

S. X = - - e
E i, r *r E bi,r X, ki i 1,2,... k+1
r=1 r=1

Writicg these out,

S X =
k+l, k41l Tutl - Ykel

s =
K.k kT Sk, kel “kel T Yk

u+l

S, . X, + s X =
E . = u,
1,11 i, r “r i

r=i+1

: Solving,
|
| Ykel

ka1, ktl

Uk 7 %k, kel Fkel

X °k, k

u+l

S,
\ i,i
This is simply a backward solution of the S matrix where xk+l xk,... xl
b}

are the unknowns a for which the normal equations are

k' %k-1"""" %o’
being solved.

III. MEMORY REQUIREMENTS: 60 locations

IV. UGSAGE: This function is called by the command - F (X, Y, Z)

39




F 064 - SQUARE RCOT NORMAL MATRIX SOLUTION (continued)

(K = 1900)
where:
X = ao
X+1 = al
. >—- coefficients of the fitting function (output)
X+M-1 = am-l

bt
Y = origin of this function
Z = M, the number of columns in the gi—en normal‘zer matrix (input)

Z+1 = M, the number of rows (input)

7242 = all |

Z+3 = a12

Z+4 = a13
bl
222

a & Input
23 Matrix

Pn
R

Exit check location contains a zero for a normal exit and a one if a

zero divisor was found in the matrix.

Q 90001 Exit Check location 0
Q 90002 Square Root F, F
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F 064 - SQUARE ROOT NORMAL MATRIX SOLUTION

(K = 1900)

ENTRY

AX = H

Ler A =5 s

FIND MATRIY &

INPTIALYZE

I TO FORM
LST ROW
OfF s

GET THE
JTH ROW OF

INCREMENT
J TO “BTAIN
NEXT ROW
OF s

HAVE ALL ROWS
OF MATRIX §
BEEN FORMED?

GET 8!
AND SOLVE
Su=B
FOR U

_G_I:J_u_-‘

AND SOLVE
X = y
FOR Xx

GEl x AND
SCT €XIT CHECK
LocaTion = O
TO INDICATE
HORMAL EX11

SIORC COLUMN
MATREX X
IN QuIPUT

ARCA

41
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F 066 - MATRIX NORMALIZER FUNCTION
(K = 1965)

th
I. PURPOSE: Tais function adds the effect of the n— poinrt to the partially

formed coefficients that are to be used in solving the normalized least
squares equations.

Prior to entering this routiie for the first time for fitting a k-:c-Il

degree polynomial, the matrix clear function must have been used.

The output of this routine gives the values of all of the required
elements that are to be used in the simultaneous equation solution
for the coefficients for the polynomial. The square root least squares
routine is used in solving this set of simultaneous equations. The
value of the degree of the polynomial plus 1 is given as the first word

of this array of numbers.

II. MEMORY REQUIREMENTS: 20 locations

fII, USAGE: This function is called by the command - F (X, Y, Z) where:

X+1 = M, number of rows of the matrix (input)
X+2 = location of first element of the normali.ed matrix
(input-ouiput)

Y = origin of this function
z=1 )

Z+1 =V

7+2 = V¥
: - Input, where V is an independent variable and
. . W is a dependent variable

Z+K = Vk

Z+K+1 = W__J
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F 066 - MATRIX NORMALIZER FUNCTION
(K = 1965)

SET R = G
WORD Ot
Q@ ARRATY
+ NTRY
\ .
CALCULATES
po= (u)(x)
GET M = NO
OF ITEMS OF t '-
PUT DATA
| _DEY O X HnOD P [¢]
APPROPP' 4 €
[
O F 1 MA RI/

SET Z INDEX |

x o= %+ ]
‘ Q@ =q+1

COMP'.TE

io= mrz+ 1

Q>i7
HAVE ALL TERMS
IN THE Q ARRAY
BEEN PROCESSED?

Q = 2z
(ser uP gQuiva-
LENT OF SIORING
I~PUY DA A
TWICE)
1

z>1 7
HAVE ALL TERMS vrs
FROM THE Z AR~
PAY OF , \PU?

DA A tEN
PROCESSEDT ,//
NO
16

SET™ UP WORK. NG

AREA

g = z™
WORD Of Z

ARRAY

43




11.

JI1I.

F 067 - MATRIX CLEAR FUNCTION
(K = 1990)

PURPOSE: This function clears a block of memory locations (i.e., sets

each location = zero) which is to be used as the storage area for the
coefficients of the normalized least squares equations. The left hand
side of these equations (expressed in matrix form), exhibits the prop-
erty of being symmetric about the diagonal. For this reason, the com-
plete matrix is not stored. This function is used before calling the
matrix normalizer function for the first time, to ensure that the
entire matrix area has been zeroed out. The number of locations to be

cleared is a function of the degree of the polynomial to be fitted.

MEMORY REQUIREMENTS: 16 locations

USAGE: This function is called by the command - ¥ (X, Y, Z)

where:
X = location oi M, number of rows in the matrix (input)

X+1

X+2

location of M, number of columns in the matrix (input)

Y = origin of this function

Z = 1, number of added columns in the matrix (input)

414

first location of matrix storage area which is to be cleared
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EN

STCR

B
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#,
¥
E
%
b4

L

£and
&

£

:
t
£
e

g ey

ot
1

AL '5:\"%

F 067 - MATRIX CLEAR FUNCTION

(K = 1990)

)

SET UP COUMNTERS
t ALD Z 70
De v ERMINE HOW
MANY LOCATIOKS

ARE O EBE CLEARED

SET LOCATION
TO ZERO
INDEX Of X
x = x+ 1
K = k+ 1
NO
Kot 7
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II.

IIr.

F 065 - FITTING FUNCTION PARTIAL
(K = 2015)

PURPOSE: Given the coordinates of a point (V, W) this function computes
VJ, for j =0, ..., K, where V is the independent variable, W is the
dependent variable, and K is the degree of the polyaomial. The output
is a set of elements in the following form:

1 v V.. v

MEMORY REQUIREMENTS: 10 locations

USAGE: This function is called by the command - F (X, Y, Z)

where:
)
X=1
X1 =V ]
X+2 = v }— output
Xt3 = V¥
X+K = Vk
X+K+l = W_J

Y = the origin of this function
Z = independent variable input

Z+1 = dependent variable input

Q 90001 K, The Degree of the Fitting Polynomial I




Ve —

1L TIALIZE
COUNTERS
1 =0, g=1

GET INDEPEN=
DENT VARIABLE
v

F 065 - FITTING FUNCTION PARTIAL
(K = 2015)

p)

STORE POWERS
OF v

INDEX ON X

x = x+1

GET AND STORE
DEPENDENT
VARIABLE

W

| = 1+1
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PRINT ELEMENTS, DRAGS, EARTH CONSTANTS
(K = 2035)

I. PURPOSE: ‘'rnis function writes elements, drags, earth constants, and

harmonics on tape TI, and optionaily on the Refined WMAP tape (ID).

All input is Q'd.

II. MEMORY REQUIKEMENTS: 50 locations

I11. USAGE: This function is entered with the command - ¥ (X, Y, Z) where:

X = 00000 (not used)
Y = origin of this function
Z = 00000 (not used)
Q 90001 First Loc. of Date and Time of Elem.
Q 90002 a
Q 90003 e
Q 90004 i
Q 90005 M
Q 90006 Small Omeg.
Q 90007 Cap Omega
Q 90008 No. of N (P,Q)'s
Q 90009 First Loc. of N (2,Q)'s or of Rho Sub I°.
Q 90010 Firzt Loc. of N (3,Q)'s
Q 90011 First Loc, of Drag Dates, Times
Q 90012 Second Loc, ¢f Drag Dates, Times
Q 90013 Mu
Q 90014 Rotation of earth
Q 90215 Radius of earth
Q 90016 Flatness Coefficient
Q 90017 Output Scale
Q 90018 First Loc. of Sat. Ident. Data
Q 90C1l9 First Loc. of Run Ident. Data
Q 90020 K2
Q 90021 K3
Q 90022 K4
Q 90023 K5 Harmonics, From Orbital
Q 9C024 J Tape Title Record
Q 90025 H
Q 90026 K
Q 90027 L
Q 90028 Refined WMAP Output Option
Q 90029 C Sub D
Q 90030 Area
Q 90031 Mass
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PRINT ELEMENTS, DRAGS, EARTH CONSTANTS

(K = 2035)

Q 90032 Complementary Perturbations Option I

Q 90033 Lunar Perturbations Option (MCOI) I

Q 90034 Solar Perturbations Option (MCOI) I

Q 90035 Ind, of Orb. Gen. Used to Make Orbital Tape I /

Q 90036 X I /

Q 90037 Y I
1 Q 90038 zZ I
; Q 90039 X Dot I
; Q 90040 Y Dot I
i Q 90041 Z Dot I
jE
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II.

III.

PURPOSE:
stored information on the Satellite Position and Real Field (SPRF)} Tape

(TCB) .

tric latitude, geocentric dictance, B, and L.

word 6.

items have been stored,

record.

MEMORY REQUIREMENTS:

Words 1 through 5 of each item cousist of longitude, geocen-

STORE, WRITE SPRF DATA RECORD

(K = 2470)

This function stores six-word data items and writes the

The time is stored only in the first item.

Nothing is stored in

When 50 data

they are written on TC in a 350-word binary

The last 45 words of the data record are not used.

USAGE:

where:

17 locations + 350 storage locations

This runction is entered with the command - F (X, Y, Z)

OOODODOODLDDDODODOLLOLDODOLO

< X
n

[}

90001
90002
90003
90004
90005
90006
90007
90008
90009
90011
90012
90013
90014
90015
90016
90017
90018
90019

00000 (not used)
= origin of this function

00000 (not used)

Day Count

J.D. to Packed Date

J.D.} Time of Data

Sec. To Be Stored
Longitude (Degrees)

Geoc. Latitude (Degrees)
Geocentric Distance (Km.)

B (Gauss)

L (Earth Radii)

Storage Counter

Date ime of First Sat,
Day Ct }l' Data Item In Record
Sec.

Longitude (Degrees)
Geocentric Latitude (Degrees)
R, Geocentric Dis*ance (Km.)
B, Field Strength (Gauss)

L, Magnetic Shell Radius
(Earth Radii)

50
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II.

III.

PURPOSE :

F 074 - GSFC ELEMENT PRINT FUNCTION
(K = 2515)

This function converts elements to proper units for GSFC

output on tape TD and optionally on the on-line printer. OQutput

consists of the following elements:

Epoch (date and time)
Semi-major axis (KM and miles)
Eccentricity

Inclination (degrees)

Mean Anomaly (degrees)

Argument of perigee and its rate of change (degrees and
degrees/day)

R.A. of Ascending node and its rate of change (degrees and
degrees/day)

Anomalistic Period and its rate of change (minutes and
minutes/day)

Height of Perigee (KM and miles)
Height of Apogee (KM and miles)
Velocity at Perigee {KM/hr. and miles/hr,)
Velocity at Apogee (KM/hr, and miles/hr.)

Geocentric Latitude (degrees)

All input is Q'd.

MEMORY REQUIREMENTS: 7€ locations

USAGE :

where:

This function is entered with the command - F (X, Y, Z)

o
]

00000 (not used)
Y = origin of this function
00000 (not used)

Q 90001 Page Counter
Q 90002 Printer Output Option
Q 90003 Tape Output Option
Q 90004 Satellite Ident. No.
Q 990005 Satellite Name

51
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DDODDODDODDLODODODODDODODDODODOLODDODODODOOO O

90006
90007
90008
90009
90010
90012
90013
90014
90015
90016
90017
90018
90C19
90020
20021
90022
90023
90024
90025
90026
90027
90028
90029
90030
90031
90032
90033
90036
90037
00019

F 074 - GSFC ELEMENT PRINT FUNCTION

(K = 2515)

Year

Month

Day

Hour

Min.

a (C.U.L.)

e

i (Rad.)

M (Rad.)

Cap Omega (Rad.)
Small Omega (Rad.)

Period (C.U.T.)

Ht. of Perigee (C.U.L.)

Ht. of Apogee (C.U.L.)

Cap Omega Dot (Rad/C.U.T.)
Small Omega Dot (Rad/C.U.T.)
P Dot (C.U.T./C.U.T.)

Square Root

Arc Sin

Sin

Deg/Rad

Km/C,U.L.

Mi/C.U.L.

C.U.T./Day

Min/C.U.T.

(Km/C.U,L.) (C.U.T./Hr)
(Mi/C.U.L.) (C,U.T./Hr)
Round and Scale

No. of Lines Per Output Page
Lo~. of No. Used by Rounding F.

Date and Time
of Elements
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1I.

I1I.

MASTER ORBIT TAPE OUTPUT
(K = 2600)

PURPOSE: This function scales data and writes one record on the Master

Orbit Tape (TI). Two page heading records are also written if 4/ data

records have been written since the last heading record. Data includes:

geocentric longitude and latitude; radial distance; inertial right
ascension; velocity right ascension; velozity declinatior- magnitude of
velocity; geomagnetic Ry and latitude; and Real Field B, L, B/By, right

ascension, and declination, All input is Q'd.

MEMORY REQUIREMENTS: 49 locations

USAGE: This function is entered with the command - F (X, Y, 2Z)

where:
X = 00000 (not used)
= origin of this function
= 30000 (no\. &38(‘)
Q 90001 J.D. 1
Q 90002 S. co..ds, Foll. by Round Vaiue I
Q 90003 Geoc. Loungitude (Degrees) I
Q 90004 Geoc. Latitude (Degrees) I
Q 90005 Radial Distance (Km.) I
Q 9CC06 Inertiai Rt. As. (Degrees) 1
Q 90007 Velocity Rt. As. (Degrees) I
Q 90008 Velocity Decl. (Degrees) 1
Q 90009 Mag. of Velocity (Km/Sec) 1
Q 90010 Geomag . Ro (C.U.L.) ) §
Q 90011 Geomag. Latitude (Degrees) 1
Q 90012 Real Field L (C.U.L.) 1
Q 90013 Real rield B (Gamma) 1
Q 90014 Real Field B/B, 1
Q 90015 Real Field Rt. As. (Degrees) I
Q 90016 Real Field Decl. (Degrees) 1
Q 90017 Output Page Number 10
Q 90018 Data Record Counter 10
Q 90019 Year of Reference 1
Q 90020 Days Jan, l-Dref I
Q 90021 J.D. - Sec. to J.D. - Hr. - Min. F
Q 90022 Date Functica F
Q 90023 Rourd and Scale r
Q 90024 Loc. of Round Value (o]
Q 90025 Alphabetic Sat. Ident. (3 letters) )¢
Q 90026 last 4 Digits of S~t. Ident. Nu. 1
Q 90027 Dey Count F
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I.

II.

III.

F 147 - GEOMAGNETIC LATITUDE AND LONGITUDE

(K = 2655)

PURPOSE: This function computes geomagnetic latitude (SMLAT) and geo-

magnetic longitude (SMLON) as follows:

SMLAT

where X%

SMLON

where Xz

il

and y

SGIAT
SGLON =
DPICL =

AAMBZ =

All input and output

MEMORY REQUIREMENTS:

arc tan —517
12

[cos (DPLCL) sin (SGLAT) + sin (DPLCL) cos (SGLAT)
cos (SGLON - AAMBZ)|

arc tan _y_
X2

sin (SMIAT) cos (DPLCL) - sin (SGLAT)
cos (SMLAT)sin (DPICL)

cos (SGLAT) sin (SGLON - AAMBZ)
cos (SMLAT)

Geocentric latitude (radians)
Longitude (radians)

Geocentric colatitude of north geomagnetic pole
(radians)

Longitude of north geomagnetic pole (radians)

is Q'd.

33 locations

USAGE: This function is entered with the command - F (X, Y, Z)

where:

X = 00000 (not used)

Y = origin of this function

Z = 00000 (not used)

90001
90002
90003
90004
90005
90006
90007
90008
90009
00010
00011

DODODODLOLDLDODODO

Sine

Cosine

Arc Tan Y/X

Arc Tan Y

Square Root Function

SGLAT (Geoc. Lat. in Radians)

SGLON (Long. in Radians)

SMLAT (Geomagnetic Latitude)

SMLON (Geomagnetic Longitude)

Geoc. Colatitude of North Geomag. Pole (Rad.)
Long, of North Geomagnetic Pole (Rad.)

H O O M iy oy
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II.

III.

F 041 - LOAD R,AM.S. DATA
(K =. 2700)

P RPOSE: This function loads up to 37 R.A.M.S. Data cards and stores
the information in che R.A.M.S. data table (K = 3300). Each card con-
tains four R.A.M.S. items. An item consists of a date and the corres-

ponding R.A.M.S. data.

MEMORY REQUIREMENTS: 39 locations + 300 storage locations

USAGE: This function is entered with the command - F-(X, Y, Z)

where:

first location of R.A.M.S. data table

Y = origin of this function

input option (0 if data on cards; not O if data on tape)

Q 00024 H-M-S to Radians F
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F 042 - R.A.M.S. DATA SEARCH
(K = 2745)

I. PURPOSE: This function searches the R.A.M.S. data table (location
3300) for R.A.M.S, data ror a specific date.

II. MEMORY REQUIREMENTS: 19 locations

IIT. USAGE: This function is called by the command - 7 (X, Y, Z)

where:
X = year
X+1 = month date of desired R.A.M.S. data (input)
X+2 = day

X+3 = corresponding R.A.M.S. in radians (output)
(If the date is not in the table, (X+3) = 99999999),

Y = origin ¢t  _ 3 function

Z = first word of R.A.M.S, data table (input)
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F 042 - R.AM.S, DATA SEARCH

(K = 2745)

MONTH

GET YEAR,

& pay

INDEX ON X

PACK YR,
DAY INTO

Mo, &
1 woRD

YYMMDD

FROM R.A

GeT NTH pare

«M,S.
DATA TABLE

INDEX ON 2

AGREE?

tS DATE FROM
TABLE DE-

SIRED DATE?

DO DATES

END OF TABLE?

YES

i

SET OUTPUT

= 99999999

Y

GET R,A.M.S.
DATA ASSOCIATED
WITH DATE

INDEX ON 2

STORE R.A.M.S.
DATA

INDEX ON X

INDEX ON X
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FUNCTION TO CALIL BILM
(K = 2770)

EEBPOSE: This function calls the BILM Fortran subroutine which con-
tains subroutines INVAR, LINES, START, MAGNET, INTEG, and CARMEL. (See

Reference 6.)

BILIM calculates magnetic coordinates B and L for a point in space de-
scribed by the coordinates of geodetic latitude {(in degrees), longitude
measured from Greenwich (in degrees) and altitude (in kilometers) mea-
sured from the surface of the earth (oblate spheroid) along the line

from the point of interest to the earth's center.

The magnetic field, B, is calculated using the Jensen and Cain 48-term
spherical harmonics expansion of the magnetic field. The magnetic
field and its components are calculated for the point of interest and
for subsequent points along the line of force, passing through the
input point, until the point in the opposite hemisphere, conjugate to
the input point, is reached or passed,

After the magnetic field and its components are calculated for the in-
put point, the position of a second point on the line of force (closer
to the earth and a fixed distance away from the input point) is esti-
mated. The estimate is made using the magnetic field components of the
input point. The magnetic field is then calculated for the estimated
location of the second point. Using this information, the location of
the second point is corrected and the magnetic field is calculated
again for the corrected location. The location of a third point is
then estimated on the line of force. The locatioan of the third point
is on the opposite side of the input point the same distance away as is
the second point. The magnetic field components of the input and sec-
ond points along with distance between points are used to estimate the
location of the third point. The magnetic field is then calculated

for the estimated location and is used to correct this location for the
third point. The magnetic field for this corrected location is then

extrapolated using:

R(estimated) N
R(corrected)

B(corrected point) = B(estimated point) x

where: R = distance from center of earth to point
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FUNCTION TO CALL BIIM (continued)
(K = 2770)

Subsequent points along the line of force are computed stepwise by
estimating the location of the next point along the line of force based

on components of the magnetic field and the step size taken at three

~-

previous points. The magne ic field is then -alculated for this esti-
mated new point location and is used to re-estimate or correct the
location of this point. The magnetic field for the corrected location

’s then extrapolated as above.

After the initial three points are calculated the differential arc
length along the line of force between points is varied sucn that when
the curvature of the line of force is small, large steps are taken be-
tween points to conserve computer time and when the curvature is large,
smaller steps are taken to conserve accuracy. The number of steps
taken and thus the number of points along the line of force where B is
calculated is variable but has an upper limit of 199 points. If the
conjugate posnt is not reached in 199 steps the code sets L = -1.0 and

goes on to the next case.

After computing the set of coordinates that define the path of the line
of force and the value of B at each point, the integral invariant I is
computed using a numerical method developed by C. E. McIlwain, which is

based on the closed form of the following integral equation.

A'

I = f (l—*g—z%)éds
A
where:

A = point of interest

A' = conjugate point
B(A) = magnetic field strength at A
B(S) = magnetic field strength at any point S on line of

force between A and A'
ds = differential path length along line of force
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FUNCTION TO CALL BILM (continued)
(K = 2770)

The magnetic coordinate L is then computed, using B and I, from a poly-

nomial expansion for the dipole function.

aBY) _ 238
log (L M) F|log (I M)

~

n=:-
L =1 + exp ’ anx

o+

a

‘wim

n=

where:

- 3 B
X = log (I M>

a = expansion coefficient

n
(varies for different ranges of values of X,
refer to reference 6)

M = dipole moment of earth

( = 8,06 x 105 gauss. cn®)

log(N) = loge N

exp(N) = eN

This routine is good for all altitudes and latitudes; the average
relative error in L is approximately (ERRx L). About one in one hun-
dred cases will have a relative error greater than 10 times the average

relative error. The program uses ERR to set the initial size of step

along the line of force:

i.e., differential arc length between initial points =

0.3 x R x ERh, where R = distance from point to center

of earth, in earth radii,
After the initial points are calculated (one point on either side of
the input point) the step size is varied to keep the relative error in
prediction of the next point atong the line of force equal to the mag-

nitude of ERR. The step size can vary in magnitude between the follow-

ing limits:

£

b

differential arc length "{
0.0 <
between successive points)

60

Pew Rl ag

AW G B et e

e A Bt

B e e P

Run e et e Sy g e




e ween T

oy

LN

i 9 e 0 LE e B,

PR N

FUNCTION TO CALL BILM {continued)
(K = 2770)

Since parabolic fits of the B components are used for exirapolation to

the next pecint, the error is proportional to the third power of the
step size,

Lines of force with L greater than 30 earth radii and lines which pass
near the geographic poles depend critically upon the accuracy of the
points close to the earth. An ERR of 0.01 or smaller may be required

to produce reliable results for these cases.

The integral invariant I does not appear in thc output, but is easily

accessible by using subroutine INTEG, where it is called FI.
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FUNCTION TO CALL BILM (continued)
(£ = 2770)

COEFFICIENTS FOR JENSEN AND CAIN 48-TERM EXPANSION IN
SPHERICAL HARMONICS OF THE EARTH'S MAGNETIC FIELD FOR
1960 AS USED IN MAGNET

The expressions for the components of the earth's magnetic field at a

roint in terms of spherical polar coordinates are as follows:

P
a n+2 = m n m
Br = E : (n+l)(;) E : (gncos mp + hnsin mp) Pn(cos 8)
n=1 m=0
© n
a n+2 m m d m
Be = E :-(;) E :(gncos myp + hnsin mep) ® Pn(cos 0)
n=1 m=0

sa n+2 1 . m m m
B@ = E - (;) TS E (- mg sin mp + mh cos mo) P_(cos 6)
n=1 m=1

where: 1. P (cos H) are the ass:ciated Lengendre polynomials

2. g

B 888

and hﬂ are Gauss' coefficients for the earth's potential

3. r is the distance between the point of interest and the
center of the earth

4, a is the average radius of the earth
¢ is the angie related to longitude
6. 06 is the angle related to co-latitude

The constants or coefficients g and h are given values such that the
calculated magnetic field at a point corresponds to an experimentally
determined value. In this manner the expressions for the magnetic field

components represent ''fits' to experimentally determined data.

In the B and L code the expressions for the magnetic field components

are as follows:

7 n
B, = Z(l)m’l .n. Z [G(I) cos mp + H(I) sin mcp] P(I)
n=2 ‘R m=1
! n+1l ~
1 d
B, = Z - (= Z G(I) cos mp + H(I) sin mp ~—— |P(I)
° n=2 (R) m=1[ do ]
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FUNCTION TO CALI, BIIM (continued)
(K = 2770)

5
- (%) 1 :E: (m-1) [- G(I) sin mp + H(I) cos m¢] P(I1)

sin®
n=2 m-1

1. R = distance to point of interest in earth radii

2. G(1) and H(I) are Gauss' coefficients as computed by
Jensen and Cain

3. P(I) are the associated Legendre polynomials

4. I =n+ 7% (m-1)

The coefficients G(I) and H(I) as used presently in the B and L code

are contained in reference 6.
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FUNCTION TO CALL BIIM (continued)
(K = 2770)

INVAR Subroutine

l. L is computed by:

a,

Computing the magnetic line of force from the starting point
(FLAT, FLONG, ALT) to pass the conjugate point in the opposite
hemisphere. This is done by subroutines START and LINES which
use subroutine MAGNET for computing B and its components along
the line., The MAGNET subroutine now contains the 48 coefficients
derived by D. Jencsen and J. Cain for the year 1960 and were sup-
plied by J. Cain in May 1962. Other sets of 48 coefficients can
easily be inserted.

Integrating along the line to obtain the integral invariant 1.
This is performed by subroutine INTEG in which I is called FI.
Computing L from B and I with subroutine CARMEL which contairns

computed sets of coefficients for the dipole function

1og(1,3 B/M) = F(1og(13 BM)).

2. Accuracy - Use of ERR:

a,.

In general ERR = 0.03 results in adequate accuracy with a minimum
of running time.

The average relative error in L is approximately (ERRx L). About
one in one hundred cases will have an error greater than ten
times the average error.

The program uses ERR to set the initial size of step along the
line of force. Except for several limitations on the maximum
step size permitted, the step size is varied to keep the relative
error in prediction to the next point along the line of force
equal to ERR.

Since parabolic fits of the B components are used for extrapola-
tion to the next point, the error is proportional to the third
power of the step size. This and the effect of the limits men-
tioned above produces the result that little additional computa-
tion time is required to greatly increase the accuracy. As an

example, an ERR of 0.003 requires only 1.9 times tke time to
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FUNCTION TO CALL BIIM (continued)
(K = 2770)

compute L as with ERR equal to 0.03 i/_ag_gw 1.9

e. Due to the limits placed upon the step size, the running time
decreases very little for ERR larger than 0.03.

f. Lines of force with L greater than 30 earth radii depend criti-
cally upon the accuracy of the points close to the earth. An
ERR of 0,01 or less may be required to produce reliable results.

g. Lines of force which pass near the geogruphic poles also require
ERR to be relatively small for reliable results.

Limi tations:

a. As far as is known, valid resulilts are produced for any geographic
latitude, longitude and altituae.

b. 1if ERR is very small, more than 199 steps may be required to
reach the conjugate point. In tais case the subrou ine sets L
equal to -1.0 and returns to the calling program. This limita-
tion can be removed by increasing the dimension of B, ARC, BEG,
BEND, BLOG, and ECO from 200 to some larger number and by modify-
ing the cards labeled INVARA1l5 and LINES082.

c. The arguments of the sine and cosine functions are in radians.

Input:

FLAT is the geographic latitude (the angle to the equatorial plane)

in cegrees (-90o < FILAT < 900). FLONG is the geographic longitude in

degrees, ALT is the altitude above the surface ot the earth in kilo-
meters. The distance from the center of the earth to the surface is
approximated in the program by the equation 6356.912 + 21.3677 cos2

(lat) + v.108 cos4 (lat). Note that since the spherical harmonic

analyses to the earth's magnetic field treat the earth as a sphere,

the MAGNET subroutine sets the radial distance to 6371.2 + «lt.

Output:

a. BB is the scalar value of the magnetic field in gauss at the
point in space specified by the input.

b. FL is the magnetic shell parameter L in earth radii at the speci-

fied point in space.
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I.

II.

III.

PURPOSE:

F 148 - RZAL FIELD RIGHT ASCENSION AND DECLINATION

clination as follows:

FIDCL

where x3 =

E =

FFRSN =

where SPFS =

Xa =

FFDGL =
FFRSN =
SGIAT =
SGLON =
GHAVE =

Fr, FCP’ Fg =

All input and

MEMORY REQUIREMENTS:

USAGE:

where:

(K = 2800)

This function computes real fieid right ascension and de-

arc tan
Ql—xf
sin E sin SGLAT + cos E cos SGLAT cos A

-F
r

arc tan pEm—m—m——
dﬁ+rg
@ 0

arc tan F /F
¢ 6

GHAVE + SGLCN + SPFS

arc tan X
y
sin A
cos FFDCL
sin (E)-sin (SGLAT) sin (FFDCL)
cos (SGLAT) cos (FFDCL)

cos E

Real Field Declination

Real Field Right Ascension

Geocentric latitude

Longitude

Greenwich Hour Angle of the Vernal Equinox

Components of the magnetic field with respect to
the center of the earth, east and north,
respectively, in Gauss

output is Q'd.

67 locations

This function is entered with the command - F (X, Y, Z)

<
Hoon

00000 (not used)
origin of this function

00000 (not used)
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F 148 - REAL FIELD RIGHT ASCENSION AND DECLINATION

90001
90002
90003
90004
920005
90006
90007
90008
90009
90010
90011
90012
90013

DOLLDODLODOLDLODLDLOLOD

&L
(=]
o
o
e
w

Q 00014
Q 00016
Q 00017
Q 00018

(K = 2800)

Arc Tangent Y/X
Square Root
Sine

Cosine

Arc Tan Y

FG

SgLAT (Geoc. Lat. in Radians)
SGLON (Long. in Radians)

GHAVE (Greenwich Hour Angle of Vernal Equinox)
FFDCL (Real Field Declination)
FFRSN (Real Field Right Ascension)
-2 Pi

-4 Pi

Pi

2 Pi

4 Pi
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II.

III.

F 138 ~ EVERETTS INTERPOLATION
(K = 3760)

PURPOSE: This function is used to interpolate between four vectors
from the Solar Ephemeris Tape, using Everetts Interpolation formula
where to+ph is between the times of the second and third vectors,

f(ty+ph) = (1-p)i, +pf;, - p(p-g%(RTZ) 6g + (p+1)§$p-l) 6?

vhere h = step size

MEMORY REQUIREMENTS: 27 locations

USAGE: This function is entered with the commard - F (X, Y, Z)

where:

X = f(t,+ph), value of function at t; + ph (output)

Y = origin of this function

Z = f_,, value of function at t, - h
Z2+10 = fy, value of function at t,

(input)

Z+20 = f; , value of function at t; + h
Z+30 = fz, value of function at ty + 2h
Q 90001 h, Interpolation Step Size
Q 90002 to+ph, Time of Item for Which to Interp.
Q 90003 to, Time of 2nd Item in Interp. Table
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COMPUTE AND STORE ORB 3-SPECIAL POINT DATA ITEM
(K = 3900)

I. PURPOSE: This function gets satellite position and velocity vectors and
computes the solar position vector; geocentric latitude; the magnetic
shell radius; the magnetic field strength; and real field right ascension
and declination for the special points that occur during each pass.
Special points include ascending and descending nodes, north and south
points, and sunlight entrances and exits. All input and output is Q'd.
The Store, Write ORB3 Data Record Function is called to write the Orbital
Tape Format - 3A on logical Tape C.

II. MEMORY REQUIREMENTS: 20 locations

III. USAGE: This function is entered with the command - F (X, Y, Z)

where:

»4
il

00000 (not used)
Y = origin of this function

00000 (not used)

N
1

Q 90001 J.D. To, Time of I
Q 90002 Seconds Special Point 1
Q 90003 To (C.U.T.) I
90004 X
g 90005 Y Sat. Pos. Vector at i
Q 90006 7 To in C.U.L. 1
90007
Q 0 X Dot Sat. Vel. Vector at I
Q 90008 Y Dot To in C.U.L./C.U 1
Q 90009 2 Dot o in C.U.L. LULT. I
Q 90010 J.D. ' IO
Q 90011 Seconds 10
Q 90012 Long. (Deg) I0
Q 90013 Geodetic Lat. (Deg) Regular data item 10
Q 90014 Ht. (Km) which follows 10
Q 90015 Radial Dist. (C.U.L.) special point 10
Q 90016 Long. (Rad) 10
Q 90017 Geocentric Lat. (Rad)] 10
Q 90018 X 0
Sat. Pos. Vector at
Q 90019 Y To in Km (0]
Q 90020 z n 0
900
Q 90021 X Dot Sat. Vel. Vector at 0
Q 90022 Y Dot To in Km/S (0]
Q 90023 Z Dot n ec 0
Q 90024 Solar Pos, Vector at To (A.U.) (4]
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COMPUTE AND STORE ORB 3-SPECIAL POINT DATA ITEM

90025
90026
90027
90028
90029
90030
90031
920032
90033
90034
90035
90036
90037
90038
90039
90040
90041

(K = 3900)

Georentric Lat. at To (Deg.)

L at To (C.U.L.)

B at To (Gauss)

Real Field Rt. Asc. at To (Deg)

Real Field Decl. at To (Deg)

Factor to Add to U.T, to get E.T. C.U.T.)
Max. L Allowed (C.U,L.)

Max. B Allowed (Gauss)

Km/C.U.L.

(Km/C.U.L.) (C.U.T./Sec)

Deg/Rad

Sun Tape Read

Sub-Satellite Point and Height

BILM

Compute GHAVE

Real Field Right Ascension and Declination
Store, Write ORB3 Data Record
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TAPE REASSIGNMENT FUNCTION
(K = 4000)

This area is reserved in memory for the user to insert the standard CTMU

function, or for any other tape reassignment routine which may be required.
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II.

F 146 - PROGRAM P FOR ORBITAL TAPE FORMAT-1
(X = 6000)

PURPOSE: This function reads tape TEB to find the position and veloc-
ity vectors for a given input time. If the correct time is found, it
exits with the required vectors, and with the exit indicator set to 0.
If the request time is earlier than the 3IQ time on tape, it exits
with 9's in X, ..., X + 5, and the exit indicator set to -1. 1If the
reguest time is later than the 311 from last time on tape, it exits

with 9's in X, ..., X + 5, and the exit indicator set to +1.

MEMORY REQUIREMENTS: 136 locations + 350 locations

where:
X=X
X+l = Y Output, position vector in CUL
X+2 = Z
X+3 = X
X+4 = Y Output, velocity ve.tor in CUL/CUT
X+5 = Z

Y = origin of this function
Z = time in CUT at which output is desired

Q 90001 First of 350 Locs. Into Which to Load Record 0
Q 20002 Second Word of Loaded Record (Day Ct.) (1]
Q 90003 Third Word of Record (Seconds of First Item) 0 ‘
Q 90004 Fourth Word of Record (Interval Bet. Items) 0 :
Q 90005 Sixth Word of Record (X in Km) 0 \
Q 900.6 Seventh Word of Record (Y in Km) o §
Q 90007 Eighth Word of Record (Z in Km) 0 :
Q 90008 Ninth Word of Record (X Dot in Km/Sec) 0 ‘
Q 90009 Tenth Word of Record (Y Dot in Km/Sec) 0
Q 90010 Eleventh Word of Record (Z Dot in Km/Sec) 0
Q 90011 Time (C.U.T.) of 3rd Data Item on Tape I
Q 90012 Time (C.U.T.) of 3rd From Last Item on Tape I
Q 90013 Reduced J.D, - Sec. to C.U.T. (Modified) F
Q 90014 Packed Date (YYMMDD) to J.D. F
Q 90015 Backward Difference Interpolation F
Q 90016 Error Indicator o]
Q 90017 Time of Item for Which to Interpolate 0
Q 90018 Time or 6th Item in Interpolation Table 0
Q 90020 Tape Check Indicator 1
Q 90021 No. of Times to Try to Read Record I
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F 146 - PROGRAM P FOR ORBITAL TAPE FORMAT-1

Q 90022
Q 90023
Q 90024
Q 00015
Q 00016

(K = 6000)

-1 (Used to Backspace a Record)
Exit if Unable to Read Record
Location Zero

Km/C.U.L.

(Km/C.U.L.) (C.U,T./Sec)
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T0C
LATE

GET REQUEST
TiME

{NDEX ON Z

RequEsy
TIME = PREVIOUS
000 TIME?

ReqQuesT
TIME WITHIN
LIMITS?

Ser ExiT
cHECK = +1

Ser ExiT
cHECK = =1

-

F 146 - PROGRAM P FOR ORBITAL TAPE FORMAT-1
(K = 6000)

INIT Ay
SEARC~

Store 3's FoR
POSITION AND
VELOCITY VECTORS

©

YE3! Tapr cHECK?

50 o B106
9R B107

( s€+ 8Y PROG,
\P INFTIALIZFR

- @

Reap
fEB
p—
ong §950-
W D ~LC,ROD

e

PACKTD DATEL
1o J.O.

SLY SCCONDS OF
FIRST DATA,
TIMC OF FIRSY DATA
1n CUT, anD TIMC
OF LAST OATA N CUT

Request =
TO +IRST TimE?

ReqQuesT TIME
£ LAST TmMg?

Yes

—~
/

5T OHELLES

ON T7Ped

Ser veECTOR
~UvI COUNTER
TO PICKUP FIRST
$I1x VECTORS

! VECTOR MOVE
W ATER TO PICK=
W FIRST THREE

. S AND STORE

"My 5TH AND
H ITEMS

SET VECTOR MOVE
COUNTER TO PJCK=
UP LAST THREE
VECTORS AND STORE
s 1s7, 2NC AND
3RD 1TEMS

Ser B121 =
B106

?1!( s

PiIck uP veCTORS
AND AS30CIATED
TIMES AND

STORE
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F 146 - PROGRAM P FOR ORBITAL TAPE FORMAT-1

120 — 1
SE  COUNTER SET CUUNTER
TO PICX UF SET “OUNTER TO PICK UP
EARLIER FIRST ADJUSTERS TO LATER
TEm SHOW LAST MOVE 67 1TEmM
WAS BACKWARD

IS COUNTER
NEGATIVE?

HAS END OF
RECORD BEEN
REALHED?

[
> < to >
= THIRD TIME T
IN STORAGE 4t rime? g
=

YES
CONVERT 3RO
PoSITION 3:cron CONVERT UYTH PoOsITION
VECTOR TO CHIL aND
To CUL, aND 4 = marnd .
., TH VELOCITY VECTOR
THIAD VELOCITY so CuL/cut ure 35C-
vector To CUL/CUT 2

WORD RECORD

One 350- @

WORD RECORD

STORE VECTORS
{+N CANONICAL
‘r UNITS) AT
REQUEST TIME

()
IN0EX ON X
Tare cHECK? STORE REQUIRED TIME
AND 6TH TIME FOR
INTERPOLATION
NO \ H—
Ser exir

cHeek = O
FOR GOOD E€x1i7

Comrute J.D.

F 120
BackwARD
DiFFERENCE

CompPure J.D.

OF FIRST
OF 18T DATA INTERPOLAT I ON DATA ITEM
1TEM 5140
INTERPOLAT ION
FOR VECTORS
AT REQUIRLD
N TIME 118
SET COUNTER SET COUNTER 1O MOVE |
TO MOVE TiIMES ‘b TIMES AND VECTORS
AND VECTOARS 10 ——

TO STORAGE, LEAVING
STORAGL, LEAVING LONVERT POSITION SPACL FOR NEW
SPACE FOR NEW VECTORS 10 CUL

6rH 1TEM
18T 11EM AND VELOCIY

vECTORS TO CUL/.

t’'1CKeuP AND
SCT COUNTLR

Pick up ano - su. :o STORE (ECTORS AND
STORL VLCTORS anow :A:' novr TiME, AND MOVE
AND TiIME, AND wAS fOlVAlD. NEW 1TEM INTO
NEW 1TEM INTO CTH ITEM 5TORAGE

3T ITEM

. SRAGE
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F120 - BACKWARD DIFFERENCE INTERPOLATION %
(K = 6140) }g

I. PURPOSE: This function uses Newton's backward difference formula to

interpolate between six vectors from Orbital Tape Format-1, where to

is between the times of the third and fourth vectors.

@ (t) =YW =Y +UY Yn+9-“2”;—”v= yn+3(-"%%ﬂiﬂv3
. U{U+1) (U+2;)1; « o (U+n-1) v n Yn

> A W b DA R e T

- -1
where: VpYn = the pth backward difference of Yn =yP t Yn -Vp Y

iI. MEMORY REQUIREMENTS: 35 locations

I1I. USAGE: This function is entered with the command - F (X, Y, Z)

where:
X=g (to) = Yo (output)
Y = origin of this function
Z =Y
n
Z -10 = Yn_‘1
Z ~ 20 = Yn_a
interpolation table (input)
Z-3=Y
n-a
Z - 40 = Yn -
Z - 50 = Yn -
Q 00013 Interval between times in interpolation
table (CUT) 1
Q 00024 to, time of item for which to interpolate, Yo I
Q 00025 tn’ time of 6th item in interpolation table, Yr I
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D, MEMORY MAPS

Two types of memory maps are presented on the following pages; a master
memory map, and detailed memory maps. The master memory map is a list of
functions a;-] storage areas arranged in order of key numbers. Library Func-
tion (F) numbers nave been listed where available. Detailed memory maps are
included for the Executive Routine and the Constants Pool. Begin commands
are noted on the detailed memory maps with a slash; variable connectors are

indicated by a slash enclosed in parenthesis (/); W.S. indicates a working

storage locatiomn.
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"MASTER MEMORY MAP

From To PAGE | PAGE | PAGE
0000 0799 Executive Routine 9 82 A-1
0800 0878 0026 |Constants Pool for Master Orbit Tape 90 |B-2
0900 0999 Executive Routine 91

1000 1016 | F115 |Reduced J.D.S. to C.U.T. B-3
1020 1030 -- J.D. to Packed Date B-3
1035 1057 F149 Sign Change Determination for Z 21 B-3
1065 1093 F150 Interpolation for Z-zero 22 B-4
1100 1121 FO61 Sunlight Determination 24 B-5
1125 1149 rl153 Sunlight Ent. or Exit Determination 27 B-6
1160 1186 - Time (% of Orbit) in Sunlight 28 B-7
1190 1224 FO68 Sub-Satellite Point and Height 29 B-7
1225 1281 F152 N. Point - S. Point Determination 31 B-8
1285 1293 FO50 |Absolute Value B-10
1300 1334 - Type 1 Data Print B-10
1335 1372 - Type 2 (End-of-Pass) Data Print B-12
1375 1395 -- Type 2 (End-of-Fass) Data Compute B-13
1400 1413 F025 }J.D.S. to C.U.T. B-14
1420 1433 -- Packed Date to J.D. B-14
1500 1522 FO10 |Arc Tangent Y B-14
1580 1597 | FO055 | One-Word Load B-15
1600 16°5 FO33 Run ID Load and Print B-15
1645 1675 FO69 Round and Scale B—l§
1680 1691 | FO047 |Angle Reducer B-17
1700 1746 | F023 |Date Function R-17
1750 1767 | F106 |J.D.S. to J.D/H/M B-18
1775 1793 | F026 |J.D.S. to J.D/HM/S. B-19
1800 1834 | F022 |Day Count B-19
1840 1863 FO024 Obs. Date to Day Count from DREF B-20
1870 1890 | FO019 |Alphabetic Sign/DM/S, to Radians B-20
1900 1958 F064 Square Root Normal Matrix Sol. 35 B-21
1965 1981 | F066 |Matrix Normalizer 42 B-22
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MASTER MEMORY MAP

REQ}IJJ[?I:ESENTS FmégN FUNCTION OR TABLE rAME ggﬂ:T NTAZASRY CODE
From To PAGE PAGE PAGE
1990 2006 FO67 Matrix Clear 44 B-22
2015 2026 F065 Fitting Function Partial 46 B-23
2035 2086 -- Print Elem., Drags, end Earth Constants| 48 B-23
2100 2188 F012 |Vector Package B-2
2200 2226 FO11 |Arc Tangent y/x B-28
2235 2269 - lepler B-29
2270 2299 -- Tvpe 1 Data Edit and Store B-29
2300 2357 F00. |JAr~ Sine-Arc Cosine-Square Root B-30
2360 2389 FOO1 Sine-Cosine B-32
2400 2462 ¥059 Input Converter B-32
2470 2488 - Store and Write SPRF Tape Data Pecord 50 B-33
2495 2514 -- Write End Records on SPRF Tar.e B-34
2515 2599 FO74 |GSFC Element Print Functiom 51 B-34
2600 2648 - Master Orbit Tape Output 53 B-37
2655 2689 F147 Geomagnetic Latitude and Longitude 54 B-38
2700 2735| FO041 |R.A.M.S. Data Load 55 B-39
2745 2762 FO042 R.A.M.S. Data Search 56 B-39
2770 2775 -- Call BILM 58 A-1
2785 2795 - Set Sense Light 1 A-1
2800 2867 F148 Real Field Right Asc. and Decl. 66 B-40
2875 | 2892| -- |Compute GHAVE | B-41
2925 2940 FO18 DMS to Radians B-41
2950 2961 - Write SPRF Title Record B-42
2970 2977 FO31 Satellite ID Load B-42
3000 3070 FO62 Interval Core Dump B-43
3075 3098 FO63 Interval Core Dump Print B-44
3135 3284 FO04 |Menor; Print, uvutput Scale B-45
3285 3296 FO20 |H.M.S. tc Radiaus B-48
3300 3599 - R.A.M.S. Data Table

3600 3747 F151 Solar Ephemeris Tape Read B-48
3760 3788 F138 Everett's Interpolation 68 B-50
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MASTER MEMORY MAT

REQ‘{‘?;S;;NTS F Nuﬁ;:N FUNCTION OR TABLE NAME ggAf’;”T Mﬁ:‘g” CODE

From To PAGE | PAGE | PAGE

3800 3810 -- Initialize Sun Tape Read B-50

3820 3838 F110 Fortran Record Format A-12

3850 3862 - Write ORB3 Title Record B-51

3875 3890 - Write ORB3 End Record B-52

3900 3919 - Compute, Store ORB3 Spec. Pt, Data 69 B-53
Item

3930 2944 - Store, Write ORB3 Data Record B-54

4000 4070 - (Reserved for Switch Tape Assgn. F.)

4000 4799 - Storage for Page of Type 1 WMAP Data

5600 5950 - Storage for ORB3-SPRF Record

5960 5978 - Initialize Program P for Orb. Tape B-55
Format-1

6000 6137 F146 Program P for Orb. Tape Format-1 72 B-56

6140 6181 F120 Backward Difference Interpolation 76 B-60

6200 6550 - Storage for ORB1l Record

7000 25361 Machine language program

3000C 32768 M32 Support Systems
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CALL TRACING TABLE

This table may be used to determine the calling sequence of a given
bt function. For example, the first entry in the table shows that the function

at K = 0600 is called by the function at K = 1035, which in turn is called

é by the Executive routine (K = 0000). When a function is called more than
§ once from the same rcutine, only one entry is shown.
iy This Called This Called This Called This Called
i F. by F. by F. by F. by
E 0600 1035 1645 2600 2270 0000 2770 39200
E 0800 0000 1680 0000 2300 1190 2800 0000
% 1000 0000 1680 1190 2300 0000 2800 3900
i 1000 1035 1680 2875 2300 2515 2875 0000
% 1000 1065 1700 0000 2340 0000 2875 3900
B 1000 1125 1700 1020 2340 1100 2925 2970
§~ 1000 1225 1700 2600 2340 1190 2950 0000
' 1020 0000 1700 2875 2340 1900 2970 0000
1020 1375 1700 3930 2340 2100 3000 0000
1020 2470 1750 0000 2340 2515 3075 3000
1035 0000 1750 2270 2340 2655 3156 20135
1065 1035 1750 2600 2340 2800 3155 3075
1100 0000 1775 0000 2360 0000 3285 2700
1100 1125 1775 1375 2360 1100 3285 2970
1125 0090 1800 0000 2360 1100 3600 0000
1160 0000 1800 1840 2360 1190 3600 3900
1190 0000 1800 2470 2360 2235 3744 3760
1190 1225 1800 2600 2360 2515 3760 3600
1190 1375 1800 2950 2360 2655 3800 0000
1190 3900 1800 3850 2360 2800 3820 3850
1225 0000 1800 3930 2365 0000 3820 3875
1300 | 70000 1840 0000 2365 1100 3820 3930
1335 0000 1840 1420 2365 1100 3850 0000
1375 0000 1840 3600 2365 1190 3875 0000
1400 5960 1900 1225 2365 2235 3900 0000
1400 6000 1965 1225 2365 2655 3930 0000
1420 5960 1990 1225 2365 2800 3930 3900
1420 6000 2015 1225 2400 1580 4000 0000
1500 2655 2035 0000 2470 0000 5960 0000
1500 2800 2100 0000 2495 0000 6000 0000
1580 0000 2100 1100 2515 0000 6000 1065
1600 0000 2100 1100 2600 0000 6000 1125
1645 1335 2200 0000 2655 0000 6300 oC )
1645 1375 2200 1190 2700 0000 6000 1225
1645 2270 2200 2655 2745 2875 6140 6000
1645 2515 2200 2800 2770 0000
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MYSTIC STORAGE  MAP 0000
PROGRAM NO. _R 104
EXECUTIVE RQUTINE
0000
00 01 02 03 04
00 start Normal Error
Stop Stop
05 06 7
05 / / / 0 Overflow/ under-o8 / 09
flow go to B35
B 10 n 12 13 14
.0 / / / /
B ‘ 15 16 17 18 19
18 ) / / /
20 21 22 23 24
20 / / / / )
25 26 27 28 29
23 / / / / )
) 3 2 3 34|
30 / / / / /
35 36 7 38 k
35 / / / /
40 41 42 43 44
40 / / / /
45 46 47 48 49
43 / / /
50 51 52 53 54
50 / / / / /
55 56 57 58 59
55 +0. +1. +2. +3. +5.
60 81 62 63 64
0 +24, +60. +9. -1, +100.
. 85 % 67 68 &9
[} +10 +99999989 . +7. w.8, +16
least significant n 72 73 74
Lines/WMAP WMAP Page
70 ;mo change (“gn?m +6, page = 48 +15, Counter
m
75 76 77 78 79
18 -3, #geconds/day +.08 *seconds/CUT +.5
U.T. to 5,T. ® )l 82 . 83 No. of trics 84
80 ||conversion factor Solar Tupe Tepe check to read record
IDs } test = -]
=a 38 210
8 8 At on ORBL 8/ 88| Sun % for ORBJA 89
85 -99999909 . L} tape (CUT) rocord with no |
(7] 92 93| Wds./ORB3A data 94|
0| Wis./ORB3A data | Data wds./ORBIA |Data items/ORB3A | Wds./ORB3A data itom chat are
record = 358 data record m 253|/data record = 13 item = 21 f(t) = 16
95 9 97 98 99
L} v.8, +999999 +11 Round value
Notes: (/) indicates variable connector

* 4indicates a Q'd location
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MYSTIC STORAGE  MAP 0100
PROGRANM, NO. _R 104,
EXECUTIVE ROUTINE
0100
( 00 01 02 03 04
00 | *Degrees/radian *KM/CUL
05 06 07 |Scale factor for 8 Passes between 09

05 WMAP height Asc. Node monitor
=1000 | orintouts z 10 }
10 leg———Type of map flor fly page-—-*” 12 13 14
REF INED
15 16 17 18 19
15
20 21 22 23 24
20 Alphabe;ic one Alphabetic two Year of reference
= 91 = 92
25|-- Stlart date of run 28 |t Start 29
23 w.S.
year month day hour
time 30 -t nd date of run ] End 34
3 0 minute year month day hour
——. | Bnd ti
35 time 35 MOT search, m]}é-d_ Start tiMe 0f run e—————pe38 lgf——— BEnd time 39
minute output interval YYMMDD HHMM YYMMDD
0f run e—ee——e——tie-40 41 42 43 44
40 DM W.S, .S, W.S.
[
fetpemameee S tAT't tinr of TUN e——p=44 47 e End tim¢ of run ——————p-49
43 J.D, | se~onds J.D, seconds
50 Satellite I.D, SOE Year of 5 Days, Jan. 1 52 Day of 53 ')‘o 34
number 'g reference to day of ref. reference (radians)
55 56 57 58 59
5§ T —\ ! Satellite 1.D.
(radians) | number
81 62 63 64
0 Date (YYMMDD) from
80 (s Satellite name - Sat. L.D. card
66 67 68 &9
Ref. WMAP w.S.
$s w.8. w.8. v.s. \output option flag
70 71| ORB3A or SPRF 72 73 74
10 w.8, w.8. output option
. AVY- 2N
18 lg::“:::"::zm 751 ard time on ®| 3rd from last 7/ 78 Bnd time of 7
. ORBl Tape time on ORBlL tape run (CUT)
83 4
8o Satellite I,D, Reference date 8l 8
umber from ORBl from ORBl
Time of sun 2nd time in 8|interval between 8/ 68 89
83 |vector for which to| sun interpolation sun vectors
—intacpolate o tahla {CUT)
Time of ORBl 6th time in 9| 92 93 94
§ 0 || vector for which ORB1 interpolation
to_interpolate table
96 97 98 99
1] laICDonT1 Max., no, of ICD
0 = ICI" on printer cards = 10
Notes: * indicates a Q'd location
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MYSTIC  STORAGE

PROGRAM NO. B.104

MAP

EXECUTIVE ROUTINE

0200

0200
current WMAP|output time e———pm»{ Round value (2 03] Current WMAP 04
o. for seconds output time
J.D. Seconds = ,005 in C.T
05 g Position and|velocity vectors at current WMAP or O.T. output time 1
X Y Z J.( X
10 - - 1 '5. 12 Type 1 data 13 WMAP 14
z lines/WMAP page pass number
15| counter of lineslé|counter of linesi7 18 WMAP Z si 134
15 Type 1 data stored for left |[stored for right slen
storage counter nalf of page half of page change ind.
20 21 22| Pass no. for 23 Ird. to 24
d . print
29 +15. w.S. next on-line lfirst data on-1ine
monitor print
— Tine of a special point —mm26| Round value 27| Time of sun 28 Time of 29
23 for secords ent. or exit special point
J.D. Suconds = .005 in seconds in CUT
Jp— Position and velocfty vectors at time|of special point
30 . .
X Y 4 X Y
’s 3% 37| previous wMAP z 38| current wuap z ¥
i Z-1 Z1l
4 WMAP sun 4
evious WMAP i Current WMAP in
40 Previ “? i J entrance -~ exit 2 “ “
sun ind.-1 sun ind.1l ind
% of orbit 45 46 47| Time of start 4R Time of end 49
48| satellite was of WMAP pass of WMAP pass
ia sun in secs. insecs. 1
Time of 1st 50 Time of 1lst 5} Time of 2nd 52 Time of 2nd 53 4
5. sun entrance of sun exit of sun entrance of sun exit of
P pasgs (sec,) |WMAP pass (sec.) |WMAP pass (sec.) |WMAP pass (sec,)
55 56 57 58 59
55 w.s,
60 | agr—e——— ] — b2 63 64
s ] Frevious WMAP lat. Time of Lat.-1 Previous lat. diff] WMAP NP-SP
Lat.-1 J.D. -1 Sec.-1 WMAP diff-1 crossing ind.
é 66 67 69
¢5 SPRF record Type 1 data Type 1 data w.s
storage counter items/page items/pass *u
70 Full WMAP 70 Data items/ n Data lines/ 72 Counter of full 73 Lines/left 74
pages/pass partly full page partly full page pages printed half of page
18 Longitude 75 Geodetic 7 Height (Km.) 77 78 7
(degrees) Lat. (degrees) el -
81 82 83 84
8
.5 — Data at time|of WMAP Ascending Ffode, ready to be inted
YYMMDD hours minutes seconds fract. of seconds
80 pass no. longitude fract. of long. latitude fract. of lat,
95 96 97 98 99
] height - Data at time of WMAP North Point, rendy(COM)
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MYSTIC STORAGE  MAP 0300

PROGRAM NO. _R_ 10+

EXECUTIVE ROUTINE

‘?;'y:.
%’i‘i
& 0300
¥ 00 0) 02 03 "04)
%. 00| to be printed
¥
& 05 06 07 08 09
i 05 e {-ent~ Dta «t time of WMAP Descending Node,
;,1, 10 11 12 13 14
% 10 ready to be printe
3 15 16 17 18 19
& 15 —— e {entlf Cata at time of WMAP South
20 21 22 23 24
20 Point, ready to be|printed
25 26 27 28 29
2 ] —— - Data
X 3 32 33 34
30 ae time of first P sunlight entranfe, sready to be pripted
35 36 37 38 K4
33 r
40 41 42 43 44
40 |- Data at time of second WMAP sunlight entrance| ready to be printped
45 44 47 48 49
435
50 51 52 Sw.u‘ 54
50 et et Data 4t time of first P sunlight exit,
55 56 57 58 59
55 ready to be printed
&0 61 62 63 64
60 -l Datp at time of second
1] 66 67 68 69
(1] WMAP sunlignt exit] ready to be printh
N 70 7 72 73 74
70 —_ ]
75 76 77 78 79
15
80 81 82 83 84
’0
85 84 87 88 89
85
90 (2] 92 93 94
80
95 926 97 98 99
85
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MYSTIC STORAGE  MAP 0400
PROGRAM NO._R 101
EXECUTIVE ROUTINE
0400
09 MOT data 00 Blank lines o Data lines/ 02 03 04
line counter to end MOT MOT pag? = 47
05 MOT output es 06 07 08 09
page counter
10| Alphabetic satll| Alphabetic sat.12 Last 4 digits 13
10 ID for MOT ID for MOT of sat. 1D no. +60,000
fly page data page : :
Counter of 15 16 g Time of Drags from ORBL Title
15 drags w.s. J.D. =0 seconds round value = .5
Record —- 21 22 23 24
20 w.S, w.8.
YYMMDD HHMMSS
25 26 27 28 29
23
10 2 3 32 33 34
5 e ¢ Orbit thegry identification for fly page printohit
s -PE T. - NCO IT. -BRY
42 43 a4
4 R T. 1 -HST T.
‘5} 4 v @ Interval ¢ o
| nterva or
4 { R sub max 1 title record
50, 51 52 53 54
50 11 . Rsubminl | R schmax ) 12 R sub min 2
] ]
55{ 56, 57 58 59
L1 ] R sub max 2 13 ! R sub min 3 R sub max 3 I4
60 61 62 63 64
(1) R sub min 4 R sub max 4
[} 66 67 48 69
(1] / /
n 7 72 73 74
70 / /
75 76 77 78 79
18 / / /
® 8l 82 83 84
$0 / / / /
L1 86 [.Y4 88 89
(R} / / / / /
0 () 92 93 94
80 / / / / /
0 95 R 96 . 97 98 [
LR ‘k. *i' +1' +0, +U.
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MYSTIC STORAGE  MAP

0500
PROGRAM NO._R 101
EXECUTIVE ROUTINE —_—
0500
00 01 02 23 04
00 |lEpoch Time (CUT) a (CUL) e Nu (radians) T,
05 06 07 [s}:] 09
03 x, Y Yy Y, Y
10 n 12 13 14
10 r (CUL) v (CUL/CUT) & (radians) M (radians) < (radians)
15 T 17 BT 19
15 w (radians) i1 (radians) Q1 (radians) 8 (radians) N (rad./CUT)
N 0 | 2, 22 23 Ht. of 24
20 E (radians) & (rad /CUT) O (rad./cuT) Period (CUT) porigre (CUL)
Ht. of 25 26 27 28 29
23 apogee (LU} {
— . ¢
0] k]| 32 33 34
30 Tp.O Tp,l
35 3% 37 38 ¥
38
0 Times of Drags - T(P,Q)'s 43 "
4“0 .
N —
57 46; 47 48 49
H T
43 5 e p,19
’e L) 51 L 2 53 54
2,0 j N2l ! 1
551 56! 57 581 59
5 5 ! |
First Order Drag Coefficicents - N(2,Q)'s
60 r R ol Q 63 64
s
‘ % 67 ¢8 &9
(1] { N2,10
P c— ¥ :-;_YL
72 73] 78
10 ¥3.0 N3 1 | |
78 76 77| 78 7
" 8 d Ord D Coeflict N(3,Q)
| econ rder Drag Cocflicients - K )
"'— ' X 84
(1]
86 87 8 [
'8 N3,19
— | Dato and [ime of Epoch
" yoar month day hours mninutos
95 96 97 98
- . orihit theory
'8 (seconds) (1000) No. of T(P,Q)'s ident,
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MYSTIC STORAGE  MAP 0600
PROGRAM NO, _R 101
EXECUTIVE ROUTINE
0600
00 01 fresp Date and time of {epoCh —mmc——————
00 Year of ref. Days Jan. 1
-epoch Year Month Day
05 o 2 w.S. o 1 Date oiJ D )08 Seconds 09
elements U
Hours Minutes
10 10 1 12| pate of Epnch 13 Day count of 14
w.s. YYMMDD Epoch
15 R 16 . 17 . 18 . 19
15 N2 P (CUT/CUT) F (min/day) w (deg/day) 5 (deg/day)
20 22 23 24 -
20 Pe:igst:sm 2 (km) i (deg.) w (deg.) Q (deg.)
25 26 Error ind. 27 Error ind. 28 29 %
235 from NP-SP Det. F.| from Program P :
for ORBl F.
0 3 32 33 34 i
30 w.S. w.s W.S. W.S ;
35 36 37 38 ¥» :
35 ¥.S. v.s. Ww.s. i
0 41 42 43 44
40 /
45 46 47 48 49
45 / ) / / ’
50 51 52 53 54 ]
50 / / / / /
55 56 57 58 59
5% / / / / /
60 1 .
s0 1000 Words/SPRF 6 62 63 64
* * record = 350
85 66 67 48 &9
[} o w21 / / ) 3
70 7 72 73 74
10 ) / / / /
75 76 77 78 ) :
78 ) / / / /
80 B 82 83 84
80 / / / / /
85 - 86 87 88 89
X ] w.s, w.S, / / /
%0 L] 92 93 94
0 / / ) / /
- 95 % 97 98 %9
85 / / / /
Notes: (/) indicates variable connector

* indicates a Q'd location
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MYSTIC

PROGRAM NO. R_104

STORAGE  MAP

EXECUTIVE ROUTINE

0700

89

< 0700
; lea— Current MOT/ORB3A output time Round value for02 Time of MOT 03 Current MOT, 04
00 seconds = .05 data currently OR3A output
z J.D, seconds . in storage (CUT) time (CUT)
) 0S 06 07 ce 09
& 05 X v 2 MOT output
; time in E, T,
i 10 n 12 13 14
% 10
i‘;.
- 15 16 17 18 19
4 15 w.S, W.S. w.S. w.S, w.S
= 99! R=mat X 4 22 23 24
o distance in CUL
£ 25 26 27| 1 = WMAP/SPRF g 29
& 293 (1) = ﬁ: :omple‘:e; complete; 0 =
¢ = ncompiete incomplete
i 2
30 SPRF v OR3A 3 3 ORB3A data 3 ORB3A pass 34
item ID aumber
fgp——— Sat. pos. vector in km. (fpr ORB3A) =—e——foleh—— Sat, vel. vefctor in km/sec
’ s [ ] [ ]
X Y Z X Y
(for ORB3\) —7 4 |~ Solar| position vector in A, U, w44
‘ : s sy s
- Iy 47
45 Longitude Geocentric % of ORB3A 48 Year of last oaaaf
(radians) Lat. (radians) pass in sun data stored
50 R, radial %0 Longitude 51 Geocentric 52 53 B (Gamma) 34
distance (KM) (degrees) lat. (degrees)
55 Inertial Rt. 35 Velocity Rt. Velocity 57 Velocity 58 59
Asc, (degrees) Asc., (degrees) Decl. (degrees) Mag. (km/sec)
60 83 64
$0 R. (CUL) Geomagnetic Geomagnetic
0 Lat. (degrees) Long. (radians)
-] 66 67 68 69
(X ] L (CuL) B (Gauss) B/BO
79  Real riew 7 Real Field 7! 72 73 74
Rt. Asc. (degrees) Decl. (degrees)
75 76 77 78 79
1%
] 82 83 84
GHAVE
b
$0 (radians) F sub g F sub ¢ F sub R
1] 86 87 88 89
(R ] ERR = ,003
90 N 2 adds [2] 92 93 94
0, O
$0) *Camma/Geuss for write delay
96 97 98 99
85 Max. output Max. output Max. output L Max, output B Max, output B
|!, = 99.9 Rn = 99.9 and B/BO = 99.989 (Gamma) = 99999 (Gauss) = ,99999
Notes: * indicates a Q'd location




MYSTIC STORAGE  MAP K = 0800
PROGRAM NO. _R 104
0026 CONSTANTS POOL FOR
MASTER ORBIT TAPE
0800
00 01 02 03 04
00
05 0¢ 07 08 09
05 +1. +2. +4. -1, -2.
10 1 12 13 14
10 +60, +90.
15 +86400. 15 +806.832. 0 +297, 17 _‘/a 18 :6.2831853 !9
sec./day sec./CUT 1/F b= 21
—4
g gl * 7292115922070 20 +57.29578 21| iea78.388 22| L, . o B +67108864. 24
earth rotation deg./rad. KM/CUL ¢ = 2%°
g |[B (Polar rad. of 25 +2. 2 40015752 27 F 28] Motion of T in 29
earth in CUL) K, deg. of poly. | 26°26'34.795" flatness coeff. rad./CUT
+0 +0 32 13
1 1 34
30| sor man of (omw) T2, tolerance miles/CUL CUT/day min./CUT
35 36 37 38 39
3 5§ || (kM/CUL) (€UT/hr.) |(mi,/CUL) (CUT/hr.) i -7 -4
- Ul Vector . 43 U2 Vector
4 X=1 ! Y=0 . Z=0 X=0 Y=c0526°26'34.795"
R
45 ﬁ aT 4% 1/60 47 rad./hr 48 Rotation of eart'}?
2=31in26°26'34.795" ! hr./min, i in rad./cUT
+.12910638x107° 50 51 52 53 54
i +1.6093472 +3600. +15.
§50 | motion of T in | KM/mi . CUT/hr. sec. /hr. deg./hr.
rad,./sec. '
o5 55] - 561 +1. 57 +10° 58 59
! /2 { radius of earth (KM/CUL) (CUT/sec.)
in CUL Gamma/Gauss
Geoc. colat. of 60 Long of N 61 62 63 64
80 N Geomag.pole Geomag .pole (CUL/KM) (sec/CUT)
{in rad.) {in rad.)
66 67 68 69
(X
70 7 72 73 74
70
75 76 77 78 79
15
80 8! 82 83 84
80
85 86 87 88 89
L]
90 91 92 93 94
0
95 96 97 98 99
85
90




PROGRAM NO. B104

MYSTIC  STORAGE

MAP

EXECUTIVE ROUTINE

0900

0900
Previous ORB3|A output time om0l 2
06 eviou P 0 Previous ORB3A 203 Current ORB3A ZO4
J.D., -1 seconds -1 Z-1 Z1
05 || Previous orBaA 192 prev. 1at. a1£s08 07 pre“;"“: ORB3A 08| cyrrent ORB3A ind?
- nd, )
jat-1 ORB3A diff-1 sun ind.-1 sun ind. 1
10 0 11| ORB3A z sign - !2 ORB3A NP-SP 13| ORB3A sun entrance
change ind. crossing ind. -ex1t ind.
Time of start 15 Time of end 14 Time of 1st 7 Time of 1si g Time of 2nd 19
15 of ORB3A pass of ORB3A pass sun entrance of sun exit of sun entrance of
(sec) (sec) ORB3A pass (sec) | ORB3A pass (sec) ORB3A pass (sec)
Time of 2nd 20 21 22 23 24
20 sun exit of w.S. w.S.
25 ORB3A record 29 26 27 28 29
storage counter
g) K} 32 33 34
30 ORB3A regular sat. ORB3A Asc. Node | ORB3A North Pt. ORB3A Desc. Node ORB3A South Pt,
data item ID = 1 data item ID = 2 (data item ID = 3 |data item ID = 4 data item ID = 5
35 ORB3A sun ent, 5 ORB3A sun exit:‘lé ORB3A special 37 38 ¥
data iter ID = 6 data item ID = 7 [data item ID = 99
40 41 42 43 44
40
t
45 46 47 48 49
445 w.S. w.S W.S w.5 W.S
50 51 52 53 54
50 w.S. W.S w.s. w.S w.S
55 56 57 58 59
5% W.S.
60 g Dates and Times of Drags|{ from ORB1 Title Rgcord
YYMMDD HHMMSS YYMMDD HHMMSS
; 6o 66 67 68 59
6 ~_
70 71 72 73 74
1 \
75 M 77 78 79
18 L
80 81 82 83 84
80
85 86 Cya 88 89
.8 \
9 91 92 w 94
1) o
95 96 97 98 \——Z
$s
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i Bt € e (5

s 5

FOO1 Sine~Cosine ;
F002 Arc Sine - Arc Cosine - Square Root g
F004 Memory Print, Output Scale :
FOl0 Arc Tangent Y g
FO1l1 Arc Tangent Y/X %
FO12 Vector Package i
FO18 Degrees-Minutes-Seconds To Radians %
FO19 Alphabetic Sign/D/M/S To Radians P
F020 Hours—-Minutes-Seconds To Radians :
F022 Day Count

F023 Date Function ]
F024 Observation Date To Day Count From DREF p
F025 J.D.S., To C,U.T. ]
FO26 J.D.S. To J.D./H/M/S

FO31 Satellite Identification Load ;
FO033 Run Identification Load and Print

F041 R.A.M.S, Data Load

F042 R.AM.S. Data Search

FO47 Angle Reducer

FO50 Absolute Value

FO55 One-Word Load

FO059 Input Converter

FO61 Sunlight Determination

F062 Interval Core Dump

F063 Interval Core Dump Print

F064 Square Root Normal Matrix Solution

F065 Fitting Function Partial

FO66 Matrix Normalizer

F067 Matrix Clear

FO68 Sub~-Satellite Point and Height

F069 Round and Scale

FO74 GSFC Element Print Function

F106 J.D.S. To J.D./HM

F110 Fortran Record Format

F115 Reduced J.D.S. To C,U.,T,

F120 Backward Difference Interpolation

F138 Everett's Interpolation

Fl46 Program P For Orbital Tape Format-1

F147 Geomagnetic Latitude and Longitude

F148 Real Field Right Ascension and Declination

F149 Sign Change Determination For 2

F150 Interpolation For Z-Zero

F151 Solar Ephemeris Tape Read

F152 North Point - South Point Determination

F153 Sunlight Entrance Or Exit Determination

0026 Constants Pool For Master Orbit Tape
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E. SUBROUTINES USED (continued)

;T Fe e <

J.D. To Packed Date

Type 1 Data Print

Type 2 (End-of-Pass) Data Print

Type 2 (End-of-Pass) Data Compute

Packed Date To J.D.

Print Elements, Drags, and Eartb Constants
Time (% of Orbit) in Sunlight

%, Type 1 Data Edit and Store

' Store and Write SPRF Tape Data Record
Write End Records on SPRF Tape

Master Orbit Tape Output

Call BILM

Set Sense Light 1

Compute GHAVE

Write SPRF Title Record

Initialize Sun Tape Read

Write ORB3 Title Record

Write ORB3 End Record

Compute, Store ORB3 Special Point Data Item
Store, Write ORB3 Data Record

Initialize Program P for Orbital Tape Format-l

[

e frghs THRR
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F. ABBREVIATIONS

The following abbreviations are used in this routine.

AAMBZ

B/B

o
BSP
CUL
CcuT
cuv
DPLCL
DREF

EOF

FFDCL
FFRSN
GHA
GHAVE
GSFC
GMT

C
S

grwgm»—:n—«w-

MCOI1
MOT
NP
ORB1

ORB3-A , ORB3,
OR3A

Semi-major Axis of Ellipse

Longitude of North Geomagnetic Pole
Magnetic Field Strength

Ratio of Magnetic Field Strength to Equatorial Field Strength
Back Space

Canonical Unit of Length

Canonical Unit of Time

Canonical Unit of Velocity

Geocentric Colatitude of North Geomagnetic Pole in Radians
Date of Reference

Eccentricity of Ellipse

End-of-File

Real Field Right Ascension and Decliration
Real Field Declination

Real Field Right Ascension

Greenwich Hour Angle

Greenwich Hour Angle of the Vernal Equinox
Goddard Space Flight Center

Greenwich Mean Time

Hour Angle

Inclination

Integral Invariant

Output Interval

Interval Core Dump

Julian Date

Degree of Polynomial

Magnetic Shell Radius

Dipole Magnetic Moment

Mystic Coded Orbital Integrator

Master Orbit Tape

North Point

Orbital Tape Format-1

Orbital Tape Format-3A
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SPRF
U1, U2

-3

E £ D e

Period
Distance of Vehicle from Earth Center

Greenwich Hour Angle of the Vernal Equinox (Hour Angle of the
First ™oint of Aries)

Rewind

Satellite Position Vectors
Satellite Velocity Vectors

Geocentric Latitude in Radians
Longitude in Radians

Geomagnetic Latitude

Geomagnetic Longitude

South Point

Satellite Position and Real Field

Orthogonal Unit Vectors in ecliptic plane, expressca in the
inertial coordinate system. Ul is directed tuv the vernal
equinox and U2 is perpendiculE} to Ul in direction of posi-
tive longitude of the sun. -

Universal Time

Satellite Velocity Vectors

World Map
Inertial Right Ascension
Longitude of the Sub~satellite Point

Greenwich Hour Angle of the Vernal Equinox (Hour Angle of the
First Point of Aries) on reference date

Longitude of the Sun on Reference Date
Motion of ~

Right Ascension of the Ascending Node
Argument of Perigee

Rotation of earth in radians/CUT
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R 104 MASTER ORBIT TAPE ROUTINE

Lo anuek et YRR AR

III. OPERATING INSTRUCTIONS

BT M et e

This routine computes inertial, geocentric, and geodetic position data,
§ velocity data, and geomagnetic and real field data for a given satellite.
§ The da.a is computed at specified intervals “rom a given start time to a

given end time and i. written on one or more of the four BCD and binary

tapes.

Output always includes a BCD Master Orbit Tape (TI), and may optionally
include a BCD Refined World Map Tape (TD), and an Orbital ™ape Format-3A or
a Satellite Position and Real Field Data Tape (TCB).

The interval at which Master Orbit Tape and Orbital Tape Format-3A out-
put is computed may be varied with respect to the distance between the

satellite and the center of the earth.

1 A. REQUIREMENTS AND OPTIONS

A production run requires an R 104 system tape for an IBM 7090/94 (or
equivalent 32K computer with three channels). The systems tape is compiled
from an R 104 source deck and the appropriate CAMEO compiler. Other require-

ments include an on-line printer, six tape drives, and a card reader. Data

cards should be prepared as specified in Section III1 B2 (Input Card Formats).
Off-line card reader and printer are those required by the MYSTIC system

(Reference 1).

The start time in the data must be equal to or later than the time of
the third data item on the Orbital Tape Format-1l, and equal to or later than
the time of the second record on the Solar Ephemetis tape. The data end time
must be equal to or earlier than the time of the third from the last data
item on the Orbital Tape Format-l, and equal to or earlier than the time of
the second from last record on the Solar Ephemeris Tape. The R.A.M.S. Data

cards must include all dates for which output is to be computed.
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Optiens include the capability to:

1. Change initial and/cr computed constants (see description of the

Change of Constant card).

2. Print out areas of core in floating point form using Interval Core

Dump (ICD) cards.

3. Vary the interval between Master Orbit Tape and Orbital Tape
Format-3A output items with respect to the magnitude of the radial distance.
With this option, output may be obtained at smaller intervals while the
satellite is closest to the earth and may be completely omitted for any part
of the orbit that is of little interest. If output includes Orbi al Tape
Format-3A, however, the output intervals should be chosen so that there is
relatively little change in the position of the satellite from one output
time to the next. Such a choice is necessary if no special points are to be
missed and if their times are to be computed accurately. (See description

of Output Interval and Radial Distance card.)

4, Write an Orbital Tape Format-3A or a Binary Satellite Position
and Real Field Data Tape on Tape Unit B2 (see description of the Run ID card).

5. Write a Refined World Map cutput on Tape Unit C2 (see description
of the Run ID card).
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B. INPUT

Input is read from cards and tape.

by tables defining the input tape formats.

1. Card Order

Input cards should be in the following sequence:

a
b

C

Starting and Ending Time Card

Card formats are described,

followed

Initial Change of Constants card(s) followed by a blank card

Interval Core Dump card(s) followed by a blank card (if the

maximum of 10 cards is used,

Satellite Iduntification card

Run Identification card

the blank card is not needed)

Final Change of Constants card(s) foliowed by a hlank card

Output Interval and Radial Distance card

R.A.M.S. Data card(s) followed by a blank card

2. Card Format

Each card is first illustrated, and then described in a corr~=sponding

table. Formats are defined by various combinations of the characters S, D,

and A where
S
D
A

S

d

ign (+ or -)

igit (0, 1, 2,

. 9)

alphanumeric (0, 1, 2,

9 .

A, B,

e 2

o ()=:%/)

Field descriptions are self-explanatory except for two terms which nced fur-

ther definition:

Not Used

Leave Blank

indicates that a particular field is not read by the program

and may contain explanatory comments at the user's option.,

indicates that the program does read a particular field and

expects to find it blank.

99

- - — — ——



a.

Starting and Ending Time Card

4 T 1 15714 Y 7 /
9/ FEEBR//a 7
 monmn mamne M A7
‘r]m o ¥/ Hm YIMILD//‘H M / /. / /
0000000 00000000000?00000000 poojooooooco00000000000000000/00000
1234588 920 12 231 25(26 2712829 20 P1 32]33 34 35 36 37 3 J9M0 41 42 43 4564110405051szssussuwuannuiuuuun ®wwnn
1Hriin i (AR REERRIERERIIBERE!
2222222 p] STARTING AND ENDING TIME CARD  3,59929222022222]02222
3333333 b33§33333333333333333333333333333333333333333333333333
44444 4 4444 4[414 4 4 A 4 444444 4J4 4444484440 444440408/44448J44444
55 5(5555555[5555/555555535555555
/
Card l
Col. Format Field Description
1-7 Leave Blank
8-13| DDDDDD Start date of run:
8-9 Year
10-11 Month
12-13 Day
14 Leave Blank
15-18| DDDD Start time of run:
15-16 Hour
17-18 Minute
19-21 Leave Blank
22-27| DDDDDD End date of run:
22-23 Year
24-25 Month
26~27 Day
28 Leave Blank
29-32| DDDD End time of run:
29-30 Hour
31-32 Minute
33-39 Leave Blank
40-43| DDDD Refined World Map and Satellite Position ana Real Field
Data Tape output interval in seconds (also used as
search interval for Master Orbit Tape and Orbital Tape
Format-3A output)*
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a. Starting and Ending Time Card

(continued}

; Card
; Col. Format Field Description
; 44-62 Leave Blank
#
: 63-67| DDDDD Pass numher at the start date and time in Cols. S~18
: (may be left blank if output does not include Oroital
i Tape Format-3A or Refined World Map)

68-72 Leave Blank

*The search interval is used oniy when no Master Orbit Tape and Orbital
Tape Format-3A output is being computed. Radial distance is computed at
this interval until it falls within a set of minimum and maximum values
given on the Output Interval and Radial Distance Card. Output is then
computed at the interval corresponcing to the value of the radial dis-
tance.
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b.

and f. Change of Constant Card

CUkE

CUlil CANT
+

£
+

—- -
—_—
— .o
[
- o

44444

000000000

6780 910111213 2

IARRRREER

22222222222222
33333333333333

00¢C

15 16 17

11

oooco000000000C000600000000000000000000000000000000000060

1819 20 2122 23 24 25 26 27 28 29 30 31 37 33 34 35 36 37 38 J9 40 41 42 42 44 45 45 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 A% 66 67 68 69 70 71 72

11111 SRR RRRERRRRRRRR R
CHANGE OF CONSTANT CARD  1,,72222222222222222222

222212
3333333333333333333333333333333333333333333333333333333

AL 4444444444444 440444444444444444444444444444444444444

444304444

555595555555555555555956A53%

ard
Sol Format Field Description

1-5 DDDDD Core location to be changed

6~17 } SDDDDDDDDSDD | Constant in floating decimal form to be inserted above
18-72 Not used
Note: There is no limit on the number of Change of Constants cards that may

be included; however, the last Change of Constants card must be fol-
lowed by a blank card.
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b. and f. Change cf Constant Card

(continued)

Tie following basic constants may be changed using the initial Change of
Constant cards:

Location Nominal Remarks

00816 806.832 Seconds/C.U. ..

00822 6378,388 Kilometers/C.U.L.

00862 1 GM

00857 1 Equatorial radius of the earth in C.U.L.

00817 297 s 1/flattening coefficient

00820 .72921159X10_6 Rotation of the earth in radians/second

00850 .19910638X10 Tau dot in radians/second

00851 1.6093472 Kilometers/mile

00860 78.2 Geocentric latitude of the North geomagnetic pole
in degrees

00861 -69.0 Longitude of the North geomagnetic pole in degrees

00827 .40915752 €, obliquity of the ecliptic in radians (€ is used

in sunlight computations. Its nominal value is
equivalent to 23° 26' 34,795")

The following constants are computed from basic constants and may be
changed using the final Change of Constant cards:

Location Nominal Remarks

00828 ,0033670033 Flattening coefficient

00825 .996633 b, polar radius of the earth in C.U.L.

00823 .00672267 e?, where e is the eccentricity of the earth

The following constants may be changed using either the initial or the
final Change of Constant cards:

Location Nominal Remarks

00830 0 T 1, tolerance for [er | in sunlight computation.
(T 1 is used only if it is £ 0. If T 1 = 0, the
routine computes the tolerance for | rxU |, taking
into account the earth's oblateness)

00831 0 Tolerance for r*.U in sunlight computation

00108 1000 Scale factor b§ which satellite height is
multiplied for Refined World Map output

00002 none Key setting (decimal) of next routine on systems

tape which is to be executed
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¢. Interval Core Dump Card

( BESIN CORE //
comjmmo LOCAT | ON
START END
000000000000000000000000000000000000000000000000000000000000000000000000
123 4¢5(678 nmunmusununznmnzazsazmnmvJznunsa:ansmlouuuuum«mlszsasussosm»nlmuuuunuunn1
IRERRIIERRRI EERRIIREERER| (EESRRRRRRARRERRRRRRRR
\ n
2222222222022222(2222222 INTERVAL CCRE DUMP CARD 22222222222222222222122
33333333333333333333335333333333333333333333333333333333333333333333333ﬂ
AL4440aadaag el A444448444440448044048044040044044840404440444000048440 44
59 V”" 555555555555555555555555555
/ PP
Card
Col. Format Field Description
1-5 DDDDD Begin command at which dump is to be taken
6-10| DDDDD Beginning location of core area to be dumped
11-15} DDDDD Ending location of core area to be dumped
16-72 Not used
Note: A maximum of 10 cards may be used. A blank card follows last

card unless

10 cards are used.
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d. Satellite Identification Card

/ SAT DATE HOUR ANGLE LONG | TUDE / %
L | SATELLITE
D NAME %
Y H ml SEC o IM SEC // /
00000100 WOODUUPDOEDBOOOOUOHEﬂﬂ000000000000000000000000000000000000001
1234587 12 1314 15[18 1710 19 20[21 22 7824 25|28 2725 29 30]31 32 33 34 35 26 37 39 39 40 41 42 43 44 45 46 47 48 49 50 5) 52 50 54 55 36 57 54 59 40 §1 62 63 64 85 68 §7 60 89 70171 72|
IRBRRIIE !""‘L IR R R RERERERRRRRHE
22222122 22 SATELLITE IDENTIFICATION CARD 222222222222222222)22
33333133 333333333331333333333333333333333333333333333333333333333333M
44444044 44 Q4440444444 444444444400840484840400404044400404/414
V‘/ 5555sssssssssssssssssssssssM
/
Card Format Field Description
Col.
1-5 DDDDD Satellite identification number
6-11 .
DDDDDD Date of reference:
6-7 Year
8-9 Month
10-11 Day
12-20 DDDDDDDD Hour angle of the first point of Aries on above date
M)
12-13 Hours
14-15 Minutes
16-17 Seconds
18-20 Fraction of seconds
21-30 DDDDDDDDDD Longitude of Sun (To):
21-23 Degrees
24-25 Minutes
26-27 Seconds
28-30 Fraction of seconds
31~-58 Not used
59-70 | AAA...A Any alphabetic designation for satellite name
71-72 Not used
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€. Run Identification Card

RUN TOENTIFICATION RUN IDENTIFICATION

0000000v000000000000006000000000/00000000000000G6000000000000000C00

SI0MI21 141516 1718192020 2223 24 2526 27 2029 30 31 32 33 34 35 36 37 28 39 40141 47 43 44 45 46 47 48 4350 51 52 53 54 55 56 57 58 59 60 6162 63 64 65 36 67 68 63 70 71 12

IRRRRRRERRRERE AR RRRRRRRRRERRRRRE!
RUN iDENTIFICATION CARD

222 22222222222222 2222222222222222222222

3313 133333333333333333333323333333333333333333333332333333333333333)

444 444 AA4444404444440404440044°5044440480844430000480 04008004

/Jjjj 955555555/555555555555555555
~

Card
Col. Format Field Hescription
1-3 Leave Blank
4 A Punch for Refined World Map output on Tape Unit C2
Blank for no Refined World Map output
5-7 Leave Blank
8 D D=1 for Orbital Tape Format-3A Output on Tape Unit B2
D=2 for Binary Satellite Position and Real Field Data
Tape Output on Tape Unit B2
Blank for no output on B2
9-40| AAA...A Run identification to go on fourth data line of fly
page
41-72 | AAA...A Run identification to go on fifth data line of fly
page

106




g. Output

Interval and Radial Distance Card

//; i, Y R ; Is 2 R, . - /I A R ; ;
AT P Fen VIR 7 e ; Mt 2 2 3 P R3] Rea 3] TN 7 IR
N7 /I /A /
N R S e e o e e W X P R o e b e
mriipprirrym it
22222222222224 OUTPUT INTERVAL AND RADIAL DI STANCE CARD aala222220222222
333333333333333333333333333333333333h33333333333333333 333333333333
444444111LLALLL‘L“‘ A4 444444144444 4041444403/14444441444444 144444)444244
55)VL 5555[5(555555/555555 e
// — A Iy
gzié Format Field Description
1 Leave Blank
2-5 DDDD I1 Seconds
6 Leave Blank
7-12 DDDDDD R sub Min 1 Kilometers
13~18 | DDDDDD R sub Max 1 Kilometers
19 Leave Blank
20-23 | DDDD I2 Seconds
24 Leave Blank
25-30 DDDDDD R sub Min 2 Kilometers
31-36 DDDDDD R sub Max 2 Kilometers
37 Leave Blank
38-41 | DDDD I3 Seconds
42 Leave Blank
43-48 | DDDDDD R sub Min 3 Kilometers
49-54 | DDDDDD R sub Max 3 Kilometers
55 Leave Blank
56-59 | DDDD I 4 Seconds
60 Leave Blank
61-66 | DDDDDD R sub Min 4 Kilometers
67-72 | DDDDDD R sub Max 4 Kilometers
107




Note:

1. The sets of minimum‘radial distance (R sub Min), maximum radial

distance (R sub Max), and associated interval (I) given on this
card control the interval at which Master Orbit Tape and Orbital
Tape Format-3A output is computed. When the radial distance is
between R sub Min 1 and R sub Max 1, the output interval will be
I 1. Outprt will occur at interval I 2 for radial distances
between R sub Min 2 and R sub Max 2, etc. No output will occur
when the radial distance is outside all radial distance ranges
given on the card. At least one set of I - R sub Min - R sub Max
must be given. The rest of the card must be left blank after the

last set.

. If the output interval is to be constant, only one set of

I ~ R sub Min - R sub Max may bc given. R sub Min must be 000000
and R sub Max must be 999999, so that all radial <distances will be
within this range and all output will be at interval I.
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h, R.A.M.5. Data Card

ist

R.,A.M.S5.

2nD 3RO YTy V%
DATE R.A.M.S. DATE R.A.M,S. DATE R,A.M.S. /
0 G0 T A I 1) (0 L A 3 63 I D B A K 1 D R D I 7

33

R F R EAE

11

22l R.A.M.S. DATA CARD

33133(33p333333B3

33133133)333333

ealoaleaalaaloalealealealealeadins ‘"

sl 5 sss&sssssssslss 5

4

.F00008060l00
% IRONUEBNRNNNR
IBRRRRRERRERE
2212222222221222
3313333333333

dad444444444

Card Format Field 1
Col. e Description
1-6 | DDDDDD Date of R.A.M.S.:

1-2 Year

3-4 Month

5~6 Day
7-15 { DDDDDDDDD R.A.M.S. (or hour angle of first point of Aries):

7-8 Hours

9-10 Minutes

11-12 Seconds

13-15 Fraction of seconds
16-3C | DDD...D 2nd Jate and corresponding RAMS, same ‘orm as above
31-45| DDD...D 3rd Jlate and corresponding RAMS, same form as above
46-60 | DDD...D 4th date and corresponding RAMS, same form as above
61-72 Not used
Note: A maximum ot 37 R.A.M.S data cards may be used. A blank card

must follow the last data card.
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610504 1630 610504 1840 2060 nono2
611316104271418574510363004400 1961 NUJ S=15
1 1 R104 RUN TO GET M.0.T.» OR3IA¢r AND REFINED WMAP OQUTPUT

0060 000000007500 0120 007501999999
610503144236763610504144633323610505145029883

Figure 3. Listing of Sample Input Data Cards

3. Input Tape Formats

Tape input to R 104 consists of one BCD tape and one binary tape.
a. BCD Tape (see Figure 4)

Each recor¢ on the BCD Solar Ephemeris Tape {(Tabl.: 1) contains
a date and a corresponding solar posit »n vector (in astro-
nomical units). The solar position vector is referenced to an
equatorial coordinate sy: :+ ith the origin at the center of
the ecarth, the x-axis in the direction of the vernal equinox,
the z-axis along the North Pole of the earth, and the y-axis
forming a right-handed coordinate system. The time interval

between consecutive records is one day.

Table 1. BCD Solar Ephemeris Tape (TF)

CHARACTER FORMAT DESCRIPTION
1-8 DDDDDDDD Date of Solar Vector:
1-4 Year
5-€ Month
7-8 Day
9-18 SDDDDDDDDDS x-component of Solar Vector:
9-10 A.U.
11 Period (.)
12-18 Fraction of A.U.
19-28 SDDDDDDDD y-component of Solar Vector:
19-29 A.U.
21 Period (.)
22-28 Fraction of A.U,
29-38 SPDDDDDDDD z-component of Solar Vector:
29-30 A.U,
31 Period (.)
32-38 Fraction of A.U.
39-71 Blank
72 1 Solar ephemeris tape identi-
tfication number
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1961050340.7453720¢0.62279C0+0.2700R11
19610504+40.7339690¢0.,6344237+40.2751260
19610505+0.7223543+¢0.,6458759+40,2800919
19610506+0.7105311+40.657143640.2849778
1761050740.69K5026+,,668223640,28975:0
1961050840.686271540,679112340.29450%4
1961050940.67384174C.6890067+0,2991404
1961051040.6612165+40.700304640.3036918
1961051140.64%3997+40.7105395+¢0.3081560
19610512+40.63%3943¢0.7206912+40.3125318
1961051340.€222063+40.7305756+40.316H4178
19610514+0.609837940,740249740,32°C127
1961051540.595293940.749710540,32511%52
19610516+0.5815786+¢0.7589553+40,3291243
19610517+40.5676965+0.7679815+0.3330387
19610518+0.5536517+40.7767866+0.336R574
1961051940.5394489+7,.785368240.3405793
1961052040.525092440.7937242+40.3%42034%
19610521+40.5105867¢0.8014523+40.3477289
19610522+0,4959362+0.8097507+0.3511548
19610523+40,4811454+40,8174173+40.3544R802
1961N5244+0,4462187+40.832485C5+40.3577043
19610525+¢0.4511607+40.8320483+0.3608264
19610526+40.435975740.839009440.3633457
19610527+40.4206682+0.8457232040.3667614
19610528+40.4052425+0.9522148+0.3695730
19610529+40.389702940.8584564+0.372279y
1961053040,3740536¢0.8644552+0.374A8113
19610531+40,3582989+0,8702101+40.3773768
1661060140,36.4428+0.87571964¢0.3797656
19610602+40,326429440.8809823+0.3820474
19610603+40.3104428+0,8859967+0,3842213
1961060440,2964307340.8907613+41,3862869
1961060540,275087040.8952747+0.3882434
19610606+0,261786440-.8995353+40.390090¢
1961060740.26454100+40.,79035415+40.3918270
19610608+40,2289623+40.907292040.3934529
17610609+40.21744B8140.9107855+40.3949673
19610610+0.1958726440,9140206+0.3963699
19610611+40,179240240.9169962+0,3974500
19610612+0.1625563+40.°197115+0,3988375
19610613+40.1458260+40.9221655+0,39990138
19610614+¢0.12790543+40.92435177+40,4009527
19610515+¢0,112246240.926287440,4016899
19610616+40.0956067+40.927954340.4026133
19610617+0.0735410+0.9293581+0.4030227
19610£618+40.0616540+¢0,.9304386+0,4035179
19610619+40,044750740.9313757+0,4038990

P e e b bt Pt ph e e b Pt P e Bt S bR S b et Pt s b et bt o pet b b pa et gt Pt bt et bt PO b e bt b e b b e e gt b >es

Figure 4.

b. Binary Tape (see Pigure 5)

Listing of Sampie BCD Solar Ephemer.s Tape (TF)

Orbital Tape Format-1 (Table 2) consists of one binary title

record followed by one or more data binary records. The numke:

of data re:ords on the tape is a function of the time period

covered by tl.e tape and of the interval between data .tems

given in the data records.

Following the last binary data rec-

ord are two binary sentinel records, An end-of-file is the last

record on the tape,
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Table 2. Orbital Tape Format-1 (TEB)

WORD NUMBER WORD CONTENTS 4=J
e
Binary Title Record Format
1 Form of data identification = 76796291
2-3 Satellite identification
4 Date U.T.
5 Day Count of Year Start Time of Satellite
6 Seconds of Day Data
7 Date U.T.
8 Day Count of Year End Time of Satellite
9 Seconds of Day Data
10 At, interval between satell.te data items i~ seconds
11-26 Run identification data
27 Date Coordinate System
28 Day Count of Year Reference Data Time and Position
29 Apparent Sidereal Time in radians
30-32 Spares
33 Ky (C.U.L.)"2
34 K, (c.u.L.)"8
35 K, (C.U.L.)™*
36 K (C.U.L.)"8
37 J (C.U.L.)2
38 H (C.U.L.)"S
39 X (C.Uu.L.)"¢
40 L (C.U.L.)"5
41-79 Spares
* 80 Cq, atmospheric drag parameter
* 81 Area of satellite in cm.?
* 82 Mass of satellite in grams
83--8¢ Spares
*c 90 Complementary perturbations indicator
(= 1 indicates comp. pert. were used in determining orbpit
= 0 indicates comp. pert. were not used)
* 91 Lunar perturbations indicator
(= 1 indicates lunar pert. were used in determining orbit
= 0 indicates lunar pert. were not used)
* 92 Solar perturbations indicator
(= 1 indicotes solar pert. were used in determining orbit
= 0 indicates solar pert. were not used)
93-100 Spares
101 t,, epoch time (C.U.T.)
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Table 2. Orbital Tape Format-l1 (TEB) (cont.)}

WORD NUMBER | WORD CONTENTS
e = — —

h

Binary Title Record Format

i02
103
104
105
106
107
108
109
1.0
111
112
113
114
115
: 116
117
118
119
120
121
12

123

124
125
126

127-130
*%131-150
**151-170

*%171-190

191
192
183
194
195
196

197
*% 198
199

a, semi-major axis at t, (C.U.L.)
@, eccentricity at t,

v, true anomaly at t. (radians)

X Satellite position

y g vector r at t, (C.U.L.)
z

X Satellite velocity

y z vector T at t, (C.U.L./C.U.T.)
z

r, magnitude of r at t; (C.U.L.)

t, magnitude of ¥ at t, (C.U.L./C.U.T.)

Angle § at t, (radians)

M, 1ean anomaly at t4 (radians)

Qs orbital azimuth at t;, (radians)
w, argument of perigee at t, (radians)

i, inclination at t, (radians)
), right ascension of ascending node atl t, (radians)
Satellite velocity vector angle at t, (radians)
n, mean motion at t, (radians/C.U.T.)
E, eccentric anomaly at t, (radians)
@, rate of change of argument
of perigee at t, (radians/C.U.7T.)
(), rate of change of R.A. of
ascending node at t; (radians/C.U.T.)
P, period at t; (C.U.T.)

Height of perigee at t, (C.U.L.)
Height of apogee at t, (C.U.L.)

Spares

.o i dra icients JULT.
tp,o, tp,l’ tp,ls’ times of drag coefficie (C.U )
n2,0’ n2,1’ "'n2,19’ first-order drag coefficients

(radians/C.U.T.?)

.. s d-order drag ccefficieats
n3,0’ n3,1’ ns’19 econ g

3
Yoar (last 2 digits) (radians/C,U.T.”)
Month

Day Date and

Hour Time of Epoch
Minute

Seconds x 1000
Spare

Number of t q's in words 131-150

’
Spare
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Table 2. Orbital Tape Format-1 (TEB) (cont.)

WORD NUMBER WORD CONTENTS

Binary Title Record Format

200 Indicator of theory used to compute orbit

(= 1 indicates PE orbit generator

2 indicates Gill Integration orbit generator
3 indicates Brouwer orbit generator

4 indicates HST orbit generator)

201-350 Spares
Binary Data Record Format
1 Date i Time of first satellite data
2 Day Count of Year item = t
3 Seconds of Day
4 At, interval between satellite data items in seconds
5 Spare
6 % satellite Position
7 Y Vector in km,
8 z Satellite Data
9 X Item
y Satellite Velocit

10 Y Vector in km./sec¥

11 Z

12-305 492 other Satellite gata items at times t+ut, t+24t,

t+30t, ...t+494¢
306-350 Spares
Binary Sentinel Record Format

1 999%9999

2-350 Irrelevant

Notes:

1. All words are in floating point form.

2. Date = Day + 100 (Month + Year (100)). (Example: Feb. 10,
1962 at 2 hours is recorded as 620210 in date of data, 41 in

day count of year, and 7200 in seconds of day.)
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Notes for Table 2 (Cont.)

The satellite position vector is referenced to an equatorial
coordinate s;stem with the origin at the center of the earth,
the x-axis in the direction of the vernal equinox, the z-axis
along the North Pole of the earth, and the y-axis forming a

right-handed coordinate system.,

Reference day data of apparent sidereal time is obtained from

"The American Ephemeris and Nautical Almanac' for a given year.

The last valid data item is followed by an item of 9's, If the
last valid data item fills a record, a data binary record foli-
lows that contains 9's in words 1~8. 9's are equal to 99999999

in floating point.

K2, K3, K, and K are respectively equal to D. Brouwer's
notation of ko, Az, ks, and Ag for the 2nd, 3rd, 4th, and

5th harmonics of the earth's potential.

J, H, K, and L are respectively the notation used in the Gill
Integration Subroutine for the 2nd, 3rd, 4th, and 5th harmonics

of the earth's potential.

If the Gill Integration orbit generator was used to compute the
orbit, word 151 contains the first-order drag coefficient p;

and word 152 containe the second-order drag coefficient p,,

Indicates a word which is relevant only if the Gill Integration

orbit generator was used to compute the orbit.

Indicates a word which is relevant only if the PE or Brouwer

orbit generators were used to compute the orbit.
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FLOATING PCINT BINARY TAPE CuMP

FLUATING

350 GC1 000GO  000VLO 000

61131000 05
6£10504C0 06
83760000 06
83778538 0¢
610427C0O 06
00000000 00
16232843-02
11787662 01
-560602C3 CO
90332958 00
50264304 00
131571C0~02
00000000 00
000000C0 00
0000CCCO 00
50000000 01
n00000CO 00

1240C0CO 03
18142308 04
~713330C4 04
17980575 01
-62419527 01
~-1R616461 01
~26878454 04
-59610756 02
-76383771 04
24514912 01
-62740627 01
-93228314-01
-19383441 04
-1930311% 34
-761453¢66 04
291173939 01!
-58R0B4C1 O1
16213214 01
~10569155 04
-36715833 04
~708N430C6 04
31670441 01
-51070911 01
31974600 01}
-10522367 03
~51707104 04
-607980319 N4
32114343 01
-40012549 01
4560G19R4 01
85336340 03
-637296208 04
-446788164 04
30427560 01
-26161128 01
56385644 01
17549942 04
=70662978 04
~796489¢9 04
26625189 01
-101250%6 01
63621264 01
25363693 04
~T3174474 04
-104666C5 04
20776710 01
731455233 00
66502420 01
31365622 04
~T042R6134 04
94429750 03
130438C3 01
25283412 01
64658726 01

00009000 OC
12400000 013
67658300 08
74858300 06
11700000 03
54109499-02
00000000 OC
84561018-01
-61297063 0C
49644636 01
38163812 01
-81206238-~03
000C0000 CC
00000000 00
00000000 OC
40000000 01
10000000 01

5R800000 05
~31530992 04
14456824 04
-72765718 04
19433430 01
-62843744 01
-1508133% 01
-25513673 04
-¢78725991 03
-1 T-~7T170 Q4
26574815 01
-62280744 01
25687109 0C
-1770678) 04
-272927229 04
~75474777 04
29794519 01
-57550179 01
19501206 01
-87019119 03
~39941296 04
~69158249 04
31929123 01
-49108834 01
34894049 01
ATIRISTE 02
-54325736 04
~-5R291467 04
31947543 01
-37447775 01
42008621 01
104CI950 04
~651306494 04
-4357903R 04
29835084 01
=-23107249 01
50139230 01
19228R47% 04
~71670329 04
=25917486 04
25615653 01
-6T1R4070 00
64580240 01
26727803 C4
-13054002 04
~64953905 03
19373490 01
10931767 n1
56627566 01
37298221 04
-69233361 04
13410050 04
11295297 01
?R821755 01!

PCY T BINARY TAPE DuUMP

£105040C C6
67800000 05
67636438 08
768413300 05
37479090 01
22849999-05
00000000 00
18808502 01
56954610 00
17128512 01
~A4468275-01
RO412104 O1
00000000 00
0000C000 20
nooconono 00
14000000 02
0000000C 00

60000000 0?2
-29073484 01
-30497500 04

1072909C 04
-739868234 04

20815053 01
-63084931 01
-11537852 0Ot
=24076993 0¢
-81565473 01
~7691A71% 04

26595980 01
-~16%4002 01

60405510 00
~16982112 0&
~264R9650 04
~74A01968 04

10384932 01
~56163564 O

22727334 01
-6811%510 03
-43061106 04
-67323483 06

32103050 01
~47017627 01

37721986 01

?R0O95A28 03
-56R00645 04
~55630395 04

31695396 01
-347755%9 01

50296145 01

12264360 04
-6H6T8Y5RS 04
-402%2088 04

29158153 01
~19970950 01

59745258 01

20884740 04
~T227857% 04
=2215327% 04

245264R87 01
-32605743 00

65363%A 01

28014%R7 04
-7272C%64 04
=-?25046117 03

17896153 01

14628256 0}

6n450331 01

33133707 04
-67823312 04

17314946 04

94867141 OC

1240C000 013
6£000000C 02
76796200 06
77848300 08
©00N000C 00
79612497-06
0c0N0000 00
-871104%6 (2
72596790-0}
49644636 0]
78137306 0C
76731070-01
connonoo 00
0000000C 0C
00Cc00000 OC
2600C000 02
30000000 01

61050400 06
-61011223 0!
=25620726 01
=-29374750 C4

69703329 03
=74999202 04

22123570 01
-63146044 01
=799293%7 00
=775%3329 04
-11907971 04
~-T686949F 04

27517382 01
-6NH63943 01

9464762986 N0
-1421643%46 04
-29981502 04
~73530227 04

30899984 01
~54592206 01

75885559 01
-69031261 03
-46067180 04
-653227717 04

3721920CR 01
~44801R1S Ot

40453056 0]

«7T31878% 03
-§9125007 064
-572821499 06

3113579¢7 01
-32000227 01

£245R450 01

1408266% 06
-68268045 04
~36815644 (04

27397180 01
=18757R75 01

61198182 91

22422359 04
-727R413] (4
~1R306461 04

731353954 01

24121371-01

65945036 01

29219443 04
=721720%3 04

14032234 0)

1747182 01

1P125R!S Ot

66065995 0]

3138672174 Q4
-66199982 06

21164983 04

RECORD MUMPER Q001
0nnol 76796291 08
00006 58800000 05
00Cl11 79847500 06
00016 91380085 08
00024 00000000 00
00031 00000000 00
00016 231199999-06
00101 £1399844 03
00106 60702777 00
00111 12016707 01
0olle 30236133 01
00121 17972031 01
00126 2808N148 00
00131 A1399844 013
00151 12366977-07
nolal 61000000 02
00156 naonNooon 0n

RECART NUMPER 00002
noocel 610460400 06
00006 <-6969'992 04
00011 16458594 01
00016 -61807530 01
00021 =-22131%595 J1
0026 =2R166958 04
000131 31916390 03
00036 -75797800 04
00041 23357312 U1
00046 ' -6303018° 01
0NNR1  ~445652921 0N
00056 =21007225 04
00061 -15626790 0%
00066 ~T6611064 L&
00071} 2A358120 01
00076 ~599141R5 01
000°1 12863239 01
000AH =-12408243 064
00091 ~-33393055 0¢
00096 ~72263049 04
00101l 31327284 01
0C106 =-52900023 01
oottt 78949932 01
00116 =29017219 n3
00121 =-4P951906 04
00126 =-63143815 064
0n1131 32195809 01
00136 =42455350 0!
00141 43081580 01
00146 66416071 C3
NO151 =61292222 04
00156 =49871631 04
00141 30935249 01
00166 =29127191 1
on1TL 54490168 01
00176 15827878 0&
00181 =-69560766 04
001RA  ~37278%84 0
oulal 27552680 01
00196 ~=13473620 0!l
o020l 62492026 "1
00206 23926958 04
00211 =730R3711 Ga
0N216 ~14407322 04
0022t 221064083 01
00226 37792870 00
0n231 66379837 01
00236 30337989 04
00241 -T1408276 D&
00246 §4865145 03
00251 14728787 01
00?2456 21714394 01
00261 65470141 O1
00266 144P5913 Q6

Figure &.
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Listing of Sample Orbital Tape formet~1 (TEB)




nnz21tl -643A5374 04 3499 +B0 N4 63628035 01 3?318Cck8 01 76217138 0O
02 ¢6 264346130 04 ~6232 168 04 35399520 04 62375202 0} 35759395 01
002l 57042427 00 20645378 04 ~6N0TS5K45 04 386P31173 HLORITHGO O
00286 39123329 01 17409165 00 3224920% 04 ~-57628428 04 35847577 04
00291 9173549 N1 42426549 0| 17347939 0C 35743953 04 -549R86399 04
00?96  35R9055%4 04 57261933 01 45625238 01 -30776099-01 37115977 04
903C1  -%2155636 04 35810C38 04 55102650 01 4R715133 Ol -23805973 00
QFCORN NUMRBIP 00003

00001 61050400 06 124000C0 03 61800000 05 ANDONOOC 02 61050600 06
NO006 42351959 04 -49142797 04 35604381 04 52716301 01 51681842 0]
JN0L1  -44772623 00 454376R) 04 -45956345 04 36272424 06 50105314 01
00016 545037472 01 -65901428 00 48360070 04 -42604754 04 36813392 04
00621 47272602 01 57183847 01 ~AT117397 OC 951105989 04 -39077716 06
026 34227008 04 442722614 01 59688712 01 -10833R824 01 53662507 04
00041 =-35445863 04 33513503 04 40961202 O1 62008R20 01 -12947663 0]
00036 56017191 N4 =316607CT7 D& 32673638 (04 3749%679% 0} 641 2RTRY N
00041 ~15044074 01 58158038 04 ~-27754747 04 31708752 04 33834988 N
00046 660333189 01 -17113410 O 60073840 04 =-23740305 04 30620647 06
00051 293813279 01 6770027 01 -19145RS3 Q01 61753479 04 ~15634260 04
00056 29412082 04 25971677 01 69138129 01 -2113G625 01 63187221 04
000K1Y ~15449511 04 28084126 04 21795690 01 70310432 01 =-23057310 01
00066 64366057 04 -11202444 04 26646571 04 17477152 01 71212483 (1
00071 -24915151 01 65281332 04 -690945130 03 25097RRAK N6 130AISOR O
00074 71832988 N1 =266932R0 01 £592790R 04 =-25R813449 03 23445180 N4
00uLEl A4B38978 0N 72162061 01 -283808R4 01 6£29R82617 06 17441871 03
0NNB6 21694020 04 38485338 00 72191411 01 -29967472 01 63498474 04
00091 60688692 C31 19851148 04 -B494B02RB-01 71914550 01 -31442362 01
000096 66175495 04 10367619 04 17923388 04 -55871622 00 71327008 01
NOLO1 ~-32795782 01 657176R% 04 14621709 04 15918314 04 -10339970 01
00106 70476457 31 —34017366 01 64956902 04 18812339 04 13844049 04
00111 ~-150P2491 01 69212842 01 -35101453 01 63908539 04 2292078A 04
00116 11769129 U4 —197RAT?T 01 47688575 01 -36037214 01 625P1418 06
00121 26973963 04 95225817 03 -24432841 01 65858203 01 -3681RR64 0]
00126 60 3363 04 3I0RLTA90 04 77940818 02 -2R987538 01 63729425 01
00131 =-37440456 01 59105364 04 36570361 04 _ 50337169 03 -3342728C 01
00136 61311815 01 =37897467 OL S6970101 04 38169393 04 27439712 03
00141 =-37726657 0] 58617531 0! -3R186543 01 45817064 046 41598843 04
00146 45446953 07 -41861263 01 55660961 01 -38305646 01 51950777 04
00151  44R643446 04 -1R43C5K2 03 -45807868 01 52458651 01 -3R254078 0]
001ss 490RRY4S N6 GTRB8I9ILS 0& =-61326197 03 -49545174 01 40P HATE O
00161 -3P032456 01 46009984 04 30722777 04 -64036032 03 -530492518 01
00166 45391878 01 -376428733 01 42727903 04 53332390 04 -P6462649 01
00171 =-56312427 01 41569437 01 -37088488 01 13925R049 04 55707677 04
N0176 -1085084R 04 -59309148 01 37584058 01 -34£372081 N ALV LE8 Ne
nntel 57830564 04 -130079146 04 -A2022295 01 33459237 01 -35504900 01
00186 31820512 D6 59720402 04 ~15i0R379 04 -64461820 01 29219082 01
00171 =344PRCTA 01 27887293 04 61343999 04 ~17143610 04 -FA59R148 0}
0019s 248R7880 01 -33331143 01 23834510 04 2705732 04 ~19105633 04
00201 -68432270 01 20689473 01 -272042439 01 $Q68174Q 04 63802061 04
00206 -?209864413 04 ~69960034 01 160648715 01 -30%31375 01 15445520 04
00211 64631263 04 -22779152 O« ~T1180146 01 11588591 Gl -29107527 01
00216 11145833 )4 65192807 04 -74477297 04 -72093288 01 713177C1 00
nne2l -27480990 C1 680048C1 C3 A54R7606 04 =-26075035 04 -72702201 01
00276 26998968 00 -25762125 01 24275968 03 65517754 04 -27567i36 04
00231 -734011469 Ol -16P64594 00 =23961449 01 -19554515' 03 £5286563 04
on? e -21947137 04 -73027373 01 -60084062 0C -22083326 Q{ -¢£33n3R83) N3
00241 64798446 04 -302167ST 04 -12157703 01 -10247069 O} -20156611% 01
00246 ~10680792 04 64058931 04 -31366929 04 -72211576 Ol -14386327 01
0V2st 18173627 01 -14990393 04 HK3074425 04 -323368B07 0& ~71399225 01
002%6 =18411047 01 -16149838 01 ~13263%47 04 61852217 6 -33304301 04
00261 ~T70331797 01 -22307543 01 -14095588 01 -23425274 04 A0400381 04
00266 =~340RTBSC 04 -5£9021274 01 -26063538 01 ~12020067 01 -27521909 N4
00271 SRT2747%4 C& =34746520 04 -67479817 01 =-29648%92 01 -993200¢ ° 00O
00276 =3151RR47 0& S56R432¢4 04 =3I52T7968BT 04 -65720828 01 -33112644 N)
0021 ~TR40391Y 00 -354041%6 04 5478576437 04 ~35ABT7443 064 -63757336 N
002496 -363R7423 01 -57529287 00 -39165R10 04 S248J368 04 ~35I0273 04
00291 -610602723 01 -394R6483 0] -36T772892 0C -42792R01 14 SO0022781 04
00296 -3A129036 N4 =592 (0416 01 -42403917 N1 —16204990 00 ~4A62 T48E0 N4
a03nl 47395711 04 -36165244 04 -S6TTITRS 01 -4513006&7 01 GIOETRYH-N]
RECORD NUMRER 00002

00001 61050400 06 12600000 03 A4RCO000 05 £0000°C0 02 A1C506L0 N6
00006 -43607550 N& 44610663 03 -3IK0R04?A 04 -54126 ,2 Gl -4T767TA241 )
0no11 24107524 NN =527674173 N4 41678218 04 -3%876579 04 -%1340081 01
00016 -50024961 01 43737111 Q00 -55761094 04 IALI1196 Q4 -34956472 1 N4
00021 ~4R423110 01 -42118370 0Ot 62961845 0C -5A57K633 C4  3A84207R9 (4
00026, =-151223315 0& -45405346 01 -5413%6957 01 PLATAGRE 00 =6120T7651 N6
000131 3211RR09 N4 -345173%7 04 -427280966 (01 -5%°9RPART 01 Qa0 9RIRG 0O
UN036 -6364R496 04 2BT169R6 04 -339246RS 04 -39067690 Ot -S74647732 0]

Figure 5. Listing of Sample Orbital Tape Format-l (TEB) (cont.)
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BIARDS! 11756791 31 -A5894160 04 25227019 04 -33147749 04 -35T776901, V]
000 ~SHB53A4 (1 13464966 D1 -67940831 04 21660410 06 -32310075% 04
0Nngt ~37419239 n1 -60011891 01 15111337 01 -697F3517 04 18079306 04
000%6  -21355645 04 -29005940 01 -60935735 01 16692682 01 -71420289 04
ua06 1 164344881 N4 -3030R342 04 -285544R21 Ol -€1788990 01 1P20A584% 01
0006 =~72°4R38A 04 10618537 04 -27172294 04 «27051683 0Ot ~6239393} 0}
nonTy 19680719 01 ~74065%936 04 AB861479]1 N3 -279851T741 04 -1P2529P95 )
noo0Te  -62813102 ni 21023077 N1 =-75071607 04 30R47713 03 -?2hA651052 94
a90e ] =14393472 01 -6304G92P7 01 22321660 01 -75864679 04 -TC10R995 07
ONNRY,  =252714548 04 -11441693 D1 -63105456 01 73545111 . . ~Th644693 04
O0NIL —4484AK1K2 0 -2382T7077 N4 —TRY26285 OC ~-f 29841734 01 21616175 N0t
00096 -T6BI19648 06 -A2556673 03 -223131%92 04 -43505Ck6 00 ~4267061%9 0]
0Nl 259762200 01 ~-76967113 €& 12303949 04 20737477 04 -B2419RB0~01
0010A  -022725884 01 26749564 01 -T76911314 N4 ~15719352 D4 -1910483R 04
00111 2ERNN63S 00 -615946713 01 27658773 0) ~7¢646A111 04 =1939196KR Ny
00116 -17420072 C4 61547155 00 ~-6080N0224 N1 2064801955 0) -76173435 04
00121 -23012492 04 ~-15687973 04 95931897 0C -S9R4A1R4 01 2923342+ O
0N126 -T75475768 04 -26570728 04 -13913542 04 1729880P2 01 -587136401 0}
nn1il 29897370 01 -746156F6 04 ~3ND057805 04 -12101R854 D6 16333226 0}
00136 =-97474527 01 30478293 01 =73536706 04 -33464697 N4 -10257R13 04
0nl1e] 19622263 01 ~5606435R 01 30975698 01 ~T2267743 04 -3K782620 04
00146 -~-P3RAGLALLT 0 22849004 01 -54%09725 01 31389162 01 ~T1079A3IBT (6
00181 -60003058 04 =&4S278f]1 O3 26007618 (8] -52814502 01 1718329 0
00156 -69143020 N4 -63117657 N4 ~45819111 03 29091533 01 -509R2630 01
00161 3196.900 01 -6T3067P3 04 -4511RA42 04 -268RT092 03 32095814 C?
Noles -49017R890 01 32122643 01 ~€ 13293043 04 -4R99T5A8 D¢ <T78461793 02
no1m 365013864 N1 -46724722 01 32197336 01 -63106939 04 -51747136 N4
00t s 12032945 03 37840278 N1 -44707064 01 2186864 11 ~60754135 04
NOLIPL  =-54360023 N& 31320714 03 4C569411 01 -42349100 0O 32091147 01
001°% -5R240634 06 -56R29132 04 50525548 03 43199633 N1 =39916114 0]
on1al 31910134 01 =8855728M% N4 -59147617 04 AG796079 03 45713321 01
10196 -373494529 01 31643862 01 -52757010 Q4 ~-61303148 04 RP4032](87 (3
q02C1 GR1I1T7T136 01 -34676561 01 31292362 01 -498C0RS55 04 -63306979 04
nNo206 10713195 046  504009P0 0! -31901432 (1 30RS5846 Ul =46£711400 04
00211 -~-65135362 04 12549332 04 525%9%)7 01 =-2902°672 01 30334403 ()
NN216  -43496342 04 -66TRES4S 0% 14351644 N4 54581130 01 -2A061286 0)
unz2i 271728559 C1 -4C16363H C4 -nB261167 04 16115060 04 SHA4TRIQR 01
0022+ =-23010454 01 ?903R473]1 Q01 =-3£T721838 04 -A954K125 064 17834567 (4
0n231 QR2270R2 01 -19F76557 0] ¢ CK5552 01 ~33179087 04 -710644T771 D4
0nNz2ie 19505294 N& 59828293 Ul -1606402? 01 274C7382 01 -29545221 04
0N241 =~T71546473 046 21121244 04 612758¢8 01 -13382323 01 2665174 01
0024k =258727248 04 —-T/7749317 04 22679755 04 62964204 01 =10036376 O
nnz2s1 295446417 0L =22040014 0N& ~T2749635 04 246173052 04 63IBATTEYS N1
007%6 -66327399 N0 26344274 0] -181902642 04 -T30441TR D4 25579427 04
00261 656640879 01 -317R8263 00 23162427 01 -14287636 04 ~-731130117 04
00266 26951733 04 65417952 01 31978259~01 21902154 01 -103643R49 06
nn2r1  -13005051 Na 28226093 04 66013457 01 3RS3ITP4C 00 205649731 01
00276 -636944939 03 72667020 04 29418086 04 66421990 01 T415872¢ 0O¢
00281 19152288 Y =23767376 03 -T12114710 04 30522989 06 666IRISO 0]
002hs 109967513 01 1166440 01 16729795 03 -T1347176 04 13153165913 N4
00291 Hh656835 01 145881312 01 16109444 01 S6178332 03 -71N3640492 04
002906 32454708 N4 66473064 01 18180454 01 146481762 01 125954655 )
00301 =-+2165710 0« 33273291 04 66082230 C1 21763338 01 12712192 1
RFCORD wuMBFR 000NS
00001 A1NS0400 DA 124000C0 03 67800000 28  &0006000C 02 61050600 06k
00006 135643333 04 -067752897 04 3398RA4LA6 04 65479850 I 25326419 N}
00011 11037850 01 99299737 08 99999999 08 99999999 O0R 9994999yq QP
onpl s 19999999 DR 99993919 0P -55761094 O4 19411196 04 =-3555K42) 04
0N021  -49429110 Q1 =5217RR20 0Ll 62941845 0OC -58876633 04 35420789 Ne
0N02%6  -3517272335 04 -45409346 01 -564135357 01 B16T66R8 0N -61207651 04
0NoayL 1211R807 0646 -345773157 04 -42280966 01 -5SRIBBPT 01 9989HIRC NC
0003 ~6H364809h/ N4 2RTLEVPE D6 ~319246A% 04 -3906TH0 NI =-5T4661792 )
0004 LI7A731 N1 -650941&0 04 252727079 04 -33161749 U4 =451 T6906 DO}
Q0N46  ~-SARISIL4L O 134649¢6 N1 =67940%31 04 21660410 Y4 -3231007H D4
N00%1  -32413239 01 -600011891 01 15111337 01 -697813517 0« 1RO29306 06
0008/ - ¥1385864% N4 -29005340 01 -60995735 01 FHAIAAD Q1 -T14°078 1 V4
000§ 14346681 04 =-3ID30R%2 04 —-25546821 01 -61788990 01 IP20KHR O]
NCNEH  ~723442a8 N6 106YPSAT 04 =29172294 04 -220514A3 U1 -62313941 0}
09071 15620717 01 =-74065234 04  6R61479]1 03 -27951741 04 -1#4%29R89% ()
0007s -A2813102 N1 21023027 Ol -75071607 04 3I0R4T7713 03 -2K651057 04
000PY -14990472 01 -630492R7 01 22321660 01 =-75R64679 04 -701NR95 07
00NHe -2527/54F 04 -11441699 01 -63105456 01 23545111 0) =-764444633 04
00091  ~64n4p162 03 =23027077 06 ~TRBQ2K285 00 -62984734 01 24591675 01
nonan - TAB1T1948 N4 -A?2556623 03 -22313152 04 ~463509066 00 -A26004145 01
on1ny 25760200 01 -76967T113 04 -12003979 04 =20T737411 04 -RI2419R8N-01
00106 =-062D225K44 N} 26749566 01 -76911314 04 ~15717352 N6 -191C4R3IR N4
0onl11 26900635 0N 615346133 0] 2765A77Y 01l ~7R64A111 04 -1939196F 04
Figure 5. Listing of Sample Orbital Tape Format-1 (TEB) (cont.)
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00116 17420072 D& 61567155 10 -60800224 01  2F4BAKISS 01 -761734134 04
nNN121  =-23N12492 04 ~-156078¢9 04 95931897 OC -59846184 01 79233426 0)
00126 ~75%495768 064 -26570778 0« -13913%642 04 12988C82 01 -5R736401 ©1
201131 29897370 J1 -T746158k6 04 -20057805 04 -12101R854 04 16333226 01
00136 =%7474527 01 30478293 0 -73536906 N4 -33464637 06 -10257813 04
00141 19622263 01 -56064358 01 30975678 01 -72262443 04 -3678262C 04
00146 ~83864463 03 22849004 01 -54509725 01 31383162 01 -T7C7I6387 06
00151 ~4000309%5 04 -643278F1 03 260CT7418 01 -52814502 01 31719329 01
001%A =€9143C20 O =43117657 N4 45819111 03 29091539 01 -S0982630 0]
00161 31962900 01 ~AT3067P9 N4 - “4118642 04 =£S8T7CH2 03 132095P14 NI
0166 =49017890 01 32122643 0) - " 293043 N4 -4RIFTSH6R 04 -72R66793 02
ocl1Tl 15013864 01 467247722 01 32197336 01 -A3106939 04 -5174T7136 04
00176 17032945 03 37840278 0! -44707064 01 321868A4 01 -60754135 N4

0ON1f1  -S43K/0023 04 31320714 03 40869411 € 2363100 01 32091142 0]
ND0186 -58240634 04 -56829112 0a 50525548 .  -513%633 01 -319915114 01
00171 31710134 01 -65572BCS 04 ~H5914TF17 O34 09596079 03y 45713321 01
0019¢  ~-373¢9629 N} 3164382 01 -S27157 0 N+ -61329148 04 RR4RIP?IR 03
ng2ni GARLITLIA D1 -34A765F)1 01 31292362 01 —-49R0085S 04 -63306979 04

00206 10713195 04 50400920 01 -317301432 0. 30A55946 01 -46711400 04
00211 -651353152 ¢4 12549322 04 52597517 0Ll -29028672 01 30314483 01
00214 ~43496342 04 —~66T8R545 04 14351544 C4 54587130 0) -260A328A N1
00221 297728559 01 -40163656 04 -68261167 04 16115066 04 56478198 01
N0226 -230104%4 01 290384721 01 -36721R38 04 -63548125 04 1TAI4567 T4
00231 SP2270872 01 ~19R75577 01 2R264552 01 -13173C0R7 C& -T7C6H44TT1 04
00236 19505294 U4  S9IB2B2R8 01 ~1h664022 01 27407382 01 -29544%221 04
00241 =~T71546K473 04 21121944 N4 61275828 01 -13382323 N1 26467765 01
0N246 =-258729248 04 -T72249317 04 22679755 04 62564204 01 -10G36374 01
00251 25446417 01 =2.040714 04 ~T2749435 04 24173R52 04 +A3687765 01
00256 ~66327339 00 24344274 01 -1R1490242 04 -T3046178 04 255939420 064
00261 64640RT9 01 ~317826F(3 00 23162427 01 -14287636 04 -73130117 ¢4
0nN26é 26951733 N4 65417992 N1 31978259-01 21302154 01 -10343R¢79 04
00271 -7300%051 04 28226077 04 6H6013457 01 38537240 00 2056493 0]
00276 ~63694999 03 ~T2667070 04 234 (R0B6 N4 H6421990 01 T418872P 00
no2rt 1915228R 01 -237617926 03 =T72114710 04 30822989 06 6639190 01
no2r6 1099695, 01 1766€440 CL 16229795 03 -71347176 C4 315316591 04
002491 LH656L35 01 1458r312 01 16109444 01 H61THE3IR? 03 70364097 04
00?296 372454708 06 66473094 0' 18180654 U1 14483762 01 35954654 03
00301 -6916ST10 04 33273261 N4 KAOR2730 01 21763338 G1 12792197 01

RECOPR NUMREP 03006 FND SINTINFI 99999999
THF ¢ND

Figure 5. Listing of Sample Orbital Tape Format-1 (7EB) (cont.)
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C. SET UP AND RUNNING PROCEDURE

1.

Requirements

IBM 7094 (32K, 3-channel), six tape drives, on-line card reader, and
on-line printer,

2. Tape Assignments
Table 3. Tape Assignments
ASSIGNMENT DESCRIPTION DISPOSITION
A-1 System Tape File
A-5 Blank for Master Oxrbit Tape - (TI) List Program Control
File or Release
B-2 Blank, Orbital Tape Format-3A (if used) File
or Satellite Position and Real Field
Data Tape (if used) - (TCB)
B-3 Orbital Tape Format-l - (TEB) File
B-4 BCD Solar Ephemeris Tape (used only if File
Orbital Tape Format-3A is used) - (TF)
Cc-2 Blank for BCD Refined World Map Tape List Program Control
(if used) - (1ID) File or Release
3. Card Reader
Reads input data cards; uses standard (Col. 1-72) SHARE board.
4, Mn-Line Printer
No special paper, loop, or board requirements,
a. Normal Messages - Refer to Section I1I D1
b. Error Messages - Refer to Section III D1
5. On-Line Funch
Not used.
6. Console
a. Sense Switches - Not used.
b. Input Keys - Refer to AOPB Systems Manual if this is not the
first program on the system tape.
7. To Start
CLEAR and LOAD TAPE,
8. Program Stops

a, Normal Stop - 00002

b. Error Stop - 00003

c. Emergency Trensfer - (06100) Dumps locations 00000 through
07100 in floating point decimal form on ‘ape unit A-5., No end-
of-file is written after the dump.
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D. OUTPUT

1. On-Line Printer

The on-line printer is used .0 write run identification data and

monitor data, and to describe the nature and cause of a program stop. There

are no special board, loop, or paper requirements. A sample on-line printout

is illustrated in Figure 6.

a. Normal Printouts

The normal program printouts are;

(1)
(2)
3)

(4)
(5)
(6)
&P
(8)

3

(10)

Initial Change of Constants cards, if any

Name of routine and identification ot orbit theory used
Indication that output is to include Refined World Map
data and identification of the orbit theory used (occurs
only if output includes a Refined World Map BCD tape)
Satellite identification number and name

Start and end dates and times of run

Columns 9-72 of Run Identification card

Final Change of Constants cards, if any

Heading line, followaed by a line giving Refined World Map
data for the start time of the run (occurs only if output
includes a Refined World Map BCD tape)

Heading line, followed by lines giviag Refined World Map
data for the first ascending node of the run and for
every nth ascending node thereafter. (Nominal value of
n = i0) (Occurs only if output includes a Refined World
Map BCD tape),

End-of-run indication

b. Error Printouts

1f an error stop of 00003 occurs, one of the following eig:t

messages will be printed.

(1)

FIRST WORD OF TITLE RECORD ON TE (NORMALLY B-3)

IS NOT ORBl

The tape on logical unit E does not have the format of
an Orbital Tape Format-1l, Check the label and density

of the tape and restart the run.
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(2)

(3)

(4)

(5

(6)

P

(8)

REF. DATE ON ORB1 TAPE ON TE DOES NOT EQUAL DATE

ON SAT. ID, CARD

The reference date on the Orbital Tape Format-1 on logical
unit E is not equal to the reference date on tmne satellite
identification card. Check the label on the tape and the
order of the input cards.

START TIME OF RUN IS TOO EARLY FOR ORB1 TAPE ON

TE (NORMALLY B-3)

The start time of the run must be equal to or later than
*he time of the third data item on the Nrbital Tape
Format-1. The start time of the run must be changed or
the tape must be remade so that this condition is met,
END TIME OF RUN IS TOO LATE FOR ORB1 TAPE ON TE

(NORMALLY B-3)

The end time of the run must be equal to or earlier than
the time of the third from last data item on the Orbital
Tape Format—-1. The end time cf the run must be changed
or the tape must be remade so that this condition is met.
WRONG ID', ON SOLAR PERT, TAPE ON TF (NORMALLY 5-4)

The t~pe on logical unit F does not have the format of a
BCD Solar Ephemeris tape. Check the label and density

of the tape and restart the run.

TAPE CHECY. ON BINARY ORBl TAPE ON TE (NORMALLY Br3)

Ten unsuccessiul attempts have been made to read the next
record on the Orbital Tape Format-1l on logical unit E
without a redundancy error. Move the tape to another
drive and restart the run, or remake the tape.

TAPE CHECK ON BRCD SOLAR PERTURBATIONS TAPE ON TF
(NORMALLY B-4)

Ten unsuccessful attempts have been made to read the next
record on the Solar FEphemeris tape on logical unit F with-
out a redundancy error. Move the tape to another drive
and restart the run, or remake the tape.

NO R,A.M.S. DATA IN TABLE FOR v.D, = Xxxx

Correct thc R.A.M.S. data cards so that they include

R.A.M.S. deta for all output datss,
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MASTER CREBIY TAPE —BRWR.T.
REFINED WURLU MAP —BRWR.T
61131 , 1961 NU $-15
FROM 6105C4 1630 TO o1C504 184C
R104 RUN TO GET M.CoT., OR3A, ANC REFINEL wFAP QuTPUT

THE PAS, NUMBER COMPUTED FOR THE STARTY TIME OF THIS. MAP IS 00002
DATE 610504

HR MI LONG.DEG LAT.CEG 1CO0h.KM
16 30 084.3255-12.6976 01719183

YRMODA HR M] S$S5.SS PASS LONG.DEG LAT.DEG 1COOH.KM
ASCENDING NCDE 610504 16 .. *2.68 C00003 105.9811 C0.0000 01704485

THE END

Figure 6. Sample On-Line Printout
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2.

Output Tape Formats

Tape output consists of two BCD tapes and two binary tapes.

a.

b.

BCD Tapes

Sample listings of the Master Orbit Tape (TI), and the Refined
World Map Tape (TD) are given in Figures 7 and 8, respectively.
Binary Tapes

Binary tape output consists of either Orbital Tape Format-3A or
the Satellite Position and Real Field Tape on TC. The formats
of the two tapes are described in Tables 4 and 5, respectively.
Sample listings are given in Figures 9 and 10. Each of the
binary tapes consists of one binary title record, followed by
one or more binary data records. The number of data records on
the tape is a function of the time period covered by the tape
and the intervals between the data items given in che data rec-
ords. Following the last binary data record are two binary
sentinel records. An end-of-~file is the last record on the

tape.
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MASTER ORBIT TAPE -BRWR.T,
51131 , 1961 NU $-15
FROM 6105C4 1630 TO 610504 1840

R1C4 RUN TU GET M,0.T,, OR3A,
AND REFINED wMAP OUTPLT

RiJ4 RUN TO GET M.C.T., UR3A, AND REFINED wMAP OUTPUT

1D.NO. REF.DATE LAMBDA HMS TAyY UMS SATELLITE
61131 ol 04 27 14 18 57450 036 30 04399 1961 NL S-1%

DATA FROM ORBITAL TAPE TITLE RECORD

EPOCH 61 05 04 14 26 0CO00

X Y 2 X 00T Y 007 L uur
-87110656 00 60902777 00-56060203 00-61297063 00-6595461U0 00 72596790-01
A € { M CFEGA THETA
11787662 01 86561018-01 50264304 00 17128512 0l 30836133 01 38l63elz Ol

ORAG EFFECTS T{P,Q} N(2,Q) N(3,Q)
610504 142600 123669177-07 00000000 0O
EARTH CONSTANTS My ROTATICN RADIUS FLATNESS
1000000C 01 58835124-01 1C000000 01 33670033-0¢
HARMONICS
K2 K3 K4 KS

5610949903 22849999-05 79612497-06 23199999-Cé

J H K L
16232849-02 00000000 OC 0COQ0OCO0 00O 00000000 0O

00060 000000 007500 00120 007501 999999 00000 000000 00VLOO CO0N00 000000 QUOOOUY

MAGNETIC FIELD COEFFICIENTS
JENSEN AND CAIN COEFFICIENTS FOR 1960

Figure 7. Listing of Sample Master Orbit Tape (TI)
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DATE
MMDD
0-Gs
0204
050%
0504
1506
0504
0504
U504
0504
0504
0524
U504
0504
0504
0504
0504
2504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
05Ce
0504
0504
0504
0504
0504
0504
0504
0506

TIimME

HH MM

1630.0
1632.0
1634.0
1636.0
1638.0
1640.0
1642.0
164%.0
1646.0
1648.0
1650.0
1652.0
1654.0
1656.0
1658.C
1700.0
1702.0
1704.0
1706.0

GEQCENIRIC
LUNG. LAT.
084.326-12.632
v89.022-10.0177
093.605-07.«56
098.107-0%.790
102.558-02.093
106.990 00.618
111.433 03.327
115.9519 00.021
120.48" 0B.64d1
125.147 11.24%1
129.952 13.830
134.928 16.217
140.105 18.606
145.512 20.787
151.177 22.787
15717 24.5170
163, 346 26.09%
169.862 27.31?
176.652 ¢8.198

otsr.

008097
0C8124
008145
008158
G08l164
0CH162
008153
008134
ocsiiz
0Cu082
008044
008000
007950
007894
007833
007768
007694
007626
007552

1708.0-176.317
1709.0-172.724
1710.0-169.089
1711.0-165.420
1712.0-161.725
1713.0-158.013
1714.0-154.293
1715.0-150.572
1716.0~-146.860
1717.0-143.162
1718.0-139.487
1719.0-135.840
1720.0-132.224
1721.0-128.643
1722.0-125.100
1723.0-121.59%6
1724.0-118.130
1725.0-114.703
1726.0-111.311
1727.0-107.953
1728.0-104.626
1729.0-101.3¢25>
1730.0-098.046
1731.0-094.785
1732.0-091.537
1733.0-088.2917

1734.0-085.060-01.538
1735.0-081.820-03.449

28.690
28.719
28.759
28.62%
28.3176
28.0C9
27.524
26.921
26.2C0
25.363
264.413
23.353
22.188
2ve923
19.562
18.113
16,582
14.976
13.303
11.570
09.785
07,957
06.064
04.2C4
02.296
00.3179

007476
007438
00740C
007363
007325
007288
007252
007217
007182
0C7149
0C7116
007085
007056
007028
007002
006978
006956
006936
006918
006903
006890
006879
006871
006866
006863
006863
006865
006870

INER.
R.A,
194.14
199.34
204.42
209.43
214.38
219,31
224.26
229.25
234.3)
239.48
244.78
250.26
255.96
261.85
268.01
274.45
28L.18
288.20
295.49
303.03
306.87
310.70
314.47
318.62
322.58
326.55
330.53
334.49
338.44
342.36
346.26
350.13
353.9¢
357.7%
001.51
005.22
008.90
012.54
016.15
019.73
023.28
026.81
030.32
033.82
037.31
040.80
044,29

VEL.VECTCR
R.A.

215.7
282.3
289.2
296.1
303.1
310.1
317.1
324.1
331.0
337.7
344.3
350.8
357.1
003.3
009.3
015.3
021.1
026.9
032.7 03.0
U38.5 00.2
047 .5-01.9
Ne - 03.5
v -05.1
02 .6-26.7
052.5-08.3
056.6-09.9
059.7-11.4
062.9-13.0
06641-14.5
069.4-16.0
072.8-17.4
076.2~-18.8
079.7-20.1
083.3~21.3
086.9-22.5
090.7-23.6
094.5-24.6
098.4-25.5
102.3-26.4
106.3-27.1
110.4-27.7
1164.5-28.1
118.6-28.5
122.8~28.7
126.9-28.8
131.1-28.8
135.3-28.6

24.9
26.3
271.5
28.3
28.7
28.8
28.5
27.9
26.9
25.6
23.9
22.0
19.9
17.5
14.9
12.1
09.1
06.1

DECL.

VEL.
06.7
06.7
06.7
V6.7
06.7
GC6.7
06.7
Q6.7
06.7
06.8
06.8
06.8
06.9
Co6.9
07.0
07.0
07.1
07.2
07.2
07.3
07.4
07.4
07.4
07.5
07.>
07.5
07.6
07.6
07.6
07.7
07.7
07.7
07.8
07.8
07.8
07.8
07.9
07.9
07.9
07.9
07.5
07.9
07.9
07.9
07.9
07.9
07.9

GEQMAG.

RI LAT.
01.%50-23.1
01.46-21.0
0Ol.42-18.7
01.39~-16.3
G)l.36-13.8
01.33-11.2
01,31-08.5
01.29-05.7
01.28-03.0
01.27 00.2
01.26 02.6
01.27 05.4
01.27 08.2
01.28 10.9
01.30 13.6
0l.32 to6.1
0Ol.34 18.6
0l1.37 20.8
01.39 22.8
01l.42 24.06
01.43 25.4
0l.44 26.1
01.45 26.7
01.45 27.2
01.45 27.6
01.45 27.9
01.45 28.0
01.45 28.1
Ol.44 28.0
0l.43 27.8
0l.41 27.5
01.39 27.1
Ot.38 26.5
01.35 25.8
01.33 2%5.0
01.31 24.1
01.28 23.0
0l1.26 21.9
01.24 20.6
0l.21 19.3
GiaedS 179
01.17 16.4
01.15 14.8
0l.13 13.2
01.12 11.5
0l.11 09.8
01.10 OB.1

REAL F.
L
Vi.433
Ul.381
01.334
01.294
01.750
01.234
01.215%
01.293
vl.198
01.199
01.205
01.216
01.230
Ul1.247
01.267
01.290
01.315
01.342
0l.369
G1.393
01.404
0l.413
0l.420
01.425
01.427
01.425
01.421
0l.413
01.402
0).388
0:.371
01,352
Ul. 332
01.309
01.237
Ul.263
0l.241
01.219
0}.199
vl.181
Uie.ids
01.151
01.140
01.132
01.126
0l.123
o1.122

61131 196l 124

8
20569
20202
197178
19334
18911
18551
18289
18150
16144
18266
18500
18825
19220
19669
20168
20721
21346
22062
22886
23825
24336
248069
25420
25983
26550
27L11
27656
281175
28656
29088
29460
297062
29987
30128
30183
30150
30033
29835
29561
29218

LYY ¥
28812

28346
27825
27249
26621
25942
25218

B/BU

01.942
01.707
01.508
D1.344&
01.214
01.1138
©1.052
n1.013
01.000
01.009
01.039
01.085
01.147
01.224
01.318
01.429
01.5%9
o1.711
01.883
02.068
02.163
02.253
02.337
02.412
02.474
02.%19
02.545
02.551
02.534
02.496
02.438
02.362
02.272
02.170
02.052
Ul.951
01.841
01.735
0l.634
01.%43

1 s€o
Cl.55%

0l.386
0l.322
oL.267
0l.22¢C
01.179
Ol.144

.4

187.6
194.0
200.1
206.2
212.4
219.0
221.0

2992

048.3
05%6.4
062.8
ves.7
G74.4
079.9
085.5
u91.0
09%96.7
102.6
L08.8
115.4
118.9
17%2.5
126.1
129.9
133.7
137.5
i6l.5
1465.4
149.3
153.3
157.2
16l.1
164.9
168.06
172.3
175.8
179.2
182.5
185%.6
188.4
i%i.1
193.6
195.7
197.7
199.2
200.3
200.6

P.001
DECt .
33.8
©0.?
47.3
55.0
63.2
71.8
80.7
89.2
dl.3
12.8
64.7
27.7
50.3
46.1
38.4
33.13
28.6
26.5
20.9
18.t
17.0
16.1
15.5
5.1
15.0
15.3
15.8
16.6
LT.7
19.2
20.9
22.9
25%.2
27.86
30.7
33.8
37.1
40.6
&6.3
48.2
S2.1
56.1
w0.2
64.3
68.4
72.5
76.8

Figure 7.
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CATE
MDD
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
0504
S0«
US04
0504
0504
0504
Us04
0504
0504
05U«
0504
0504
0504
0504
0%04
0504
0504
0506
0504
0504
CH04
0504
0504
0504
504
U504
G504
0504
0504
0504
NaDe

END

TIM#E GEOCENTRIC
HHMM LuNG. LAT.
1736.0-0718.572-0%.342
1737.0-07%.313-07.21"
1738.0-072.036-09.047
1739.0-068.736-10.84!
1740.0-065.4'4-12.586
1741.0-062.06¢-14.2174
1742.0-058.678-15.897
1743.0-055.260-17.449
1744.0-051.808-18.921
1745,0-048.320-20.3C9
1746.0-044.797-21.605
1747.0-041.241-22.8C5
1748.0-037.694-23.90¢4
1749.0-034.041-24.857
1750.0-030.405-25.780
1751.0-026.753-206.55?
1752.0-023.091-27.21¢C
1793.0-019.425-27.752
1754.0-015.765-28.180
1755.0-012.117-28.463
1756.0-008.490-28.692
1757.0-004.892-28.780
1758.0-001.331-28.759
1800.0 005.655-28.4C6
1802.0 012.420-27.666
1804.0 018.931-26.576
1806.0 025.169-25.1177
1808.0 031.130-23.511
1810.0 036.822-21.617
1812.0 042.261-19.530
1814.0 047.470-17.284
1816.0 052.476-14.907
1818.0 057.308-12.426
1820.0 061.998-09.862
1822.0 066.576-07.236
1824.0 071.074-04.565
1826.0 075.523-01.866
1828.0 079.954 00.845
1830.0 084.399 03.5%53
1832.0 088.888 06.243
1834.0 093.453 08.898
1836.0 098.125 11.501
1838.0 102.938 14.032
1840.0 107.922 16.467

DiIst,

006874
0Co348
066901
006916
006933
006953
006975
006995
007025
0C7052
007082
0071t/
007144
007174
007212
007248
007284
007320
007358
037395
007433
UCT7471
007509
007564
007658
007729
0077917
00786C
007919
007972
008020
008061
008096
008124
008144
008158
008163
008162
008153
008137
008113
0os082
008045
008001

INER.
R.A,
047.79
051.30
054.83
058.38
061.95
065.55
069.19
072.86
076.5%6
080.30
084.07
0o87.88
091.72
095.58
099.47
103.3+
107.¢28
111.20
115.11
119.01
122.89
126.73
130.55
1:7.33
145.30
152.31
159.05
165.51
17t.71
177.6%
183.36
188.86
194.20
199.39
204.47
209.47
214.42
219.35
2£4.30
229.29
234.35
239.53
244.84
250.33

VEL.VECTCR
R.A.
139.4-28.3
143.6-27.9
147.6-27.4
15t.7-26.1
155%.6-26.0
159.5-25.1
163.3-24.2
167.1-23.1
170.8-22.0
174.4-20.8
177.9-19.%
181.3-14.2
184.7-16.8
188.0-15.3
191.3-13.9
194.5-12.4
197.6-19.8
200.7-09.3
203.7-07.7
206.7-06.1
209.7-04.5
212.7-02.9
215.6-01.7
221.4 01.9
227.1 05.1
237.9 08.1
238.7 11.1
244.6 13,9
250.5 16.5
256.6 19.0
252.9 21.3
269.2 23.3
275.8 25.0
282.5 26.%
289.3 27.5
296.2 2R.3
303.2 28.7
310.2 28.8
317.3 28.5
3264.2 27.8
331.1 26.8
337.8 25.5
344.4 23.8
350.9 21.9

DECL.

Vil.
07.9
07.9
07.9
07.9
07.9
07.9
07.8
07.8
07.8
07.7
07.7
0r.7
071.7
07.6
07.6
07.5
07.5
07.%
07.4
Cr.4
97.4
07.3
07.3
C7.2
07.1
07.1
07.0
07.0
06.9
06.9
06.8
06.8
06.7
06.7
06.7
Q6.7
06.7
06.7
06.7
06.7
06.7
06.8
06.8
06.8

GEQMAG.

RO LAY,
01.09 V6.3
01.09 V4.5
01.08 02.7
0L1.08 0Ol.C
01.09 0C.8
01.09-02.06
01.10-04.3
01.11-06.C
01.12-u7.6
01.13-0v9.2
01.15-10.8
U1.17-12.3
01.19-13.7
01.21-15.1
01.23-16.4
01.25-17.6
01.27-18.7
01.30-15%.3d
0l.32-20.8
0l.34~21.6
01.36-22.4
01.39-23.1
0l.41-23.¢
0l.44-24.7
01.47-25.3
01.49-25.6
01.50-25.%
01.50-25.1
01.50-24.4
0l.48-23.4
01.47-22.2
01.45-20.8
Ul.42-19.2
01.40-17.4
01.38~-15.6
0l.35-13.5
0l.33-11.4
01.31-09.3
01.30-07.0
01.28-064.7
01.27-02.4
0l.27 00.0
0l1.26 02.3
01.26 04.7

REAL F.
L

0l.126
gl-127
Ul.131
OL-136
Gl.143
Ul.151
Ul.160
ol.171
Gl.18%
Ul.202
01.223
Cl.248
0t.277
ul.309
01.365
0l1.383
Ul.423
Ol.464
01.507
Ul.549
01.589
0l.628
Ul.664
01.723
01.759
ul.769
01.754
Ol.718
01.667
01.608
01.547
Ol.486
01.431
01.382
01.339
01.301
01.269
Ul.243
01.221
01.205
01.19%
Ul.191
Gl.192
C1.199

6111] 1961 124

R

244517
236170
228173
22086
21329
20626
19994
19450
19004
18658
L8409
18248
18163
L8140
18163
18219
18296
18383
L6473
185%9
18636
18701
18752
18806
18795
18725
18609
18463
18304
18148
18007
178688
17792
17720
17670
17645
17650
17697
L7801
17982
18259
18648
19151
19751

H/80

ol.i13
n1.086
01.002
01.040
01.022
01.008
01.001
01.002
01.01%
UL.040
01L.081
01.139
01.213
01.30¢
Ot.417
01.545
0l1.691
01.85%2
G2.027
02.211
02.401
02.%90
02.712
03.084
03.281
03.329
03.225
03.005
02.723
02.420
02.138
01.885
Ol.o74
01.501
01. 360
Ol.247
01,158
01.090
0t .041
01.011
01.000
01.010
01.041
01.093

Ro.A.

198.7
188.3
110.8
099.7
Us3.3
Uv2.9
054 .9
Us6.8
un9.7
U63.0
066.5
070.3
074.2
U78.3
082.4
Oo86.6
030.9
095%.2
099.5
103.9
108. 3
112.%
117.0
125.6
134.0
142.1
149.8
196.9
lo3.o6
169.7
175.4
140.7
18%.7
190.3
194.8
198.9
202.17
2u5.3
204.0
156.2
066.0
062.17
065.8
070.7

P.002
DECL .
81.1
5.4
871.9
s4.1
19.1
73.17
68.1
2.4
56.7
20.9
45.4%
40.0
35.0
30.3
26.0
22.1
18.7
15.6
13.0
10.7
0B.8
07.2
06.1
06.7
04.6
05.8
08.0
11.2
15.2
19.9
2%.1
30.8
36.8
43.2
50.0
57.0
oh.>
12.2
80.3
7.4
82.0
73.6
65.2
57.1

Figure 7.

127

Listing of Sample Master Orbit Tape (TI) (cont,)




REFINED WORLD MAP -BRwR.T.
€1131 , 196 NU S5-15
FROM 610504 1630 TO 610504 184C

-

R1C4 RUN TC GET M.0U.T.y OR3A,

AND REFINEU wMAP OLPUT -

Z

i

7

,

R104 KUN TG GET M.C.T., OR3A, AND REFINED WMAP QUTPUT 3

B

ID.NO. REF.DATE LAMBDA HMS TAU DMS  SATELLITE 3
61131 61 04 27 14 18 57450 036 30 04399 1961 NU S-15 ¢
=

DATA FROM ORBITAL TAPE TITLE RECCRD

EPOCH 61 05 04 t& 26 00000

z X boTt Y DOY z oCcr1
-671[0456 090 60902777 00-56060203 00-61297063 00-£5954610 00 72596790-01
3 I [ OMEGA THETA
ll787662 0l 86561018-01 50264304 00 17128512 01 30836133 01 38163812 01l
DRAG EFFECTS T(Py) N{2,3) N{3,Q)
610504 14260C 12366977-07 00000000 00
EARTH CONSTANTS MU RUTATION RADIUS FLATNESS
1000000C 01 58835124-01 10000000 OL 33670033-02
HARMONICS
K2 K3 Ké K5

54109499-03 22849999-05 79612497-06 23199999-06

J H K L
16232849-02 00000000 OC 0C000CO0 00 00000000 GO

Figure 8. Listing of Sample Refined World Map Tape (ID)
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ENTERIM DEFINITIVE ELEMENTS

ORBITAL ELEMENTS FOR 61131 , 1961 NU S$~15
FROM GODDARD SPACE FLIGHT CENTER
¢EPOCH 61 ¥V 05 M 04 D AT 14 HOURS 26.00 MIN, UT

SEMI-MAJOR 4XIS 007518.,63 KILCMETERS ( 004671.35 MELES)
ECCENTRICITY 0.08656

INCLINATION 028.799 CEGREES

MEAN ANOMALY 098.139 CEGKEES

ARGUMENT OF PERICEEL 176.678 LEGREES, 08.0726 UEG. PER CAY
R.A. OF ASCENU.NODE 21H.663 CEGREES, -04.9824 ODEG. PER DAY

ANQMALISTIC PERIUD 0108.13176 MINUTES, 0.00037 MIN. PER DAY
HEIGHT OF PERIGEE 000489.42 FILOMETERS ( 000304.11 MILES)

HEIGHT OF APUGEE 001791.06 KILOMETERS ( O0Ll1l12.91 MILES) .
VELOCITY AT PERIGEE 02858§ KM. PER HR. { 017765 MI. PER HR,)
VELUCITY AT APOGEE 024034 KM, PER HR. (| 014934 MI. PER HR.)
GLOC.LAT.OF PERIGEE Ul.600 UEGREES

PAGE COO1L

Figure 8. Listing of Sample Refined World Map Tape (TD) (cont.)
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TATE SATELLITE Mmap
610504 R104 RUN 10 GET M.C.T., OR3A, AND REFINED wMAP CUTPUT

HR M1 LONG.UEG LAT.DEG 1000H.KM
16 30 084.3255-12.6376 C1719183
16 31 086.6898-11.4226 01733678
16 32 089.0219-10.1290 C1746428
16 33 091.3260-08.8190 C1757412
16 34 093.6055-07.4953 C1766604
16 35 095.8646-06.1599 (1773989
16 36 098.1071-24.8149 C1779553
16 37 100.3370-03.4623 C11783285
16 38 102.5982-02.1042 C1785179
16 39 106.7747 00.7424 31785231

SATELLITE MAP OF SPECIAL PCINTS AND SUMMARY OF SOME GRBITAL DATA

SPECIAL POINTS YRMODA HR M] SS.SS PASS LONG.DEG LAT.DEG .0
ASCENDING NODc

NORTH PO0INT

UESCZNDING NGODE

SOUTH POINT

SUNLIGHT ENTRANCE

SUNLIGHT &XIT

SUMMARY DATA PERCENT
SATELLITE IN SUN 090.0

PAGE 0002

UHRM

Figure 8. Listing of Sample Refined World Map Tape (TD)

(cont,)




DATE SATELLITE w~ap

~10504 R104 RUN TO GET M.CeTo, OR3A, AND RECINEM wWMAD QUTPUT

HR Mi LONG.CGEG LAT.DEG 10COH.KM HR M1 LONG.CEG LAT.OEG LUOUH.K™
16 40 106.9900 00.6209 (1783441l 17 23-121.54958 1v.2178 0060lulé
16 41 109.2082 01.9840 C1779813 V7 24-118.13C3 16.6753 205791179
16 42 111.4332 0343449 01774353 17 25-114.7027 15.0651 005588486
16 4% 113.6689 04.7017 C17617073 L7 26-111.3112 13.3828 00540%6H
16 44 1i15.9193 06,0523 1757985 17 27-107.9534 11.66401 00925162
15 45 118.1A1S 0T,.3947 C1747108 17 28-104.6258 04.86452 00511916
16 46 120.4800 08.7266 (1734463 17 29-101.324% 08.0061 0CSGL18Y
16 47 122./581 10.06457 C172C07S 17 30-098.0460 06.1317 00493032
16 48 125.140d L1.3496 C1703973 L7 31-094.7851 064.2304 00487504
16 49 127.5301 12.6359 Qt686189 17 32-091.5372 02.3109 0U4B4633
16 50 129.9520 13.9017 Ole66758 17 33-088.2972 00.3818 00484436
16 51 132.4167 19.1463 Cl1645720 17 34-U85.0598-01.5480 UL486S1a
L6 52 134.9277 16,3604 1623123 17 35-081.8197-03.4701 00492054
16 93 177.4831 17,5667 C159S8C1}3 L7 36-U78.5724-05.3754 00699876
16 54 140.1046 18.6998 (1573443 17 37-07%.3127-01.25%6 0CS10i486
16 5% 1642.7779 19.8157 C1546470 17 38-072.C360-09.1022 00523074

16 56 145.5123 ¢0.8907 01518156
16 57 1648.3109 21.9202 C1488566
16 58 151.1768 22.9000 Ul4571770
16 59 154.11106 23.8251 C142%58438
LT 00 15T.1174 24,6906 Cl23924878
17 01 160.1954 25.4912 Ci358%46
17 02 163.3%459 26,2218 1324143
17 03 166.%6b606 26.8767 C12885%62
L7 04 169.8B624 27.4507 (1252303
LT 05 173.2244 27.9341 C1215474
17 06 176.6%17 28.3336 Cl178l%%
17 07~179.8602 2R.6322 01140%60
17 U8~176.3166 26.8288 0'102717
L7 09-172.7238 28.9193 C10641770
17 10~169.0887 28.8995 01026853
17 11-16%.4197 28.7662 C098S5106
17 12~161.7250 28.5169 CN95166>
17 13-158.0131 28.1497 CC914671
17 16-154.2927 27.6637 C0OB78268
L7 15-150.5722 27.0589 CNB&2603
L7 16-146.85%98 26,3359 (0NBOTH24
17 17-163.1624 25.49656 CI774078
17 18-139.4872 24.5635 0NT741520
17 19-135.3395 23,4802 C071C296
L7 20-132.2237 £22.3107 UNSGBLSH2
17 21-128.6423 21,0600 CO0t52433
17 22-125.1004 19,6737 CO0b6ZOITS

FALE 0003

17 39-0608.73.7-10.9070 00%344617
17 4C-065.4142-22.6618 00556131
17 41-062.0619-14.3%88 0USTbLIR
17 42-05B.6776-1%.49907 005987171
43-0%5.2601-17.5498 00622409
17 44-051.8C75-19.J294 00h&R5HT
17 45-048.3197-20.4230 DULTHAIY
L7 46-044.7970-21.7249 LUTCOLUST
17 47-061.2411-22.9294 007317105
17 48-037.6543-24.0318 UC769524
17 49-U34.,0408-25.0219 0UBCILH)
L7 50-03G.4052-2%.7161 00637638
17 51-026.7529-26.6879 00873434
17 52-023.0906-27.3473 009C9789
17 53-019.4253-27.8913 009461757
17 564-015.7645-26.3196 ULIE419S
17 55-012.1169-28.6326 0102195«
17 56-008.4901-208.8318 01CS5u97
T 571-004.8923-28.9193 01097091
17 5¢-001.3308-28.8979 0}135803
L7 5¢ 002.1871-28.7709 01173508
18 0C 00%9.69%0-28.5423 01210802
18 01 009.0679-28.2165 L124T8l4
14 02 U12.4203-27.7380 01 2%4LB}
18 03 015.7089-27.2920 0,419%487
I8 04 018.93C9-26.1033 UlL)Sehl}
18 0% 022.0845-26.0373 013886

e 6 6 ¢ 9 S5 s
~—
-
@ ® ® 3 5 B e 9 P E S ¥ O S S S S s P S S S ¢ B S S P eSS S S S ST S S e

s 5 ¢ & ¢ 5 @ e S s 0 VS K S
—
-~

8,

Figure 8. Listing of Sumple Refined World Map Tape (TD) (cont.)
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UATE
610504

MR M|
L8 06
18 07
18 08
18 09
18 10
18 11
18 12
18 13
18 14
18 1%
18 lo

SATELLITE MAap OF SPECI AL

SPECIAL POINITS YRMOUA HR M] $S,.S5 PASS
ASCENDING NODE 6105C4 16 39 32.64
NORTH POINT 610504 17 09 19.22 000003~
DESCENDING NOUE 6105C4 17 32 11.86
SOUTH POINT 610504 17 97 18.21
SUNLIGHT ENTRANCE 6105C4 io »> 5%.21
SUMLIGHT EXIT 6105C4 1" Q7 32.57 00C00)
SUMMARY DATA PERCENT
SATELLITE IN SUN 066.4

PALE 0004

LONG.DEG LAT.DEG
025.1689-25.2991
028.1841-24.4936
031.130/~23.62060
03¢.0089-22.7011
036.8219-21.7235
039.5716-20.697~
042.2607-19.621¢/
0664.892%-18.517%
067.4697-17.3712
0649.5762-16.1921
052.4755-14.9835

SATELLITE MaAP
R1G4 RUN TO GETY M.C.T., CR3A,

1N00H.XKM
C1422014
1454094
C1485048
01514804
01543288
0157C436
C1596185
Cle2Ce79
010643260
C1664483
Cles&102

AND REFINED WMAP UUTPUI

HR M|
18 17
18 8
18 19
18 2C
18 21
18 22
18 23
16 24
18 25
18 2¢&
16 27

POINTS AND SUMMARY

LUNGL.OEG LATL.DEG
094.9115-13.748%
057.3079-12.4900
059.6688-11.2106
061.9917-09.9134
064.2985-08.6002
U66.5757-07.2737
C68.8329-05.9360
071.0735-(4.5R92
(73.3025-03.2353
075.5231-01.8762
077.7389 00,5141

10UUH. KM
oLrcecr?
ulltesrl
01732954
01745792
01756863
OL766148
01773042
01779279
01783106
oL785092
01782237

OF SOMc ORBITAL DATA

LONG.DEG LAT.DEG

0C0003 105.9811 0u.00CO

171.5639 28.9251

000003-087.6573 00.C00C
0000G3-003.8071-28.9 242

00COC3 165.2918 20.8G6S

029.7917-24.0301

LOCCH.XM
01784485
01052617
VGaE4T 1w
011C9413
015204062
01471040

Figure 8.

Listing c¢f Sample Refired World Map Tape {TD) (cont.)
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NATE

aldb06

HR

MIi
28
29
30
31
32
33
34
35
36
37
38
39
40

SATELLITE MAP

R104 RUN T3 GET M,0.F., OK3A, AND REFINED wMAPR QUTPUT

LONG.DEG
079.9542
082.1728
0B84 . 3986
0RL.61359
088 .HB/8
091.1587
093.4527
095.7736
098.125%
100.%123
102.9383
105.4069
107.922%

SATELLITE MAP

SPECIAL POINTS
ASCENDING NODE
NORTH POINT

DESCENDING NGUE
SUUTH POINT

SUNLIGHT ENTRAMCE
SUNLIGHT EXIT

SUMMARY DATA

SATELLITE IN SUN

LATLUEG 1000HXM
00.8492 Ll178354lL
02.2118 C178CO06
N03.5718 C1774640
06.9271 CL76745¢
06.2760 C1758456
07.615%9 Cl747670
08,9449 01735114
10.2607 C172C815%
11.5608 C1704799
12.8428 C1687099
14.1038 01667748
15,3409 0l164t192
16.5510 Cl624272

OF SPECIAL POINTS AND SUMMARY OF SOY¥: CURBITAL DATA

YRMODA HR MI S%.55 PASS LONG.DEG LAT.DEG 100CH.KM
6105C4 18 27 22.63 0060004 078.5743 00.00C0 O1l784b14

PERCENT
000.0

PAGE 0005

THE END

Figure 8.

Listing of Sample Refined World Map Tape {(TD) (cont.)
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Table 4. Orbital Tape Format-3A (TCB)

WORD NUMBER WORD CONTEN. =
Binary Title Record Format
0 Fortran data record size indicator = 000375010001¢
(Underlined octal number indicates a total data word count
of 253 words.)
1 Form of data identiiication = 76799361
2-3 Satellite identification
4 Date U.T. Start Time
> Day Count of Year of Satellite Data
6 Seconds of Day
7 Date U.T. End Time of
8 Day Count of Year Satellite Data
9 Seconds of Day
J0 = At 1n seconds, 1if tape has equal intervals
= 0, if tape hzs unequal intervals
11 No. of data items in data record = 12
(includes a special type of item as item no. 12)
12 No. of words per data item = 21
13 No. of words per data item that are a function of time
(these words follow the time words consecutively) = 16
14 No. of words in data record = 256
15 Spare
16-26 Run identificu.tion data
27 Date
28 Day Count of Year Cocrdinate System Reference
29 Apparent Sidereal Time Data Time and Position
in radians
30-40 Used for harmonics, etc.
41 Date
42 Day Count of Year Epoch
43 Seconds of Day
44 Semi-ma jor axis, a (km.)
45 Eccentricity, e (ratio)
46 Inclination, I (aeg.)
47 Right ascension of ascending node, () (deg.)
48 Rate of change of R.A, of ascending node, () (deg./day)
49 Argument of perigee, w (deg.)
50 Rate of change of argument of perigee, o (deg./day)
51 Period, P (min.) )
52 Rate of change of period, P (min./day)
53-253 Used for elements, drags, etc.
254 Check sum of werds in word no. 1-253
255 Same as word O
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Table 1. Orbital Tape Format-3A (TCB)

WORD NUMBER WORD CONTENTS
Binary Data Record Format
0 Fortran data record size ‘ndicator = 000322010001
(Underlined octal number indicates a total data ~ord count
of 253 words.)
1 Type of data item indicator
1l = regular satellite data item
2 = ascending node crossing data item
3 = north point data item
4 = descending node data item
5 = south point data item
6 = sunlight entrance data item
7 = sunlight exit data iter
2 Date of data l
3 Day Count cf Year Time of Data Item
4 Seconds of Day )
5
6 ? Satellite Position
7 z Vector in km.
8 ¥ Satellite Velocity
9 Y Vector in km,./sec
10 A ' )
11 Longitude (deg.)
12 Latitude (deg.) Geodetic Position
13 Height above spheroid (km.)
14 SX
15 SY Solar Vector in A.U,.
16 SZ
17 L (earth radii) McIlwain L Parameter
18 B (Gauss) Magnetic Field Strength
19 Right ascension (deg.) Real Field Inertial
20 Declination (deg.) Coordinates
21 Ascending node crossing no. (pass no.)
22-231 10 other satellite data items
232 = 99 (type of data indicator)
233 Year of Data
234 = 999 if no ascending node item occurred
= % of orbit in sunlight if an ascending node item
occurred in this record
235-252 Spares in last item
253 Spare in record
254 Check sum of data words in word no. 1-253
255 Same as woxrd O
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Table 4. Orbital Tape Format-3A (TCB)

WORD NUMBER WORD CONTENTS
Binary Sentinel Record Format
0 Fortran data record size indicator = 00032§0100018
(Underlined octal number indicates a total data word count
of 253 words.)
1 99999999
2-253 Irrelevant
254 Check sum of data words in word no. 1-253
255 Same as word O

Note:

1. All words are in floating point form except for words 0, 254,
and 255, which are in fixed point form.

2. Longitude is positive east of Greenwich; negative west,

3. Northern latitudes are positive; southern latitudes are
negative.

4, Date of data = day + 100 (months + year (100)). (Example:

Feb. 10, 1962 at 2 hours is recorded as 620210 in date of data,
41 in day count of year and 7200 in seconds of day).

5. The satellite and the solar position vectors are referenced to
an equatorial coordinate system with the origin at the center
of the earth, the x-axis in the direction of the vernal equinox,
the z-axis along the North Pole of the earth, and the y-axis
forming a right-handed coordinate system,

6. Reference day data of apparent sidereal time is obtained from
"The American Ephemeris and Nautical Almanac' for the given
year.

7. The last valid data item in a data record is followed by an

1tem of 9's. If the last valid data item fills a record, a
data binary record follows which contains 9's in words 1-21.

9's are equal to 99999999 in floating point.
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FLOATING PCINT BINARY TAPE DUMP

DUMP (OF BINARY UR3A TAPE
FHOM r1C& RUN

00000 0O

61131000 05
61C50400 0o
21600000 02
00070000 OC
83007418 H
61042700 vo
Q0CN0000 00
16232849-02
12400000 03
21366254 03
-36653803-03
11787662 01
-96060203 v¢
90332958 0C
50264304 0C
131571C0-02
00000000 00
00000CC0O U0
00600000 00
50C000C0 01
00000000 0OC

61050400 06
-17706781 04
-126971596 02

14329196 01

10000000 01
-264R9650 04

89C721888 02

27855747 OC

20000000 01
-73530226 04

30899983 01

64235308 0C

47288395 02

597600C0 05
-52900022 01

72595313 0C

20621669 03

124000G0 03

31574600 Ot

17851792 04

18911023 00

61C504C0 06

167864667-03

25748666-05

12390230 01

10C000C0 01
-51707103 04

10698995 03

27858498 00

300000C0 01
~58291467 04

31947543 01

64241651 OU

806798551 02

60240000 0>
-364775%5%99 01

72588838 0C

29929111 03

12400000 03

52458450 01

17344630 04

18144226 0OC

61C50400 0o

15872818 04

11349649 02

11985867 01

99000000 ©2

00000000 €O
12400000 03
16000000 02
79910000 Qe
76188318 C8
11700000 03
54109499-03
¢00C0C00 0o
51960000 05
-49824465 01
00000000 00
86561018-01
-61297063 00
49644636 01
3gledsle Ot
-81206238-03
00000000 00
00000C00 00
060000000 00
40000000 Ol
10000000 01

12400000 03
60405509 00
17191829 0«
20568999 CO
61050400 06
~14214346 04
-10128993 02
13809203 01
10000000 C1
-33393055 04
93605488 02
27856435 00
20000000 01
-70804305 04
31670440 01
64236894 00
54955422 02
59480000 05
-49108834 01
72593694 CO
21242955 03
12400000 03
36445891 01
17844847 04
18624480 00
61050400 06
87983575 02
62092067 00
12337149 01
10000000 01
-56800645 04
11143320 03
2785918% 00
30000000 01
-52821499 04
31357946 01
642643236 00
89173615 02
60360000 05
-29127191 01
72587220 00
482914C9 C2
12400000 C3
56385644 01
17039732 04
18266166 CO
61000000 02

61090400 0o
67200000 05
25600000 03
9€94C079 08
61796400 06
37479C90 01
228449999-05
0C00C00U0 00
15186287 04
17667803 03
00000000 00
18808503 01
-659564610 00
17128512 01
-44468275-01
80412104 Ct
00000000 00
00000000 00
0C000000 0C
164000000 02
00000000 00

59400000 0%
-608613943 01
72600170 ©O
18781837 03
12400000 03
128€9238 01
17464283 04
20202168 00
61050400 06
-10569155 04
-74952815 01
13343057 01
10000000 01
-36941296 04
98107109 02
27857122 00
2C000000 01
~67329482 04
32103050 Ol
64238479 00
63161287 N2
59972676 05
-45826053 01
72592444 00
21743157 03
12400000 03
37721985 01}
17834408 04
18551022 00
61050400 06
47318782 03
33449448 01
12145887 Ol
10000000 0Ot
~61292222 0«4
11591925 03
27859873 00
3C0CC000 Ot
-46788164 04
3C427560 01
b46244823 0O
81343586 02
20480000 05
-23107248 01
72585600 00
56443081 02
00000000 0O

124000006 93
0000000y Ou
767196200 0o
84750083 O»
16796200 06
00000000 00
79612497-06
00000G0OC 00
86561Cle-01
40726004 01
0¢500000 00
-47110456 00
17596190-01
49644636 01
78137306 00
76731C70-01
00000CQ00 00
0000000u 00
00000000 00
26000000 02
30000C00 o1

-76611063 0«4
28358120 01
64232137 00
33600100 02
59520000 05

-58808401 01
72598551 00
19397083 03
12400000 03
19501205 Ol
17666041 04
19778190 00
61050400 0o

-68115509 03

~48148572 01
12938301 01
10000000 01

~46067180 04
10255818 03
27857810 00
2000000¢C 01

~64157C88 04
32204646 01
64239704 00
69814758 02
60000C00 05

~44801815 01
72592070 00
21898072 03
1240CC00 03
43081587 01
17743529 04
18289404 00
61050400 06
85436349 03
6052828 01i
12026722 01
1000CCoC Ol

-65130493 04
1204800¢ 03
2746CH60 00
30000000 01

-402520b8 04
29158152 01
64246408 00
72796185 02
00000Cs0 00

254 002 00000
RECORE NUMBER 00001
00002 76799361 08
00007 59400000 05
00012 12000000 02
00017 00000000 00
0002/ 7600676 U8
000217 30930100 08
00032 000V0000 00
00037 23199999-06
00042 61090400 06
00047 28799325 02
00052 10813176 03
00102 81399844 03
00107 609027771 00
ootle 12016707 01
ootr17 30836133 1
00122 17972031 01
00127 26080148 00
00132 81399844 03
00152 12366977-017
00192 61000000 02
00197 00000000 00
RECORD NUMBER 00002
00002 10000000 o}
00007 -19303115 04
00012 84325546 02
00017 27855059 00
00022 20000000 Ot
00027 -75414776 04
00032 29794519 01
00037 64233722 0G
00042 4022606% 02
00047 59640000 05
00052 -56143544 01
00057 72596932 00
00062 20009194 03
00067 12400000 03
00072 25885599 01
ooori? 17795530 04
00062 19333895 00
00087 610%0400 06
00092 -29817219 03
00097 -21042447 01
00102 12601309 01
00107 26000000 01
00112 -50468959 04
00117 10598106 03
00122 27858341 00
00127 30000000 01
00132 -63143814 04
00137 32195809 01
00142 642400649 00
00147 71796520 02
00152 60120000 05
001%7 =-40012548 01
00162 72590456 00
ootLe? 22704647 03
00172 12400000 03}
00177 48008021 01
00182 17579853 0«
00187 18150473 00
00192 61050400 06
00197 12244360 0O«
00202 87265775 01
00207 11976183 01
00212 10000000 O1
00217 -68268043 04
00222 12514683 03
00227 27861247 00
00232 30000000 Ol
Figure
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RECORU NUMBER 00010

00002 10000000 U1 61050400 06 126400000 03 66240000 05 -70796380 04
00007 -40003054 04 -64927861 03 26007418 01 -52814%02 U1 3171H428 01
00012 71073831 02 —-45892009 01 17792788 04 72507841 00 64322471 00
00017 27894230 00 13011497 01 17645221 00 19893853 03 57040672 02
00022 30000000 01 LOCOV00O0 01 61050400 06 12400000 03 66360000 09
00027 -67306788 04 ~46218641 04 -26587092 03 32095814 Ul -49017890 01}
00032 32122642 01 75523068 02 ~187162245 01 17850917 04 72506220 00
00037 64324054 00 27894917 00 12691999 01 17650439 00 20205193 03
G004 2 64465381 02 30000000 O1 2000000N0 01 61050400 06 1240000V 03}
00047 66442626 05 -64488427 04 -50050253 04 66059569-02 36091C06 01
00052 -46102656 01 32203395 01 78574349 02 62655079-04 17848136 04
00057 72505103 00 04325145 00 27895389 00 12503466 Ol 17676457 00
00062 20466794 03 E9793910 U2 40000000 01 10000000 01 61G%0400 O
00067 12400000 03 66480000 05 -63106939 C4 -51747135 04 12032945 €3
00072 37840278 0l -44707064 01 32186864 01 79954200 02 84919689 00
00077 17839409 04 T2904600 0C 64325638 00 27895604 00 124268%1 01
00082 17696820 U0 20530672 U3 72232888 02 0000000 Ol 10000GOV Ol
00087 61050400 06 12400000 03 66600000 05 -5824C633 U4 -56827131 04
00092 50525547 03 43195633 01 -39915114 01 31910134 Ol 04398588 02
00097 35717935 01 17746395 04 72502978 00 64327222 D0 2789£29C GO
00102 12214996 01 17800656 OC 20401376 03 80261651 02 400G0000 Gl
oo107 10000000 01 61050400 06 12400000 03 66720000 05 -52757009 04
00112 -61309147 04 BH4R3217 03 48117135 01 -34676561 01 31292361 01
Qo117 88887750 02 627590688 01 17584556 04 72501357 Q0 6432%8C0 00
00122 27896977 00 12054122 01 17981641 00 19622211 03 87433158 02
00127 40000000 01 10000000 V1 61050400 06 126400000 03 66840C0C 05
00132 ~46711399 04 -65135352 U4 125499332 04 52599516 01 -29028672 01
00137 303346483 U1 93452696 02 89449375 01 17351144 06 724991730 QU
001e2 64330389 00 27897663 00 11950800 01 18259259 00 660130630 02
00147 82019152 02 40000000 O1 10000000 OL 6105C400 06 12400000 03
00152 66960000 05 -40163695 04 -68261166 04 16115066 04 56478197 Gl
00157 -23010454 01 29038431 01 98125472 02 11960849 02 17047986 04
00162 72498115 V0 64331973 00 27898350 00 11905469 01 18647743 00
00167 62734597 02 735607ST 02 40000000 01 10000000 01 61050400 06
00172 12400000 03 67080000 05 -33179086 04 -70644769 04 19505293 04
00177 59828287 Ol -16664021 01 27407382 01 10293828 03 14103837 02
00182 L667T7484 04 72496493 00 64333557 00 27899037 00 11920773 01
00187 19150686 00 65436780 02 65159489 02 40000000 01 10000000 Uf
00192 61050600 06 12400000 03 67200000 05 -258292648 04 -72249317 04
00197 22679755 04 62964204 Ol -10036376 01 25446417 01 10792247 03
00202 16551026 02 16262723 04 72494872 00 64335139 00 27899723 00
00207 11969948 O1 19756828 0C 70652167 02 57128003 02 40000CUV O1
00212 99999999 08 99999999 Q¥ 99999999 08 99999999 U 99999999 (b
00217 99999999 08 99999999 Q¥ 99999999 08 99999999 08 99999999 048
00222 99999999 Y8 99999999 0& 9993593599 (8 99999999 08 99999999 0y
00227 99999999 VB 99999999 (08§ 99999999 OR 999999499 08 999Y99Y9 (Op
00232 99999999 08 990N0000 02 61000000 02 66420132 02 0000000G 00
KECORD NUMBER 0GUilL
00002 99999999 OB 61050400 06 12400000 03 66240000 05 -TO796386 04
00007 -40003054 04 ~64927861 03 26007418 Ol -52814502 Ul 31718326 Ol
00012 T1073831 02 -45892009 Ol 17792788 04 72507841 00 64322471 00
00017 27894230 00 13011497 O1 17647221 00 19893853 03 57040672 02
00022 30006000 Of L0C0GO0C 01 61050400 06 12400000 03 66360000 05
00027 -67306788 04 -4611864°' 04 -26587092 03 32095814 Ul -49017890 01
00032 32122642 01 15523068 C2 -18762246 Ol 17850917 04 12506220 00
00037 64324054 00 21894917 0C 12691999 C1 17650439 00 202065133 03
00042 64465381 02 30000000 0L 20000000 Ol 61050400 06 12400000 03
00047 66442626 05 -644R8427 04 -50050253 04 B86059569-02 36051008 01
00052 =46102656 01 32203395 01 18574349 02 62655075-04 17848136 O«
00057 72505103 00 64325145 00 27895389 GO 12503466 01 17676457 00
00062 204606794 U3 69793910 02 40000000 O1 10000000 0. 61050400 Vo
000067 12400000 03 66480000 0% -63106939 04 -~51747135 06 12032945 03
00072 37840278 01 -44707064 Ol 32186864 01 179954200 07 84919669 00
00077 17835409 04 72504600 OC 64325638 CO 27895604 00 12426851 01
00U8BZ 17696820 00 20530672 03 72232888 02 40000000 01 10CU000L 01
00087 61050400 06 12400000 03 66600000 05 -58240633 04 -56829131 U«
00092 50525547 03 43195633 01 -39915114 01 31910134 01 84398588 02
00097 35717835 01 17746395 04 72502978 00 64327222 00 27896290 0U
00102 12214996 01 17800656 00 20401376 03 80261651 02 40000000 Oi
00107 10000000 01 61050400 06 12400000 03 66720000 05 -52757C0Y O«
00112 -61309147 D& BB4R321T 03 «BI17135 Ul -34676561 01 31292361 Ol
00117 88887750 02 62159688 01 17584556 04 72501357/ 00 64328806 OV
00122 27896977 00 12054122 04 17981641 00 15622211 03 874337%b 02
Figure 9. Listing of Sample Orbital Tape Format-3A (TCB) (cont,)
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Qo127 40000000 U1l
00132 -66711399 04
00137 30334483 01
00142 64330389 00
00147 82015152 02
00152 66960000 05
00157 -23010454 01
00162 72498115 00
00167 62734597 02
00172 12400000 03
00177 59828287 01
00182 16617484 u4
00187 19150686 00
00192 61050400 06
00197 22619755 04
00202 16551026 02
00207 11989948 01
00212 99999999 (8
00217 99999999 08
00222 99999999 08
00227 99999999 08
00232 99999999 08
RECORD NUMBER 00012

00002 99999999 08
00007 -40003054 U4
00012 71073831 02
00017 27894230 00
00022 30000000 01
00027 -~67306788 04
00032 32122642 0!
00037 64324054 00
00042 644065381 02
00047 66442626 05
00052 ~406102656 01
00057 72505103 00
00062 20466794 03
00067 12400000 03
00072 37840278 01
00077 17835409 04
00082 17696820 00
00087 61050400 06
00092 50525547 03
00097 35717835 01
00102 12214996 01
00107 10000000 01
00112 -61309147 04
00117 88887750 02
00122 27896917 00
00127 40000000 01
00132 -46711399 04
00137 30334483 01
001¢2 64330389 00
00147 82015152 02
00152 66960000 05
00157 -23010454 01
00162 72498115 00
00167 62734597 02
00172 12400000 03
00177 59828287 ul
00182 16677484 O«
00187 19150686 00
00192 61050400 06
00197 22671917155 0

00202 16551026 0¢
00207 11989948 ©

00212 99999999 0u
00217 99999959 08
00222 99999999 04
00227 99999999 08
00232 99999999 08

RECORD NUMBER 00013
THE END

10000000
-65135352
934526906
278917662
40CNC000
-40163695
2903¢431
64331913
13560797
67C80000
-16664021
72496453
65436780
12410006
62564204
16242723
19756826
999949999
99999999
99999999
993993999G
99CN0000

61050400
-64927861
-45K892009

13011497

10000000
-46118641

15523068

27894917

30000000
-64488427

32203395

64325145

69793910

66480000
~4471N7064

72504600

205306172

12400000

43195633

17746395

178C0656

610504C0

88483217

62759688

12054122

10000000
-65135352

933452696

27897663

%0000000
-40163695

29038431

64331973

13560797

67080000
-16664021

72496493

65836780

12470000

62564204

16242723

19756828

99999999

99999939

99999999

99999999

99000000

ot
04
02
ug
01
04
01
ou
02
0s
o1
o¢
02
03
01
04
ocC
r}
08
uy
OF]
02

Q6

04
00
06
03
ol
ot
o1
04
02
00
o1
04
01
00
02
05
o1
00
02
03
ol
04
oC
08
08
08
o8
02

END OF FILE

61050400
12549332
49449375
11950806
10000000
-68261166
98125472
27698350
40000000
-33179C86
27407382
64333557
65159489
67200000
-10036376
124948712
70652187
99999999
99999999
99999999
99399999
61000000

12400000
26007418
17792788
17645221
61050400
-26587092
~18762246
12691999
20006000
-50050253
78574349
27895389
40000000
~63106939
32186864
64325638
72232848
666C0000
-39915114
72502978
20401376
124C0000
48117135
17584556
17981641
61050400
12549332
89449375
11950806
10000000
-68261166
981254172
217898350
40000000
~3317908¢
27407382
64333557
65159489
67200000
~-10036376
72494872
70652187
99999999
99999999
99999999
99999999
61000000

06
(o1
ol
ol
ol
04
02
00
ot
04
01
Co
02
05
ol
00
02
08
c8
08
o]
02

03
ol
04
00
06
03
0l
Oi
Gl
04
02
00
01
04
ot
co
02
05
o1
00
03
03
ot
04
00
06
04
ol
ol
Gl
04
02
00
01
0a
01
00
02
0%
ol
00
02
08
[V}
08
[PL}
Q2

1240C000 03
52599516 01
17351144 04
18259259 00
6105C400 V6
16115066 U4
11960849 02
11905469 01
1000C000 vl
-70644769 04
10293828 03
27899C371 00
40000000 vl
-25829248 04
25446417 0O\
64335139 00
57128003 0?2
99999999 04
99999999 08
99999999 08
949999999 V&
66420132 U2

66240000 0%
-52814502 01
725071841 00
19893853 (3
12400000 03
32095814 01
17850917 0«
17650439 00
61050400 06
B86059569-02
62655075-G4
12503466 01
10000000 01
-51747135 04
79954200 02
27895604 Q0
40000000 vl
-58240633 u4
31910134 0l
64327222 0C
H0261651 02
66720000 05
-34676561 01
72501357 00
15622211 03
12400000 03
52559516 01
17351144 04
18259259 00
61050400 06
16115066 04
11560849 02
11905469 01}
10000000 01
-T0644769 04
10293828 03
27899037 QO
40000000 01
-25829248 04
25446417 01
64335139 00
57128003 v2
99999999 ul
99999999 08
99999999 (48
99999999 L8
66420132 02

6684CCUL 05
-2902867¢ 01
72499736 00
66013630 02
12400C0u 03
96478197 01
17047986 04
l4647743 00
61050400 U6
19505293 Q¢
14103837 02
11920773 01
1000000U 01
=12249317 O«
10792247 03
21899723 00
4000000L 01
99999999 (8
99999999 04
99999999 0y
99999999 K
00000C0L 00

-10796380 04
31718326 01
643224171 00
57040672 02
66360000 05

~49017¢90 01
72506220 00
20265193 03
12400000 03
36091C08 01
17848136 0O«
17676457 00
61050400 06
12032945 03
84919689 00
12426851 01
10000000 04

-56829131 ve&
84398986 02
27896290 00
4000000U O

-52751609 0«
31292361 01
64328806 00
874343758 02
66840000 05

-29028672 01
72499736 00

66013630 0¢

1240000V 03
56478197 01
17047986 0«
186471743 00
61050400 06
19505293 04
14103837 02
11920773 O1
10000000 0Ot
-12249317 v4
10792247 03
27899723 QU
«0000C0U 01
99999999 0Oy
99999999 08
99999999 0o
9799999y 08
00000000 00

Figure 9. Listing of

Sample Orbital Tape Format-3A
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Table 5.

Satellite Position and Real Field Data Tape (TCB)

WORD NUMBER

WORD CONTENTS

Binary Title Record Format

n
I

3

W OO

10

11-26

27
28
29

30-350

Form of data identification = 82777966
Satellite identification

Date
Day Count of Year
Seconds of Day

U.T. Start Time of Satellite
and Real Field Data

Date
Day Count of Year
Seconds of Day

U.T. End Time of Satellite
and Real Field Data

At, interval between satellite and real field data items
in seconds
Run identification data

Date Coordinate System
Day Count of Year Reference Data Time
Apparent Sidereal Time in radians and Position

Used for elements, drags, etc.

Binary Data Record Format

W N e

OO, O

10

11
12-305

306-350

Date
Day Count of Year
Seconds of Day

Time of First Satellite and
Real Field Data Item = t

At, interval between satellite and real field data items
in seconds
Spare

Longitude (deg.)

Geocentric latitude (deg.)
R, geocentric distance (km.)
B, magnetic field strength
(Gauss)

L, Mcllwain L parameter
(earth radii)

Spare

Satellite and Real
Field Data Item

49 other satellite and real field data items at times
t + At, t + 24t, t + 3At, ... t + 49At

Not used

Binary Sentinel Reco>rd Format

2-350

99999999

Irrelevant

140
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Note:

1.

All words are in floating point form. Longitude is positive

cast of Greenwich; negative west,

Northern latitudes are positive; southern latitudes are

negative,

Date of data = day + 100 (month + year (100)). (Example:
Feb, 10, 1962 at 2 hours-is recorded as 620210 in date of data,
41 in day count of year, and 7200 in seconds of day.)

Reference day data of Apparent Sidereal Time is obtained from
"The American Ephemeris and Nautical Almanac' for the given

year.

The last valid data item in a data reccrd is followed by an
item of 9's, If the last valid data item fills a record, a
birary data record follows which contains 9's in words 1-8,

9's are equal to 99999999 in floating point.
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FLQATING POINT BINARY TAPE OuUMP

350 001 00000 00000 000
RECORD NUMBER 00001
00001 82777966 0f 611310C0 05 00000000 00 61050400 06 12400000 03
00006 59400000 05 61C504C0 06 12400000 03 67200000 05 60000000 02
00011 79000000 02 91909400 08 79847500 08 83760067 08 65830074 08
00016 18761883 08 18380082 0y 77796638 C8 61756400 06 79656600 06
00021 69756564 08 86746100 06 77007684 08 83778483 06 00000000 00
00026 00000000 00 61C42700 06 11700000 03 37479090 01 00000000 00
00031 00000000 00 00000000 00 54109499-03 22849999-05 T19612497-06
00036  23199999-06 16232849-02 00000000 00 060000000 00 00000G0U 00
00101 81399844 03 11787662 Ol 86561018-01 18808503 01 -87110456 00
00106 60902777 00 -56C60203 00 -61297063 00 -65954610 00 72596790¢-01
0011i 12016707 Ol 90332958 00 49644636 01 17128512 U1 49644636 Ol
00116 30836133 01 50264304 00 38163812 01 -84468275-01 78137305 00
00121 17972031 01 1731S71C0-02 -81206?38-03 80412104 01 7673iC70-01
00126 28080148 00 000N0000 OC 00000000 00 00000000 00 00000000 00
00131 81399844 03 00C00000 00 00000000 GO 00000000 GO 0000600U 00
00151 12366977-07 00C0O0000 0C 00000000 CO 00000000 00 00000000 00
00191 61000000 02 S5S0C000C0 OL 40000000 O1 14000000 02 26000000 02
00196 00000000 00 00000000 GO 10000000 01 00000000 CO 30000000 Ol
RECORD NUMBER 00002
00001 61050400 06 12400000 03 59400000 05 60000000 02 00600000 00
00006 84325546 02 -12632434 02 80965396 04 20568999 00 14329196 Ol
00011 00000000 00 86689782 02 -11363738 02 81112282 04 20394701 00
00016 14064796 0i 000N0000 00 89021888 02 -10076562 02 61241558 04
00021 20202168 00 13813203 01 00000000 CO 91325994 02 -87731987 Ol
00026 81352976 04 19995184 OC 13572266 01 00000000 00 93605488 02
00031 -74562118 01 814456284 04 19778190 00 13343057 01 00000000 00
00036 95864573 02 -61276572 01 81521308 04 19556034 00 13134266 Gl
00041  000000CO 00 98107109 02 -47896308 01 81577901 0¢ 19333895 00
00046 12938301 0L 000000CO OC 10033702 03 -34441510 01 B161594¢ 04
00051 19117118 00 12761196 01 00000000 00 10255818 03 -°0931857 Ol
00056 81635377 V4 18911023 00 12601309 01 00000000 00 1)477469 03
00061 -73852444 00 81636147 04 18720731 00 12460059 01 00000CUy 00
00066 10638995 03 617654C0 OC 81618256 04 18551022 00 12337149 01l
00071 00000000 00 10920817 03 19735917 01 81581742 04 18406086 00
00076 12232231 01 00000000 OC 11143320 03 332,.659 01 81526676 04
00081 18289404 00 12145887 01 00000000 00 11366888 03 46770317 01
00086 81453165 04 18203623 OC 12077610 01 00000000 00 11591924 03
00091 60205761 01 41361356 04 18150473 00 12026722 01 000G00N0 00
00096 11818846 U3 73560761 01 81251417 04 16130725 00 11993544 O1
00101 00000000 00 12048002 03 86Bl0952 01 81123594 04 18144226 00
00106 11976183 01 00CNCOCO 00 12279813 03 99935050 Ol 80978135 04
00111 18189954 00 11974003 Ol 00000000 00 12514683 03 11290907 02
00L16 80815344 04 18266166 OC 11985867 01 00000000 00 12753007 03
00121 12570762 02 80&35551 04 18370560 00 12012607 0L 00000C0C 00
00126 12995196 03 13230379 02 B043914l 04 18500456 00 12049575 Ol
00131 00000000 00 13241669 03 15066990 02 80226513 04 18653026 00
00136 12097215 01l 00000000 00 13492769 03 16277266 02 79998172 Ce
00141 18825445 00 12155166 O1 0000000C CO 13748910 03 17458C35 02
00146 79754606 06 19C15146 OC 12222544 01 00000000 00 14010463 03
00151 18605769 02 79496364 04 19219963 00 127297871 01 00000000 0,0
00156 14277792 03 19716708 02 179224047 04 17458252 00 12381604 01
00161 00000000 00 14551230 03 20786839 02 18938291 04 19669019 00
00166 12471936 0l 0CCO00CO OC 14831092 C3 21811890 02 78639793 04
00171 19911956 00 12570332 01 00000000 CO 15117676 03 22787¢49 02
00176 78329251 04 20167519 00 12674753 01 00000000 00 15411160 03
00181 23708560 02 78307522 04 20636751 00 12785975 Ol 00000000 00
00186 15711743 03 24570343 02 776756409 04 20721400 00 12903680 01
00191 00000000 0O 16019538 03 25367628 02 177333795 04 21023674 00
00196 13025719 Gl 0000000C OU 16334592 03 26095080 02 76983619 04
00201 21346086 00 13156640 Ol 00000000 CO 16656859 03 26747263 02
00206 76625864 04 21691256 OC 13284794 Ol 00000000 00 16986241 03
00211 27318740 02 76261531 04 2206169 00 13420453 01 00000000 00
00216 17322443 03 27803931 02 75891762 06 22459385 00 13553947 Ol
00221 00000000 00 17665169 03 28197555 02 75517714 04 22885754 00
00226 13688373 Ul 00C000CO OC -17986018 03 28494470 02 75140505 04
00231 23341257 00 13816815 0L 00000000 00 -17631657 03 28689845 02
00236 74741394 06 23825191 00 13934281 01 00000000 00 -1727238C 03
00241 28779265 02 74381641 04 24335543 00 14043548 01 00000000 00
002646 <-16908865 03 28758826 02 14002532 04 24R6869) 00 14133253 01
00251 00000000 00 -16561970 03 28625265 02 73625491 04 25420180 90
00256 14202683 01 00000000 00 -16172497 03 28376024 02 713251864 04
00261 25983008 00 14249335 01l 00000000 00 -15801306 03 28009332 02
Figure 10. Listing of Sample Satellite Position and Real Field Tape (TCB)
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00266
00271
00276
00281
00286
00291
00296
00301
RECORD
00001
00006
00011
00016
00021
00026
00931
00036
000+1
00046
00051
00056
00061
00066
00071
00076
00081
09086
00091
00096
00101
00106
o0l}1
00116
00121
00126
0c131
00136
00141
00146
00151
00156
00le6l
00166
coi71
00176
00181
coise
00191
00196
00201
002ué
00211
00216
00221
00226
00231
00236
00241
00246
00251
00256
00261
00266
00271
00276
00281
00286
00291
00296
06301
RECORD
00001
00006
00011
00016
00021
ooc26
00031

72883067
27524269
-15057224
00000000
14130502
28656234
71162255
23353326

04
02
03
00
0l
00
04
02

NUMBER 00003

61050400
-132223712
00000000
13316308
30128095
697719170
16582129
-11470272
00000000
12191199
29561033
68896799
79568083
-98045951
00000200
11399201
27248781
68628219
-15383481
-81819703
00000000
11236251
23670024
69007274
-10840947
-65414169
00000000
11505704
19993935
69989176
-18921468
-48319722
00000000
12233115
18247942
114413746
-24896500
-30405177
00000000
13827197
18292648
73204721
-2817992
-12116885
00000000
15894662
18701021
75092039
~28633398
56550448
00000000
17437808
1879%27
76937848
-265755%3
22084521
00000000
175644574
18538603
18600072
-22590085

06
03
00
ol
00
04
02
03
00
42
00

NUMBER 00004

61050400
36821908
00000000
16382997
18148448
799617141
-17283812

[«
02
00
ol
00
04
02

26549532
12520538
26920796
-14685983
00¢nQo0Co
14070856
29088109
70852963

12400000
22188278
-12864327
00€00000
13093738
30182734
69558095
14976164
-11131124
0000(000
11986955
29218288
68791586
60937035
-94785126
00€000C0
11317671
26620525
68652855
-344R5018
-78572443
00000000
11265573
22873131
69160412
-12585969
-620618172
60C000C0
11597246
19450056
70247074
-20309020
-44797049
00C000C0
12481811
18163120
71177204
-25780070
-26752911
00C6000C0
1642729197
18382941
73577775
-28492689
-84901334
00310000
162R2385
18751998
15469481
-2840619)
90678752
00C000C0
17588036
18767048
172R8989
-25912325
25168850
00000000
17385981
18462845
78400118

12400000
~216166102
39571609
000N0000
16077576
180715556
80197457

0c
04
02
03
[v]+}
0l
00
04

03
02
03
[+]¢}
01

14266458
27110626
12165129
26199781
-14316238
00000000
13880866
29459796

62400000
70558654
20922766
=12510035
00000000
12865063
30150217
69358335
13302773
-10795335
00000000
11805678
28811843
68711764
42040557
-91537249
00000000
11201587
25942203
68703635
-53421077
-715312739
000000G0
11309181
22085765
69334943
-14273885
-58677618
00000000
11709379
19003557
70522829
-21605440
-31241143
00000000
12769071
18139682
12121494
-26551734

; =2309057!

00000000
14644378
18472661
713954381
-28692003
-48922527
00000000
16639609
18787266
75843944
-28081977
12420272
00000000
17673161
18725394
17631697
~-25177144
28184106
00000000
17181764
18383997

65400000
19187518
-20595260
422600682
00000000
157720064
18007401

ol
00
04
02
03
00
01
00

05
04
02
03
GY
1]}
00
04
02
(B
co
01
00
04
0l
02
00
0l
00
04
C1
02
00
01
00
0%
02
02
00
cl
00
04
02
02
00
01
co
04
02
02
20
01
oo
04
02
ol
00
01
00
04
02
02
00
']}
00
04
02
02
00
ol
00

oS
o4
02
02
00
ol
00

00000000
14252881
27656136
71820109
25362893
-13948718
00000000
13713659

60000000
297622317
70280706
19562398
-121%9576
00000000
12634962
30032820
6918C929
11569736
-10462580
00000000
11642868
28346252
686577153
22964325
-88297167
0€000000
11231226
25218399
68780264
=7210v16¢
~72035952
00000000
11364279
21329366
69531938
-15897327
-55260072
00000000
11849616
18657520
70815112
-22805280
-37654283
00000000
13091182
18162882
726475153
-27209543
~19425320
00000000
15065702
18558502
74333190
~28779947
-13308213
00000000
16956970
18806160
76214276
~27665501
15708354
00000000
17694573
18672072
11965025
~24375014
31130226
00000000
16942593

60000000
18304118
79461577
-19530057
44892487
06000000
15466445

oq
01

~15429268
00000000
14208004
28175107
71485109
24412942
-13583950
000C0Cou

00000000
13523582
29986861
70020460
18113199
-11813029
00000C0U
12407861
2983455%
69026812
97850716
-1013245)
00000000
11508332
27824580
68629855
37942725
-85059832
00000000
11224035
24457084
68882329
~90465898
-68737739
0000000C
11429402
20625575
69750403
-17448754
-51807548
00000C00
12022908
18408568
71122545
-2390377¢6
-34040843
000000CG
136446237
18218916
72836716
-27752361
-15764534
0000000y
15485531
18635754
764712850
-2875928%
21870607
0V00000¢
172253133
1880K651
16579263
-2T161662
18930869
00000000
17650184
18609091
1828812V
-23511060
34008908
0000000¢

0000000u
16673769
18225064
79721064/
-18424915
474069742
0000000V

Figure 10. Listing of Sample Satellite Position and Real Field
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Tape (TcB) (cont.)



000306 49996171 02
00041 00060000 00
00046 14863654 01
00051 17836792 00
00056 80957602 04
00061 ~11152787 02
00066 61997743 02
00071 00000000 00
00076 13593648 0l
0008% 17670142 00
00086 81517814 04
00091 -4%56516456 01
0009/ 73302%22 02
001C1 00000000 00
00106 12691999 01
00111 17667579 00
00116 81619235 04
00121 22001780 O1
00126 84398588 02
00131 00000000 00
00136 12128836 U1
0014l 17981641 CO
00146 81256822 04
00151 88983576 U1
00156 95773591 L2
00161 00000000 90
00166 11905469 01
ool71 16885219 00
00176 80448689 04
oolsl 15262688 02
00186 10792247 3
00191 00009000 (O
G019e 99999993 L8
00201 182956+45 Q0
00206 73204721 04
00211 -28179937 J2
00216 -121te8:5 02
00221 0000CUUD 00
00226 158964° '
00231 18701C v
00236 T50924%, ¢4
002641 -28633374 02
00246 56550448 i
00251 00000008 5
00256 17437808 %
00261 187952715 o
00266 76937848 04
00271 -2651755%53 G2
00276 22084521 2
00281 00000000 00
00286 175445746 01
00291 18536603 00
00296 78600072 04
00301 -2259008% 02

RECORD NUMBER 00005
THE END

~16110155
52475543
0023500C0
16452453171
17791853
8'105%340
-98619154
64298786
00000000
13385933
17654387
8157929%
~32183381
75523068
00C000C0O
12552786
17696822
81583617
35530191
8663551°
00000000
12054122
18107233
81129861
102074171
98125472
oocneoce
116768 -]
17450000
B0236862
16441057
99999999
999399399
14279197
163R2941
1357717715
~28492689
~84901334
00C000Q00
16282385
187251998
75459481
~2840619)
906768752
23000000
17988036
18757048
TicAess™
-2591252%
251688450
00C000Co
17385981
18462845
18900118

02
02
00
01
00
04
o1l
02
00
01
o]
04
01
02
o6
[+2}
ocC
04
o1
02
00
o1
00
04
02
02
G
97
Gr
02
08
osg
1
oC
04
02
o1
00
ol
[]¥
04
02
[*3}
Co
01
ac
C4
G
Py
oc
42}
00
04

END SENTINEL

80412113
-14907237
54911462
00000000
14313131
17752796
81235466
-89554778
6657532
00000000
13190338
17645221
81616234
~18663619
17738938
00000000
124266851
177640374
81529440
49012831
38887750
000000C90
11995340
18255259
809835252
11%0:07%
10 a1227
V30603
11920773
19442191
80009281
39999999
~23090571
02000000
14644378
184720661
73954381
~28692203
-48922527
0000000V
16639609
187872066
75843944
-28081977
12620272
0000000¢C
176731 ¢l
187253

1763192

~23177144
28104106
§0000000
L7181 744
18383997

99%99999

06
02
02
00
o1
00
04
ol
o2
00
0l
(¢]¥]
04
[s)3
02
co
01
co
06
o1
Ge
00
ol
00
C4
02
03
GG
o1
00
04
08
02
co
01

00
04
G2
01
00
[}
00
04
02
02
oc
[Al]

P SN

PP

17944653
80610632
-136781%3
57307862
00400000
14059754
17719519
81347733
-72357658
68832904
00000000
13011497
17643507
81634561
-51141723
719954200
00000000
12313957
17800656
81456817
62431104
91158723
00000000
11950806
18439111
80823291
12716638
10293828
(2000000
11548529
197586828
99393339
=2720 1543
-19425 ;5
00632001,
150¢ . °C !
185.%" °
T&33:}
=287 79ye"
-1330480i -
¢o00CH
16950
L3¢ ¢
16 « v
-2¥ iy
1% 2,4
L La00
M X & |
L aH 2072
v:5029
~24375014
31130226
00000000
1694259)

00
1

02
02
00
0l
00
04
0l
02
00
01
00
04
00
0?
0o
ol
00
04
01
02
00
01
00
04
02
03
00
o1
[o]4]
o8
02
02
00
3]

a0

2

40
01

. 00

04
02
02
00
ol
Q0
ve
02
02
00
ol

15157088
17687730
#G792590
~124258017
59668802
00000000
13819531
17691944
B8lesl91l
-59049640
71073831
00000000
12845620
17650439
81636229
84472962
821728006
00000000
12214996
17880222
81365880
75761431
93452696
00000000
119208390
18647743
80644319
14031559
10540694
00000600
11989948
99999999
728361716
-277152361
-1576453¢
00000000
15485531
18635754
76471285C
-281%9285
21870607
00000000
17225333
188080651
76579203
-27161¢62
18930809
00000000
17650184
186C9C91
78288120
~23511080C
34008908
0000CC00

Figure 10. Listing of Sample Satellite Position and Real Field Tape (TCB) (cont,)i
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P S

IV. APPENDiCES

This section contains three appendices:

APPENDIX A - On-~Line Deck Program Listing

APPENDIX B - Tape Program Listing

APPENDIX C - BIIM Fortran Subroutine Listing

When compiiing, the on-line deck (origin 0700”7 must be compiled first,

The "." card at the end of the deck t:arsfers comj:.

" on

The cards for any additional functions to be compiled should be inserted

in the on-line deck between the blank cards (following the "." card) and the

"30" card.

For a compile~and-execute run, the "30" card is followed by onc blank

and the input data cards.

. card at the end of the tape transfers compilat.on bhack to the card readen

~""oun to the tape.

—

Archive Online

Tape Cards
Start Compile

A N
~
\
~
~
~
~
~
~
.
~
~
<~ Y
' S

blank T T —~e— L _ _ _ _ blank
blank * 30 00001

30 00001 blank

Iaput Data

Figure 11. R104 Compilation
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ARaS RS

PAGE

BLANK




- et ORGSR R

X = (00CC PAGE 001
MASTER CRBIT TAPE ROUTINE (MODIFIED TO WRITE ORB3 TVAPE) 00001
€0002
ARCHIVE VERSION * JUNE 1965 00003
00004
0 07000 00005
K 00000 - - - D 00006
K 02770 00007
FUNCTION G CALL BILM 00008
Q 00000 00000 00009
Q 90001 00752 GEOC. LATITUDE (CEG.) 1 00010
Q 90002 00275 GEOC. LONGITUDE (CEG.) 1 0ocil
Q 90003 00277 HEIGHT ABOVE SPHEROID (KM,) 1 00012
Q 90004 00785 ERR=,003 ! Qool3)
Q 90005 00783 F SUB THETA (GAUSS) 0 0Col4
Q 90008 00782 F SuUB PHI (GAUSS) 7] 00019
Q 90007 00784 F SuB R (GAUSS) 0 00016
Q@ 90008 00766 8 (GAUSS) 0 00017
Q 90009 0076% L (EARTH RADII) 0 oo0ol8
Q 90010 00768 I (EARTH RADII) 0 00019
Q 90011 00767 8/80 (o} 00020
Q 90012 07011 ENTRANCE TO BILM {ORIGIN+11) 00021
. 00022
@ % & % 5 4 % B 8 R 8 B 68 88 S 8 8 B B B e B S 3 E B PN NN 00023
174 B I NARY C ARDS (BILM FORTRAN CBJECT DECK) 00024
® & B 8 8 8 8 8 & 8 8P S BB BN S S . A S B e NE R es s 00025
9 00226
8 00001 CALL BILM 8 00001 cov2?
X 90012 90001 90C02 90003900049000590006900079000890009900109001" 00028
E 00002 00029
00030
K 00000 - - - LA A L I A A A o S c0031
K 02785 €C032
8 00001 SET SENSE LIGHY CNE FUNCTICN 8 00001 00033
X 00006 00034
E 00002 00035
» 00006 00036
2 8 8 8 & B 8RB B0 N AR R S NS AR e s e 00037
BINARY CARD 00038
@ ® 6 86 8 B B B 8BS E R EE LSS e R AR R e 00039
9 00040
€0041
00042
CC042
K 00000 - - - - = = = e = e = s = - = . = - - 00044
Q 90001 01801 DAY COUNT FUNCTICN 00045
Q@ 90002 01841 OBSERVED DATE 1O J.D. 00046
Q 90003 01001 REDUCED J.D.-SEC TO CuT C0047
Q 90004 06001 CRBIT GENERATOR 00048
Q 900CS 01021 J.D. TC PACKED DATE 00049
Q 90006 01376 TYP: 2 DATA CCMPUIE C00%0
Q 90007 01036 SIGN-CHANGE DET., FOR Z CCOos1
Q 90008 01301 TYPE 1 DATA PRINT 00052
Q 90009 01336 TYPE 2 OATA PRINT 00053
Q 90010 02271 TYPE | DATA EDIT AND STORE F. 00054
Q 90011 05961 INITIALIZE ORBiT GENERATOR 0C055
Q 90012 01191 SUB-SATELLITE POINT AND HEIGHT 00046
Q 90013 01101 SUNLIGHT DETERMINATION 00057
Q 90014 01126 SUN ENTRANCE OR EXIT DET, 000%8
Q 90015 01161 TIME (PER CENT OF ORBIT} [N SUNLIGHT 0C059
Q 90016 01226 NORTH PT, OR SCUTH PT., DET. 00060
Q@ 90019 0251¢ INITIAL ELEMENTS PRINT 00061
Q 90020 04001 SWITCH TAPE ASSIGANMENTS F. 00062
Q 90021 03001 INTERVAL CCORE CUMP FUNCTICN 0C061
Q 90022 00801 CCMPUTE AND STORE CONSTANTS 00064
Q 90026 02185 vQ 00065
Q 90027 02101 VMY 00066
Q 90028 02151 0CT PRCOUCT 0C067
Q 90029 02361 SIN 00008
Q 90030 02301 ARC SIN 00069
Q 90031 02341 SCUARE ROOT 00070
Q 90032 01601 RUN IDENT, LOAC AND PRINT ccorl
Q 90034 01561 ONE-WORD LOAD 00072
Q 90036 02951 WRITE BINARY TAPE TITLE RCCORD 00073
Q 90038 02496 WRITE BINARY TAPE END RECORD 00074
Q 90040 02471 STORE, WRITE SPRF TAPE DATA RECCRD aco 15

K = 00COC PAGE 001




ZMNMEFPEZINADDINRDPNTIFPIN>PESITFPIFPEIPEPIDNDODTMNARPEIIPEINTIANDIAMF  NNMTNIDIDOOO00DODHO0000DDOOL DODOCODOOODODNDODOC

90044
90045
90046
90047
90048
90049
90050
90051
90052
90053
90054
90055
90056
90057
90258
90059

90060
90061
90062
90063
90064
90065
90066
00076
00078
00086
00100
oolo1l
00665
006¢€6
007¢0C
00091
90059
00268
00000
00000
00125
00214
00000
00000
00000
00150
00164
00164
00164
00164
00125
00124
00:. 2
00137
00137
00137
00137
00138
00138
0013¢
00139
00139
00139
00140
00140
00145
00142
00142
00146
00200
00201
00700
00701
00204
00704
00129
00130
00148
00143
00143
00149
00179
00159

029171
02036
06300
017176
01751
02601
02201
01681
027¢C1
22771
02365
02801
02876
02656
02786
ocoos

03801
03601
03901
03851
03931
03876
01701
ooels
oos8le
00819
00821
ouB22
00837
nogts
ocsss

00035
00063
90020
90058
00056
00137
90034
90022
90021
90044
00151
00164
00164
00164
90001
0c151
00125
00126
00137
00137
00137
00129
00138
00131
00139
00139
00139
00134
00140
90002
00129
00142
00142
00145
00) 46
00145
00146
90003
00204
00124
00125
90002
00134
00143
00143
90003
00150

K

0C063
00000
00000
CA

00C00
c0000
00000
00000
00C64
00152
00064
00153
00151

00064
ool127
00064
oo128
00064
col3o0
00Gh4
00172
00064
00133
00064
00135
00124
00061
00130
o061

00200

00129
00061
00135
00061
00148

K

00000

cooce

SATELLITE JDENT. LOAD
PRINY ELEMENTS, DRAGS, EARTH CONSTANTS
FIRSY LOC. OF ELEM.,DRAGS FROM TITLE RECOR
J.D. - SEC., 10 J.D. - HR - MIN - SEC.
JeDe=SEC YO J.Co-HR=MIN
WRITE DATA RECCRD ON M.D.T. (TI)
ARC TAN (Y/X)
ANGLE REDUCER
R.A.M.S5. DATA LOAD F.
CALL BILM
CCS
F SUB C FUNCTICN
GREENWICH HCUR ANGLE FUNCTION
GEOMAGNETIC LATITUDE AND LONGITUDE
TURN ON SZNSE LIGHT 1
LOC.TC wHICH TRANSFER IS MADE
IF UNCERFLOW CR OVERFLOW OCCURS
INITIALIZE SUN TAPE READ F.
SUN TAPE READ FUNCTION
CCMPUTE, STORE DORB3 SPECIAL PCINT DATA
WRITE ORB3 TITLE RECORD
STCRE, WRITE ORB3 DATA RECORD
WRITE ORB3 END RECORDS
DATE FUNCTION
SEC/DAY
SEC/C.U.T.
2 Pl
DEG/RAD
KM/CoUal e
Pl
2 Pl
GAMMA/GAUSS

SET TQ GO TO B35 IF OVERFLOW
OR UNDERFLOW CCCURS

SWITCH TAPE ASSIGAMENTS

TURN CON SENSE LIGHT 1

030303020203020203020203020605150306ASNNNNNSNNNKNSNSSN

STORE PASS NO.FRCF CARD
CHANGE INITIAL COANSTANTS
COMPUTE AND STCRE CONSTANTS
LOAD INTERVAL CORE DUMP CARDS
SATELLITE IDENY. LOAD
PACK REF. DATE FRI#

SAT. IDENT. CAROD

DAYS JAN. 1-DREF

YREF

DAYS JAN.1-GREF

PACK CATE CF
‘TART OF RUN

YYMMDD
PACK TIME OF START OF RUN
HHMM
PACK DATE OF
END OF RUN

YYMMDOD

PACK TIME OF END CF RUN

HHMM

START DATE ON REQ. CARD TQ J.C.

STARY TIME ON REC. CARD IN SECCADS
START 4.0,
START SEC.

START TIME OF RUN IN C.U.T.

END DATE CN REC. CARD TO J.D.

END TIME CN REC. CARU IN SECONDS
END YIME CF RUN IN C.U.T.
SAT. NG.

PAGE

PAGE

002

8 coool

002

00076
coo77?
00078
09079
00080
00081
0Qo082
000¢e3
00084
00085
0co86
00087
[e]s]e): 1]
00089
00090
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104
0010%
00106
colo?
ocl108
00109
00110
00111
00112
00113
00114
00115
0o1l1le
00117
gol18
00119
00120
00121
col22
00123
00124
00125
00126
00127
00128
Go129
0c130
00131
00132
00133
C0134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
COl48
00149
00150
00151
00152
00153
00154
00155

ik, Al

E

ey

e, AR BRI DN oh 2 e v -

T
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K = C0CCC

00175 90011 00000 INIT.PRGG.PILCADS ORBL.TAPE TITLE RECORD)

00165 90032 00000 RUN IDENT. L0AC AND PRINT

00000 9C034 0VLOCO CHANGE COMFUTLL CCONSTANTS+TITLE RECORO DAY

00175 00055 0000% CID TITLz RECORD HAVE PROPER ID.IN WD.1

00164 0018) 00006 YES.1S TAPE REF.DATE=DATE FROM SAT,ID.CARD

00176 00204 00007 IS START TIME CF RUN EQUAL TO CR LATER
THAN 3RD TIME ON ORBITAL TAPE

YES.IS END TIME CF RUN EQUAL TC OR EARLIER
H&N 3RD FROM LASY TIME CN DRBITAL TAPE

00179 00177 00476

00727 00055 YES. SET IND.THAT M.0.T. NOT FINISHED
00728 00055 SET IND.THAT WMAP AND/OR SPRF NCT FINISHED
00685 +000000C0+0Q0

00477 GET STARTING ELEMENTS, DRAGS,

00686 90046 00685 ET.. FROM STORAGE INSIDE

00500 00685 00686 LOADED ORBITAL TAPE TITLE RECGRD
00685 00685 00056 AND STODRE IN L 3CS. 500-599

00064 00585 00477

00600 00151 YREF

00601 OC1S2 DAYS JAN. 1 - OREF

00602 01590 YR

00603 00591 ][]

00604 00592 pay

00608 90002 00600 OATE OF ELEMENTS 70 J.D.

00609 0C595 00660 SCALE SEC

00607 00593 00061 HR TC PMIN

00607 00607 00594

00607 00607 00061 MIN TQ SEC

00609 006C9 00607 SEC OF ELEM

00620 00523 00834
00599 00057 00684 00684

PERICD IN MINUTES
WAS ORBITAL TAPE GENERATED BY MCOI

00616 0CO55 YES. SEY P DOT = 0

00030

00684 ORARITAL TAPE WAS NOT GENERATED BY MLOI
00615 00550 00519 N 2= N2,/ N

00616 0C086 00519 2 PI/N

00616 00616 00615 (2 PI/N) (N 2)

00616 00616 00075 P DCT=-2 (2 PI/N) N 2)
00055 00616 00030 1S P DOT POSITIVE

00616 00055 YES. SET P 00T = O
00030

00415 00055

00416 00055

00417 00055 JeD.=0

00419 +50000000+00 ROUND VALUE FOR SEC.

00681

00597 00415 00481

00682

00481 GET TIMES OF DRAGS (IN CUT), CCNVERT

00418 00530 00415
00418 0C418 00078
00420 90047 00417

TO YYMMDC AND HHMMSS, ANC STCRE
WHERE DRAG LOAD F. WOULD HAVE

00420 90005 00420 J.0s TG ¥YACKED YYMMDD
00421 00421 00064 AHOC

00421 00421 00422 HHMM

00421 00421 00064 HHMI0C

00421 0C421 (0423 HHMMS S

00960 00416 00420
00961 00416 00421
00415 00415 00056
00416 00416 00057

00681
00682
20000 20045 00C0CO PRINT ELEMENTS, DRAGS, EARTH CCNCTANTS
00450 00056 CA 050706050706050706G5C706 NNNNNNNNNNNN
T0
00450 00056 VI 060707060707060707060707 NNNNNNNNAANAN

00448 00452
00451 00451 00101 LHANGE RADIAL CISTANCE
00452 00452 00101 MINIMUM AND MAXINMUM
00454 00454 00101 VALUES TC C.U.l.
00455 00455 Q0101
00457 00457 00101
00458 00458 CO0lO01L
00460 00460 00101
00461 00461 00101
TLMAGNETIL. FIELD COEFSICIENTS
00000 00056 TI

K = (CoooC

PAGE

PAGE

003

8 00477

B 00684

8 00030

8 00681

8 00481

B8 00682

003

00156
QolsH7?
00158
00159
00160
00le6l
00162
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
oolL78
00179
00180
00181
00182
00143
Q0184
oolds
00186
00187

oolss
00189
Q0190
00191
00192
00193
00194
00195
00196
00197
00198
C0199
00200
00201
00202

00203
00204
0020%
00206
00207
Go0208
00209
€0210
00211
Q0212
00213
Q0214
00215
00216

00217
00218
Go219
00220
00221
Cco222
00223
00224
00225
00226
oo2217
00224
00229
00230
Qu213l
00232




EODTIMAPNA=DIEID MODDIDPINGE MEATIINDINIIADITNIMIINITNEIIITIZIXEXERZIETN> EIPEIDID MIADITADINVNVPS XmiAD DN

T
00000
03300
00400
00405
00413
00703
00248
00248
00248
30670
00675
00692
00172
00670
00675
00448
00449
00044

00040
00449
00044
00613
00613
00613
n)£13
V0614
00621
N0622
00623
00624
00618
00618
00619
00619
00617
00617
00000
00925
00000
00900
00901
00205
00903
00904
00906
00908
00748
00734
00915
00917
00918
00919
00920
00095
00095
00688

00020
00000
05603
00265
00692
00015
00688
00168
00692

00022
00692
00074
00610
0060~
00601
00602
00000
00224
00213
00267

K

cococ

PAGE 004

JENSEN AND CAIN CCEFFICIENTS FOR 1960

00056 TI
90052 00055
00402

0cub6

00150 00414
+99999999+08
00145 00076
00248 00146
00248 00077
00671

00676

00690

00121 00020
00672

00677

00097 00040
00450

00055

005%0 00064
00613 00591
00613 00064
00613 00592
90001 00590
00501 00822
00516 00821
00515 00821
00517 00821
00521 00821
00618 00833
00522 00821
00619 00833
00616 00834
00617 00833
90063 00000
00055
90060 00000
00790
00701
90004 00204
00207
9Cul2 00204
00055
90013 006204
00089
00214
00z48
00085
00085
00085
00085
00092 00056
00095 00093

90036 00000
00136
0C055
00691
00691

00688

00040

00055 00022 00022

00691

00056

+50C0000C-02
20048 00608
00601 00604
90066 00600
90019 00000
00055

00072 00212
00213 00057

K

cogoc

LOAD R.A.M.S. DATA
SET M.0.T. DATA RECORD CNTR.
SET M.C.T. OUTPUT PAGE NC. = 1
LAST 4 DIGITS GF SAT. ID. NO.
SET INITIAL TIME AT WHICH DATA IS STORED
CHANGE TIME OF START
OF FIRST PASS TO SECONDS
AND ROUND 70 ONE CEC. PLACE
SEY VARIABLE CCNNECTORS FOR NC ORB3,
WMAP,OR SPRF CUTPUT (RESET LATER
IF FIND CUTPUT REQUESTED)
IS ORBITAL TAPE FORMAT-3A TO BE WRITTEN
YES. SET VARIABLE CONNECTORS
TO WRITE GRB3 TAPE ON TC
WAS 1 M.0.T.-ORB3 QUTPUT INTERVAL GIVEN
YES. STORE IT FOR ORB3 TITLE RECORD

MORE THAN 1 INTERVAL WAS GIVEN B 00040
DELTA T FOR ORB3 TITLE RECORD =0
8 00044

YYMMDD OF EPOCH

DAY CCUNT OF EPOCH
EPOCH A (KM.)

1 (DEG.)

ARG.OF PERIGEE (DEG.)
R.A.OF ASC.NODE (CEG.)

ARG.OF PERIGEE DOV (DEG/DAY)
R.A.OF ASC.NODE DCT (DEG/CAY)

FERIOD DOT (MIN/DAY)
WRITE ORB3 TITLE RECORD
ORB3 RECORD STG.CNTR.=0
INITIALIZE SUN TAPE READ F,
JoD. -1 SET PREVIOUS ORB3 QUTF T
SEC. -1 TIME=STARY TIME CF RUN
COMPUTE FIRST 2
SET 2 -1= 7 AT STARY TIME
LAY —-1= LAT, AT START TIME
DIFF -1=0
SUN -1 = SUN DET. FOR STARY TIME
PER CENT CF PASS IN SUN=999
SET INITIAL ORB3 PASS NO.
SEC. CF START CF FIRST PASS
SET SECONDS OF SUN ENTRANCES
AND EXITS IN FIRST PASS=-9°S

(WORDS/0RB3 DATA ITEM)(ITEMS/RECORD-1)

SAT.PCS. ¢ R.FIELD TAPE IS TO BE WRITTEN 8 00020
WREITE TITLE RECORC ON TaPE
SET INTERVAL BET. DAVA ITEMS ON TAPE
SET BINARY RECCRD STG., CNTR. = 0
SET B69228691,T0 WRITE SPRF TAPE ON TC
SET B15 = 8691
8 00688
IS REFINED WMAP BEING WRITTEN ON TD
NO.GO TO B691(FCR SPRFIOR TO B6YO(ND SPRF)

YES 8 00022
SET 869238691L+T0 WRITE WMAP

PAGE CCUNTER=1

RCUND VALLE FCR MIN.

JoDo~HR-MIN OF ELEM

DAYS JAN. 1 - CATE OF ELENM,

YRy MGy DAY OF ELEMENTS

PRINT INETIAL ELEPMENTS

SET TO PRINT FiRST DATA POINT ON LINE
TYPE 1 DATA LINES/PAGE

TYPE 1 DATA ITEMS PER PAGE

PAGE 004

00233
0234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
€0245
00246
00247
C0248
00249
00250
00251

00252
00253
00254
00255
00256
00247
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
002715
00276
00277
00278
00273
€0280
co281
00282
00263
C0284
00285
0028¢
00287
o268
00289

00290
60291
00292
00293
00294
00295
00296
00297
00294

00299
00300
00301
003v2
00303
00304
00305
00306
00307
co3us
00309

|
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00144
00268
00268
00268
00269
00270
00269
00271
00271
00271
00272
00272
00272
T
00000

K

00136 00061
00620 00144
00268 00079
00268
00268 00c 7
00269
002¢9 00270
00269 00267
00271 00079
0C271
00271 00057
00272 00C79
00272

00057 Pa

= 00000

DELTA T IN MINUTES

PERIOC /7 DELTA T

ROUND CUOTIENT

INTEGER PART=DATA [TEWMS/PASS

(DATA ITEMS PER PASS) / (CATA ITEMS PER PA
INTEGER PART=FULL PAGES PER PASS

(FRACT.PART) (DATA [TEMS PER PASS)
ROUND PROCUCT,+GET INTEGER PARY
IT=NO.CF DATA ITEMS FOR PARTLY-FULL PAGE

NO.GCF DATA LINES FOR PARTLY-FULL PAGE

T THE PASS NUMBER CCMPUTED FOR THE START TIME OF THIS MAP IS

00214
00223
00261
00262
00205
00238
00259
00263
00240
00285
00024
00011

00012
00214
00285
00293
00294
00248
00011
00273
002¢6
00318
00329
00307
00340
00351
00362
00250
00251
00252
00253
00216
00217
00013
00270
00274
00466

00465
0274
00466
01617
00215
00015
00024

00691
00704
00690
00205
00718
00719
00720
00719
00720
00720
00450
00486

00485
00451
00720
00725

00056 PA
00214 00056
00200

00201

90004 00204
00207

90012 00204
00055

90013 00204
00055

00691

00214 00056
90006 00COO
00055
00055
00249

00055
0C055
06055
00055
00055
00055
00055
00055
00085
00085
0cos8s
0coss
0C055
00055

00273 00465
00212

0cz213

9C005 00200
00055
0Ce691

00204 00696

90004 0C704
00205 00205
00206 00206
00718 00719
00207 00207
00720 00719
90031 00720
00055 00485

00720 00487
00452 00487
0C450

1515151506

00485

= C€0000

SSSSN
SET PASS NO. FOR FIRST MONITOR PRINT
J. 0. =12 SET TIME CF PREV.LAT.=
SEC. -1 START TIME CF RUN

COMPUTE FIRST 2

SET Z -1 = FIRST 2

SET LAT ~1

SET DIFF -1 = ¢

SUN DEY. FGR FIRST TIME

SET 824 = 1691

THIS IS START OF A PASS
PASS NO. +1

COMPUTE ASC. NCDE CATA
MAKE LATITUDE AY TIME uF

ASCENCING NODE=0

SEC. CF START CF PASS

CNTR. CF FULL PAGES PRINTED = O
SET TO ZERO THE FIRST LOC.

OF THE DATA FCR EACH
SPECIAL POINT

SET SECONDS OF SUN ENTRANCES

AND EXITS IN NEW PASS= ~9°'S

CNTR. CF FALF~-LINES STNRED=0

CNTR. GF FULL LINES ° RED=0

BEGIN STORING A NEW raoE

HAVE ALL FULL PAGES BEEN PRINTEC
YES.SET LINES TO STORE IN LEFTY HALF OF

NC

PAGE = LINES/PARTLY-FULL PAGE

SEY LINES VO STORE IN LEFTY HALF OF PAGE

= DATA LINES / FULL PAGE

CATE FCR TCP CF PAGE

TABLE S{ORAGE CNTR.=0

SET B15 = Be69l

GC 10 B691, TO B19, OR TO B653

WPAP AND/CR SPRF TAPE IS BEING WRITTEN
1S NEXT M,0.T.s0R EARLIER THAN NEXT WMAP
YES. (ALSO COME HERE IF NC WMAP CR SPRF)
PCS. + VEL. VECTORS FCk ORBIT TAPE

R X N X X

sC.

sC.

SQ. ¢+ Y SQ.

sC.

SC. + ¥ SQ. + Z SQ.
(RADIAL ©U1SY. IN CUL)

IS 1 1=0
YES. DCN'T COMPUTE

IS R = DR MORE THAN R MIN 1
YES. IS R a2 OR LESS THAN R MAX 1
YES. SET CUTPUT INTERVAL = I 1

PAGE

PAGE

005

B 00012

8 00011

8 00013

B 00465

B 00466

8 00691

8 00690

B 00485

005

00310
00311
00312
00313
00314
00315
00316
09317
00318
00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
00336
00337

00338
00339
00340
00341
0342
00343
00344
00345
00346
C0347
00348
00349
00350
00351
00352
00353
00354
C0355
003%6
00357
00358
00359
00360
00361
00362

00363
00364
00365
C0366
003617
00368
00369

00379
00371
00372
oniry

1374
oul 5
0037/»
co377
c0378
00379
00360
G036l

00382
00383
C0384
00385
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00488

00487
00453
00486

00489
00454
00720
00725
00488

00490
00456
00486

00491
00457
00720
00725
00488

00492
00459
00486

00493
00460
00720
00725
00488
00705
00706
00707
00275
00670

00672
00923
00924
00923
00635
00630
00631
00904
00912
00912
00644

Q0050
00916
00916
00916
00757
00646
00758
00945
00757
00098
00647
00909
00914
00914
00648

00649
00949
00647
00651

00650
00669
00914
00667
00733
00000
00918
oov1?
00669

00055

00720
00455
00453

00055

00720
0Cc458
00456

00055

00720
004061
00459

00205
00206
00207
90012

00700
00701
00923
00923
00700
00701
00207
90007
00055

00225
00916
00916
00055

00225
00757
00787
00757
00054
90013
9C014
00055

0C229
00644

00651
60056

00935
9C062
00085
00228

K

cacce

00489 00489

00490
00490

00491 00491

00492
00492

00493 00493

00486
00486

00704

C0900
00901
00076
00924

00$03
00050

00076
00226
00077

00757
00758
00CS6
00646

00704
00908

00052

00649 00649

00650

00568 00668

00000

00673 006173

X

cococ

IS 1 2=0
YES. DON'T COMPUTE

IS R = OR MORE THAN R MIN 2
YES. IS R = OR LESS THAN R MAX 2
YES. SET CUTPUT INTERVAL = I 2

IS 1 3=0
YES. DON*T COMPUTE

IS R = OR MCRE THAN R MIN 3
YES. IS R = OR LESS THAN R MAX 3
YES. SET CUTPUT INTERVAL =1 3

IS 1 4=0
YES. DCON*T COMPUTE

IS R = DR MURE THAN R MIN 4

¥ES. 18 R » OR LESS THAN R MAX 4
YES. SET CUTPLT INTERVAL =1 4
CCMPUTE DATA FCR THIS TIME

SUB~SATELLITE PT.+ MY, F,
GO TO 6672 "(ORB3) OR TO B&T7) (NC ORB3)

CCMPUTE DATA FCR ANY ORB3 SPECIAL POINTS
THAT CCCURRED BETWEEN THE PREVIOUS
AND CURRENT OLTPLT TIMES

DELTA T (SEC)=CURRENT-PREV.OUTPUT TIME
JoDo 1 CURRENT URB3 OUTPUT TIME
SEC. 1

I SIGMN-CHANGE CEV.
HAS SIGN CF I CHANGED
NO

YESy FROM - TO ¢ (ASC.NODE)

TIME COF END OF PASS IN SECONDS
SAVE TIME OF ASC.NODE AND POS. + VEL.
VECTORS AT THIS TIME FOR LATER USE

SET TO GO TO BS54 WHEN FINISH ASC.NODE DATA
SUNLIGHT CET.

SUN ENT. CR EXIT DET.

WAS ENT. OR EXIT MADE

NO

YES

DID ENT.OK EXIT PRECEDE ASC. NCLE

NC.SET TO GO TC B644 WHEN FINISH ASC.NOOE
DATA, TO PUT ENT.OR EXIT IN NEXT PASS

ENT. OR EXIT BELONGS IN THIS PASS

SET TC GO VO B&51 WHEN FINISH ENT/EXIT DAT
IS THIS ENTRANCE

VES. SUN ENTRANCE NAS MADE

COMPUTE, STORE ORB3I SUN ENTRANCE DATA [ITEM
HAS AN EXIT OCCURRED IN THIS PASS
NO. STORE SECONDS OF FIRST ENTRANCE

PAGE 006

B 00487

B 00489

8 00490

8 00491

8 00492

B 00493

B 00488

8 00672

B 00050

B 006406

8 00649

8 00650

8 00667

PAGE 006

00386

00387
00384
00389

00390
00391
00392
00393
00394

00395
00396
00397

00398
00399
00400
00401
00402

00403
00404
0040%

00406
00407
0040¢
00409
20410
G041l
Clal12
00413
00414
00415

C041l6
00417
00418
00419
00420
00421
00422
00423
00424
00425
00426

C0427
00428
00429
00430
C0431
00432
00433
00434
00435
00436
00437
00438
00439
00440
00441

0442
00443
00444
00445

00446
00447
00448
00449
00450
Q0451
J0452
00453
00454

P
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00673
00919
00669

00668
00733
60000
00919
00918
00669

00674
00920
00669

00651
00757
00652
00758
00225
00757
00098
00648
00637
00748
00734
00733
00000
00915
00917
00918
00919
00920
00647

00052
00733
00000
00644
00669
00909
00914
00914
00054
00903
00908
00633
00634
00639
00913
00913
00680

00678
00733
00000
u0680

00679
00733
00000
00680
00905
00900
00901
00671
00715
00716
00755
00755
00715
00716
00756
00756
00715
00716
00715
00716
00716
00758

0C228

0093e
90062
00085
00228

00228

0C055

00945
00757
00757
00757

00908
90015
00734
00931
90062
00916
0coas
0C085
0c08s
00085

009133
9C062

00054
90013
90014
00055

00904
00909
00900
00901
00905
9Co16
0CG55

00932
90062

00934
90062

0G276
00700
00701

00206
00205
90050
00755
00209
00208
90050
00756
00204
00209
0C715%
00210
007195
9Co3!:

K

00000

coccce

20674 006174

00757
00758
00056
C€06&52

Las15
00056

00000

00C00

00704
00908
00667

00906
00678

00000

00000

00715
00100

00715
00100
00208
00209
00716
00210
00716
00716

K

00668

co619

caccc

AN EXIT HAS ALREADY OCCURRED
STORE SECCNDS CF SECGND ENTRANCE

SUN EXIT wAS MADE

COMPUTE, STORE ORB83 SUN EXIT DATA ITEM
HAS A SECCND ENTRANCE OCCURREC YtI
NC. STCRE SECONDS OF FIRST gXIT

SECCND ENTRANCE HAS ALREADY OCCURRED
STORE SECCNDS CF SECOND EXIT

GET TIME CF ASC.NODE AND POS.+ VEL.
VECTCRS AT THIS TIME (TO BE USED TO
COMPLTE ASC. MNODE DATA ITEM)

SUN -1
COMPUTE PER CENT CF PASS IN SUN
ADD 1 TO PASS NUMBER

COMPUTE ¢ STORE ORB3 ASC.NJIDE DATA I[TEM
SECONDS OF START CF NEwW PASS

SET SECONDS OF SUN ENTRANCES

AND TXITS IN KEW PASS=-9'S§

SIGN CHANGE WAS ¢+ TO -
COMPUTE ¢ STORE CRB3 DESC.NODE CATA ITEM

SET TO GO TO BS4 WHEN FINISH ENT/EXIT DATA
SUNLIGHT CET.

SUN ENTRANCE-EXIT DET.

wWAS ENTRANCE OR EX1T MADE

1 -t =21

SUN-1 = SUN 1

JeDo -1 PREVIOUS ORB3 CUTPUT TIME
SEC. -1

LAT -1

NP CR SP CROSSING DET.
WAS CROSSING MADE
NC

YES. NCRTH POINT wWAS CROSSED

COMPUTE, STORE ORB3 NCRTH POINY DATA ITEM

SOUTH POINT wAS CROSSED
COMPUTEs STORE CORB3 SCUTH POINT CAvA ITEM

LAT -1sLAT 1
JeDe ~1= JoD. 1
SEC. -1= SEC. 1

INERTIAL RT. AS. = ARC TAN (Y/X)
INERTIAL RV. AS. TO DEG.

VELOCITY RT. AS. = ARC TAN (Y CCT/X DOT)
VELOCITY RY. AS. TO DEG.

X DOT SQ.

Y DOT SQ.

X OCT SQ. ¢ Y COT SQ.

z DCT SsQ.

X DCT SQ. ¢ Y COT SQ. ¢+ I DOT SC.

SQ. RT. OF ABOVE = MAG. OF VELOCI(Y

PAGE

PAGE

007

006173

00668

00674

00651

00652

00648

00052

00644

00054

00678

00679

00680

00671

o0?

00455
00456
00457

00458
00459
00460
00461
00462
00463

00464
00465
00466

00467
00468
004069
00470
C0&71
004172
00473
00474
00475
00476
00477
00478
004179
00480
00441
00482
00483
00484
00485

00446
00487
00438
00489
00490
00491
00492
00473
00494
00495
00496
004437
00433
C0499
0500
0501
00502

00503
0050G4
00505
CC506

00507
00508
0C509
00510
00511
00512
00513
00514
0051%
00516
cosS1?
00%14
00519
00520
00521
00522
00523
00524
00825
00526
005¢7
00528
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00758
00795
00758
00037
00718
00715
00757
00757
00482

00483
00757
00482
00757
00751
00752
00000

00797
00767
00053
00737
00765
00043
00799
00766
00039
00754
00000
00000
co770
00771
00000
00717
00717
00760
00796
00760
00041
00761
00750
0c000
00675

00677
00735
00736
00737
00738
00739
00740
0070%
00742
00733
00000
00676
00703
00701
00494

00486
00701
00494
00704
00148
00149
00692

00696
00204
00172
00698

00694
00205
00275
oo172
00048

001758
00758
00795

90031
00210
90050
00665

00757

00757
00745
00746
90053

00767
00797

00765
00797

00766
00799

00766
90056
90055
00770
00771
90057
90054
00717
00720
00760
00796

00761
006720
90049

00205
00206
00207
00208
00209
ooz21¢
0C704
90061
00930
90064

00704
00701

oc701

9C003
0c700
00701

00703
00122

90004
90012
00122

K = (Co00C

00859
00037

00715

00715
00483

00666

00100
00100
00100
00000

00053

00043

00039

00750
00000
00000
0ol00
00100
00000
00761
00717
00717
00041

00100
col01
00000

00101
00101
00101
00859
00859
00859
00080
00709

00000

00725

00136

00700
00692 00051
00692 00051

00694 00654
00699 00699

00204
00204
00699 00699

K = C000C

MAG. OF VEL. IN KM/SEC
DCES MAG.CF VEL.EXCEED 99.9
SET MAG. CF VEL. = 99.9

LET X = SC. RT. OF (X DOT SQ. + Y DOT SQ.)
LET Y = Z DOTY

THEN VEL. DECL. = ARC TAN {Y/X)

DOES DECL. EXCEED PI RADIANS

VEL. DECL. EXCEEDS PI RADIANS

(VEL. DECL.) - (2 PI)

NC

VEL. DECL. TO DEGREES

LONG. TO DEGREES

GEOC. LAT. 7O CEG.

BILM (COMPUTES L.,8, B/BO, F SUB
THETA, F SUB PHI, F SUB R)

DCES B/BO EXCEED 99.999

SET 8/80 = 99.999

DOES L EXCEED 99.999
SET L = 99.999

DOES B (GAUSS) EXCEED .99999
SET B = .99999 GAUSS

CHANGE B FROM GAUSS TO GAMMA UNITS
CSaPUTE GREENWICH HOU ANGLE

F SUB C (COMPUTES REAL FIELD RT.AS.AND DEC
REAL FIELD RT.AS. TO DEG.

REAL FJELC DECL. TO ODEG.

COMPUTE GEOMAGNETIC LAY. AND LCNG.
COS (GEOMAGNETIC LAT.)

C0S SQ. (GEOM. LAT.)

RC = R/COS SQ. (GEOM. LAT.)

O0ES R SUB O EXCEED 99.99

SET R SUB 0 = $9.99

GEOMAGNETIC LATITUDE TO DEG.

RADIAL DIST. TO KM,

WRITE DATA RECCRD ON M.0.T.

GO TO B677 (ORB3) OR TO BOT76 (NC ORB3)

COMPUTE REMAINING ORB3 DATA FOR THIS TIME
CONVERT SATELLITE POSITION
VECTOR TC KM,

COMVERT SATELLITE VELOCITY
VECTCR TC XM/SEC

OLTPUT TIPME IN E.T.
GET SUN PCSITICN VECTOR ATV THIS TIME

STORE CR83 REGLLAR SATELLITE CATA ITEM

SET TIME FOR WHICH DATA STORED
INCREASE TIME BY CUTPUT INTERVAL

R IS NOT WITHIM ANY REQ. RANGE
INCREASE TIME BY SEARCH INTERVAL

REDUCED J.D. , SEC. TO C.U.T.

00 J.D. ECUAL END J.D.

YES. DO SEC EQLAL END SEC

NC. GO TO B691(IF WRITING WMAP AND/COR SPRF

OR TG B690 (IF WRITING M.0.T. CNLY)

COMPUTE DATA FCR SPRF TAPE AND/CR wMAP
IS TIME=TIME CF LAST M.O.T.DATA COMPUTED
YES.IS SPRF TAPU BEING WRITTEN

YES. STORE DATA IN SPRF RECORD

NC DATA HAS BEEN COMPUTED FOR THIS TIME
COMPUTE POS. + VEL., VECTORS

CCMPUTE LONGITLDE,LATITUDE, AND HEIGHY
IS SPRF TAPE BEING WRITTEN

YES

PAGE

PAGE

008

B8 00037

B 00483

B8 00482

8 00053

8 00043

8 00039

8 00041

8 00677

B 00676

8 00486

8 00494

8 00696

8 00694

8 00048

008

00529
00530
005131
00532
00533
00534
00535
CG5 36
00537

00% 38
005 39
Q0540
00541
00542
C0%43
00544
00545
00546
0054 ¢
00548
00549
00550
00551
00552
00553
00554
00555
00556
00557
00558
00599
00560
00561
00562
00561
00564
00565
00566
00567
00%68
00569
00570

00571
00572
00573
00574
005175
00576
0os 17
00578
00579
00540
00581
00582
00583
00584
00585

00586
00587
09588
00589
00590
00591
00592

03593
00594
C0595
C0596
00597
00593

00599
00600
00601
00602
00603
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00752
00750
00000
00799
50766
00047
00797
00765
00698
00000
00168
00021

00699
00635
00630
00631
00239
00219
0o21ls
00653

00017
00249
00249
00249
00757
00659
00758
00945
00757
00098
00024
00241
00242
00242
00657

00658
00949
00024
00655

00656
G002
00242
00025
00251
00329
00250
00029

00027
00340
00252
00029

00026
00252
00351
00251
00029

00028
00362
00293
w0029

00658
00757
00654
00758
00225
00757
00098
00657
00637
00245
00000
00000

00746
00720
20053
00766
00799

00765
007917

90040
0C055

00136
00200
00201
00207
9C007
00055

00225
00249
0024y
00055

00225
00757
00757
00757
00019
90013
9C014
00055

00229
00653

00655
00056

60085
90006
00228

90006
00228

00085
900Gé
00228

90006
00228

00055

00945
00757
00757
00757

00240
90013
90008
900C9

K

00100
00101
00000
00047

00698

00000
00699

00238
coo17

00076
00226
00077

00757
00758
00056
00659

00204

00240
00658

00656

00026

00027
0000C

00C00

00028
00000

00000

00757
00758
00056
00654

00248
00000
00000

GEOC.LAT. TO DEGREES
GECC.DISTANCE 10 KM,
ENTER BILM, TO COMPUTE L, B
DCES B (GAUSS) EXCEED .99999
SET B = .99999 GAUSS

DOES L EXCEED 99.999

SET L = 99.999

STORE LONG.,LAT.,0IST.,L, AND B FCR
SPRF, WRITE RECORD IF FULL ONE STORED
1S wWMAP BEING WRITTEN

NOC

CCMPUTE WMAP DATA FOR QUTPUT TIME
DELTA T (SEC)= WMAP OUTPUT INTERVAL
JoDo 1 CURRENT WMAP OUTPUT TIME
SEC. |}

SIGN-CHANGE DET.
HAS SIGN CF Z CHANGED
NC

YES, FROM - TO + (ASC. NOCE)
CHANGE TIME OF END

OF PASS 10 SECONDS

AND ROUND TO CNE DEC. PLACE

SAVE TIME OF ASC.NODE AND POS. ¢+ VEL.
VECTORS AT THIS fIME FOR LATER USE

SET TO GO TO B19 NHEN FINISH ASC.NODE DATA
SUNLIGHT CET.

SUN ENT. OR EXIT CET.

WAS ENT. OR EXIT MADE

NC

YES

DID ENT.OR EXIT PRECEDE ASC.NOCE

NO.SET TO GO TC B653 WHEN FINISH ASC.NODE
DATA, TO PUT ENT.OR EXIT IN NEXT PASS

ENT.OR EXIT BELONGS IN THIS PASS

SET 10O GO TOD 8655 WHEN FINISH ENT/EXIT DAT
IS THIS ENTRANCE

SUN ENTRANCE WAS MADE

HAS A SUN EXIT GCCURRED

NC. CCMPUTE DATA FOR FIRST ENTRANCE

STORE SECCNCS CF FIRST WMAP SUN ENTRANCE

AN EXIT HAS OCCURRED, SO
COMPUTE DATA FOR SECCND ENTRANCE
STORE SECONDS OF 2ND WMAP SUN ENTRANCE

SUN EXIT WAS MADE

HAS A SECCND ENTRANCE OCCURRED

NC. CCMPUTE DATA FOR FIRST EXIT
STORE SECCNDS OF FIRST WMAP SUN EXIT

SECOND ENTRANCE HAS OCCURRED
COMPUTE DATA FrR SECOND CXIT
STORE SECONDS CF 2ND WMAP SUN EXIT

GEY TIME CF ASC.NCOE AND POS.+ VEL.
VECTORS AT THIS TIME (TC BE USEC TO
COMPUTE ASC. NCDE DATA)

CCMPUTE PER CENT CF PASS IN SUN
PRINT REM. DATA FOR THIS PASS
PRINT END-OF-PASS DA .

009

00047

00698

00699

00017

00659

00658

00656

00025

00027

00026

00028

00655

00654

00657

009

00604
00605
00606
00607
00608
00609
00610
00611
00612
00613
00614
00615

00616
00617
00618
00619
00620
00621
00622
00623

00624
00625
00626
00627
00628
00629
00630
00631
00632
00633
00634
00635
00636
00637
00648

00639
00640
00641
00642

00643
00644
00645
00646
00647
00048
00649
00640

00651
00652
00653
00654

00655
00656
00657
00650
00659

00660
00661
00662
00663

00664
00665
00666
0uso?
00668
00609
00670
00671
00672
00673
006174
00675
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K

00223 00214 0CO12
00223 00223 00109

T ASCENDING NODE

15020793u30303070405030509

cocceo

SHOULD ASC, NCLE MONITOR LINE BE PRINTED
PASS NC. FOR NEXT MONITOR PRINT

SSNNNNNNNNRNN

00285 00056 PA
00012 GO BACK TC START NEW PASS
00018 SIGN CHANGE WAS ¢+ TQ -
00307 90006 00000 COMPUTE DESC. NGDE DAYA
00315 0CO055 MAKE LATITUCE AT TIME COF
00316 00055 DESCENDING NODE=O
00653
00029 00019 SET TO GO TO B19 WH'N FINISH ENT/EXIT DATA
00241 90013 0C204 SUNLIGHT DET,
00242 90014 00240 SUN ENT. TR EXIT DET,.
00242 00055 00025 00026 wAS ENT. OR EXIT MADE
00019
00238 00239 SEY Z-1s=ll
00240 00241 SET SUN -1 = SUN 1
00049
00633 00261 JoDe -1 PREVIOUS WMAP DUTPUT TIME
00634 00262 SEC. -1
00639 00260 LAT. ~1
00264 90016 00263 NP OR SP CROSSING DET.
00264 00055 00033 00032 WAS CRCSS'NG MADE
00034 NC
00033
00296 90006 00000 YES. COMPLTE DATA FOR NORTH POINT
00034
00032
00318 90006 00000 YES. CCMPUTE DATA FOR SOUTH PODINT
00034
00260 00276 LAT -1 = LAT 1
00261 00200 VIME CF LAT -1
00262 00201 = TIME OF LAT 1
60000 90010 00CCO ECIT AND STCRE TYPE 1 DATA
00224 00055 00470 004170 IS THIS FIRST DATA POINT
00224 00056 YES. PRINT IT CN-LINE
T
00000 00056 PA
T DATE
01617 00056 PA 0807 SN
T HR Ml LCNG.DOEG LAT.DEG H. KM
00108 0CO056 PA 150905 SSN
T . .
04000 00056 PA 010303040503050902 SNNNNNNNA
T
00000 0C058 PA
T YKMOCA HR M $S5.S5S PASS LONG.DEG LAT.OEG H.KM
00108 00056 PA 1515151505 SSSSN
00470
00213 00217 Q0C21 1S RIGHT HALF CF PAGE FULL
00000 90008 00COQO YES. PRINT PAGE
00273 00273 00056 (CNTR, OF FULL PAGES PRINTED) + 1
00015 0CO13
00024 00691 SET 824 = B6°)
00021
00201 00201 00136 YES. INCREASE TIME BY DELTA T
00204 90003 00200 REDUCED J.D., SEC. TO C.U.T.
00148 0C200 00015 00031} 00 J.0. EQUAL ENC J.D.
00149 00201 20015 0CO31 YES. DU SEC. ECUAL END SEC.
00015
00051 ALL DATA MAS BEEN WRITTEN ON ORBIT TAPE
00402 00400 00479 WAS LAST M,0.7. PAGE FULL
00480 YES
00479 NC
00401 C0402 00400 NC. OF BLANK LINES YO GO CON M.0.T.
T
00000 00401 T1I
00480
Tl END
00000 00056 Ti
00000 00068 T1
00727 0CO56
00172 00121 00693 00687 1S ORB3 YAPCL BEING WRITTEN
00000 90065 00000 YES. WRITE END RECORDS ON ORB3, ECF, REWIN
00687
XK = GocoC

A-10

PAGE

PAGE

010

00018

00653

00019

00049

00033

00032

00034

004170

00021

00G51

02479

00480

ooby?

010

00676
00677
00678
00679
00680

00681
Qo682
00683
00684
00685
00686
00687
00688
00689
00690
00691
00692
006313
00694
00695
00696
00697
06698
00699

00700
00701
00702

00703
00704
63705
00706
00707
00708
007u9
60710
00711t
00r12
00713
00714
0071%
00716
oorL?
00718
00719
co0720
co721
Q0122
00723
00724
0072%
00726
00727
007239
001729
oc130
00731
001732
00733
00734
00735

00736
00737
00738

00739
00740
00741
00742
00743
00744
00745
00746
00747
00748
00749
60750

[y
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K = C0000 PAGE 011

r. 00186 20055 00693 00693 IS WMAP BEING WRITTFN ou7HtL
E 00697 NO. EMC OF RUN 0a74%2
® B 00693 SOR7 TAPE AMD/CR WMAP IS BEING WRITTEN B8 00693 007513
C 00728 00055 00697 00697 IS IT FINISHED 00794
R 00727 00056 NC.SET IND.THAT ORBIT TAPE IS FINISHED 00755
E 00696 AND GO FINISH SPRF AND/OR WMAP (/R A Y
° B 00031 8 00031 001757
C 00172 00127 00023 00023 IS SPRF TAPE BEING WRITTEN 007586
F 00000 90038 00071 YES. WRITE END RECORDS CN SPRZ,EQF.REWIND 50759
C 00168 0005% 20023 00023 IS wMAP BEING WRITTEN 00760
E 00689 NC 03701
* B 00023 8 00023 00762
M 00249 00148 00076 CHANGE TIME OF END 00763
A 00249 00249 00149 CF PASS TO SECONDS 00754
A 00249 00249 00077 AND ROUND TGO CNE DEC. PLACE 00765
R 00637 00240 00766
F 00245 9CC15 00248 CCMPUTE PER CENT CF PASS IN SUN 00167
F 00000 90008 00000 PRINT ANY REMAINING TYPE 1 007¢en
F 00000 90009 00COC AND TYPE 2 DATA 007¢59
C 00223 00214 00473 SHOULD ASC. NODE MONITOR LINE BE PRINYED 00770
A 00223 020223 00109 PASS NO, FOR NEXT MONITOR PRINT 0071/
T ASCENDING NOOE - - . aG?172
P 00285 00056 PA 15020702030303070405030509 SSNNNNNKNANAN 007713
¢ B 00473 B 00473 00774
Tl THE END 00175
P 00000 00056 TD 00776
P 00000 0C068 TN 00717
e B 00689 ® 006139 007178
C 00727 00055 00697 00697 IS MeGeTe FINISHED 00779
R 00728 00056 NC. SET IND.THAT wMAP AND/CR SPRF TAPE 00780
E 00690 FINISHED AND GO FINISH M.0.T. 00781
® B 00697 8 00697 00782
¥ 20783
P 00000 00058 Pa 00784
T THE END 0078%
P 00000 00056 PA 00786
P 00000 00063 TEB cora?
C 00002 0CO55 00683 DCES LOC. C0002 CCNTAIN O 00784
€ 00002 YES. END OF RUN 00789
e B 00883 JUMP TO ANCTHER PRCGRAM B 00643 CC7%9C
J 00002 Co7s1
007192
e B 0003S ELIMINATE OVERFLCW OR UNDERFLOR + CCNTINUE 8 0003% 00793
v 001794
? & & 8 & % & 5 % 90 0 % 0 8 8 3 B S A9 NS 4R PPN NN e 00798
O INARY CARD 00796
8 INARY CARD 00797
® & 0 5 8 9 O8N 8 80 BB P BB A DA BN RN A NN P 006N
39 DLR AR
¢ B 00009 COME HERE FROM INITIALIZE PROG. P OR ER.m B8 00009 cosco
PROG. P FOR ORB1 IF TAPE CHECK FOUNL coect
T YAPE CHECK CON BINARY GRB1 TAPE CN TE (NORPALLY B-3) 008¢2
P 00000 00056 PA 00803
E 00003 C0804
s 8 00010 CCME hERE FRUM SUN TAPE READ F. 8 00C1C acaus
IF TAPE CHECK FCLND 00806
T YAPE CHECX ON OCD SOLAR PERTURBATICNS TAPE CN TF (NORMALLY B-4) 00807
P 000V0 00056 PA 00804
€ 00003 ocece
e B 00005 8 00005 00810
T FIRST WORD OF TITLE RECQRC ON TE (NORMALLY B8-3) IS NOT ORB1 0081t
P 00000 00056 PA 00812
P 00000 0CO63 TEB oeeld
E 00003 00814
e 8§ 00006 £ 00006 cos8ls
TREF.DATE ON ORBY TAPE ON TE DCES NCT ECUAL CATE CN SAT.1D. CARC co8le
P 00000 0COS6 PA 00817
P 00000 00063 TES 00818
E 00003 o089
¢ & 00007 8 ooQu7? 00820
TSYARY TIME OF RUN IS TCO EARLY FOR CRB1 TAPE ON TE (NORHALLY 8-3) 00821
K = (o00CC PAGE Ol1

A-11




P 00000 0CO56&6 PA
P 00000 00063 TEB
€ 00003
B 00476
TEND TIME OF RUN IS TOO LATE FOR ORB1 TAPE ON TE (NORMALLY 8-3)
P 00000 00056 PA
P 00000 00063 TEB
€ 00003
8 00038
T NO R.A.M.S. DATA IN TABLE FCR J.D. =

P 00700 0C0S6 PA 151508C4 SSSN
E 00003
K 00000 - - - T T I I S e
K 03820

FORTRAN RECORD FORMAT

631115

A.C. MABRY
v 00006 +00C00000+00
vV 00007 +100C0000+01
v 00008 +30001000+05
vV 00009 +4097C00C+04
Q 90000 Q00CO
8 00001
R 00010 0COCé CLEAR COUNTER FCR 10001 TC 0O
G 00013 9Co0CC 00008 GET FIXED POUINT 1
8 00014
Z 00012 00013 ACO FIXED POINT 1
A 00C10 00010 00CO7 ACD 1 TO 1C001 CCUNTER
C 00010 0CO0CS 00003 Q0014 HAS 10001 BEEN REACHED
N 00001 YES
R 00016 0COO6 CLEAR CK. SUM STORAGE TO O
R 00010 oCoOCé CLEAR COUNTER TO C
R 00015 00012 PLT 1C001 INTG WORD O STORAGE
G 00005 000C! 00003 GET SIZE GF DATA CELL
X 00011 00015 FLOATING INC. TO FIXEOD DEC.
H 00001 0C004 00015 HCOLC CLT wCRD C
E 00017
8 00017
A 00004 00004 COCO7 ACD 1 TO LCCATICN OF WORD O
G 00013 0C001 GO0004 GEY DATA wGRDS
z 00016 OCC13 SUM DATA WORDS
A 00010 00010 00007 ADD 1 TO CK. SUM CCUNTER
€ 00010 00005 00003 00017 ARE ALL DATA WCRDS SUMMED
H 00002 00004 00016 YES.HCLD CuT CK. SUM
H 00003 00004 00015 HOLD OLY LAST wORD OF RECCRD
€ 00002
8 00011
» 90000

L R R A A A N N R R R R E N N O I I U R N S S S

BINARY "CARTC

LI R I R N R N R R A A A R S R R R R S
9

[ ]
30 00001 THIS CARD FOLLOWED BY BLANK AND INPUT DATA

K = cococ

K = (CococC

A-12

PAGE

PAGE

8

8

8

012

004176

00038

00001

00014

00001

00017

00011

012

ooez2
00823
00824

00825
00826
00827
cos2e
00829

00830
coa31
00832
00833

C08s4

00835
008306
00837
€0838
00839
00840
00841
C0842
00843
00844
00845
C0846
00847
00848
00849
06850
00851
00852
008%3
Cc085¢
00859
008%6
00857
€0858
00859

00860
00861
00862
00863
00864
00865
00866
00867
00868

00869
co879
00871
00872
00873
00874
00875
00876

00877
00878
06879
008480
00881
Q0882
0833
00884
00885
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00000

00002
00003
00055
00056
00057
00058
00059
00060
00061
00062
00063
00054
00065
00066
00067
00069
00070

00071
00072
00073
00075
00077
00079
00080
00081
00083
00084
00085
00089
00090
00091
00092
00093
00094

00097
00098
ooio08
00109
00110
oo111
00195
00196
00121
00122
00791
00202
00212
00220
00227
00402
00702
00730
00731
00785
0G4l1l
00412
00414
00435
00436
00437
00438
00439
00440
00441
00442
00495
00496
00497

K =

0000cC

FUNCTIONS FOR REFINED WORLD MAP 620221

R104

+00000000+00
+00000000+00
400000000404
+10000000+01
+20000000+01
+30000000+01
+$0000000+01
+24000000+02
+60000000+02
+90000000+01
-10000000+01
+1000C€000+03
+10000C00+05
+99999999+08
+70000000+01
+16000000+02
+50000000-02

+60000000+01
+48000000+02
+15000000+02
-20000000+01
+50000000-01
+50000000+00
+35000000+02
+10000000+01
-10000000+01
+10000000+02
-999999%9+08
+99900000+03
+25600000+403
+25300000+03
+12000000+02
+21000000+4+02
+16000000+02

+99999900+06
+11000000+02
+10000000+04
+10000000+02

REF

INED
+10000000+01
+10000000+02
+91000000+02
+9200070C+02
+10000000+04
+500000C0-02
+50000000+01
+15000000+02
+50000000-02
+47000000+02
+50000000-01
SPRF
OR3A
+30000000-02
~00000000+00
+00000000+00
+60000000+05
-PE
T.
-MCO

1 Te
~BRW
ReTa
-HST

r.
+00000000+00
+00000000+00
+10000000+01

K

AND FOR

MASTER ORBIT TAPE RCUTINE

ARCHIVE VERSION °*

00000

JUNE 1965

VALUE CARDS FOR MASTER ORBIT TAPE EXECUTIVE RGUTINE

NGRMAL SETTING,FOR O JUMP AT END OF RUN

LEAST TIME CHANGE THAT [S SIGNIFICANT
IN INTERPGLAYICON FOR SP.PTS. (SECONDS)

NO.OF RECORDS PER PAGE ON TD

FACTOR TO ADD TO J.T.T0 GEYT E.T.(SEC)
SUN TAPE I[DENT.
NO.STORED IN LGC.00000 IF TAPE CHECK FOUND
NO.OF TIMES TO TRY TO READ TAPE RECORD
START-OF-PASS SETTING OF SUN ENT,EXIT TIME
SUN PER CT. FOR QRB3 REC. WITH NC ASC. NOD
NGC. OF WORDS IN CRB83 DATA RECORC
NO. OF DATA WORDS IN ORB3 DATA RECORD
NO. OF DATA ITEMS IN CRB3 DATA RECORD
WORDS/DATA ITEM [N ORB3 RECORD
WORDS PER DATA ITEM IN ORB3 RECCRD

THAT ARE A FUNCTION OF TIME

NO.BY WHICH TO MULT.KM.OF HEIGHT + RANGE
NO. OF PASSES BETWEEN ASC.NODE MONITOR PRI
TYPE OF MAP (FOR
PRINTCUT ON FLY PAGE)
SET FOR INTERVAL CORE DUMPS ON TAPE
MAX.NC.OF INTERVAL CORE DUMPS
1 (ALPHABETIC)
2 (ALPHABETIC)
NO. OF ADDITICONS TO MAKE FOR DELAY
ROUND VALUE FOR MIN,
NON-DATA LINES/PAGE OF TYPE 1 DATA
MAX. NO. CF ENC-CF-PASS LCATA LINES PER PAG
ROUND VALUE FOR SEC.
DATA RECORDS PER PAGE ON TI
ROUND VALUE FOR OUTPUT MIN.
FORM OF DATA IDENT. FOR SPRF TAPE
FORM OF DATA IDENT. FOR ORB3 TAPE
ERR =.003 (INPUT TO BILM)
SAT,IDENT. TO PRINT ON FLY PAGE
SAT.IDENT.FOR PAGE HEADER ON TI

ORBIT THEORY IDENVIFICATIONS
FOR FLY PAGE PRINTOUT

Ky
Jy
AND I VECTORS

PAGE

PAGE

0ol

001

00001
00002
00003
03004
60005
00006
00007

00008
0000%
00010
coo1ll
00012
00013
QU014
C0015
C0016
00017
00018
00019
0028
00021
00022
00023
00024
00025
00026
00027
00024
00029
00030
00031
00032
000.13
00034
00035
00036
00037
00038
00039
C0040
00041
00042
00043
00044
00045
00046
Co047?
00048
00049
00050
00051
00052
000513
00054
00055
00056
00057
00054
00059
Q0060
00061
00062
00063
00064
00065
00066
C0067
00068
00069
00070
Qco71
00072
00073
00074
00075
00076
00077
00078
00079
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00498
00499
00660
00661
00795
00796
00797
00798
00799
00930
00931
00932
00933
00934
00935
00936
00937

00000
00800

90001
90002
90003
00001
00005
00006
00007
00008
00009
00010
00011
00018
00028
00029
00032
00033
00034
00052
00035
00036
00037
00038
00039
00044
00045
00046
00047
00048
00049
00025
00025
00056
00023
00023
00056
00059
00062
00060
00060
00061
00002

00015
00000
00001

00002
00004
00005
00006
00007

00009
00011
00012
00015
00016
00025

K =

+00000000+00
+00000000+00
+10000000+04
+35000000+03
+99900000+02
+99990000+02
+59939000+02
+99999000+05
+993%9000+00
+10000000+01
+20000000+01
+30000000+01
+40000000+01
+50000000+01
+60000000+01
+70000000+01
+99000000+02

FQ026
02361
02365
02341

+10000000+401
+20000000+01
+40000000+01
=10000000+01
-20000000+01
+60000000+02
+90000000+02
90003 00062
00005 00017
00050 00016
00022 00051
00015 00016
00016 00010
00053 00016
00022 Co0s2
00035 00051
00019 00006
00008 00019
000C2 00019
90002 00027
90001 00027
00006 00C19
00005 00010
00054 00021
00020 00016
00005 00028
00057 00025
30028 00028
00006 00028
00023 00056
00019 00007
00022 00016
00016 00022
0C311 00C60
00060 00021
00061 00021

+86400000+05
+80683200+03

+29700000+03
+62831853+01
+72921159-04
+57295780¢02
+63783880+04

+67108864+08
+20000000401
+40915752+00
+0000000G+00
+00000000+00
+10000000+01

K

00000

PAGE

1000

NO.OF WORDS IN SPRF TAPE RELORD
MAX.MAG.OF VEL.VECTOR ALLOWED
MAXIMUM RO ALLCWED

MAX. L AND MAX. B/BO AL'OWEC

MAX. B ALLOWED (GAMMA)

MAX. B ALLOWED (GAUSS)

ID. FOR 0ORB3 REGULAR SAT. DAYA ITEM
ID. FOR DRB3 ASC. NODE DATA ITEM
I0. FOR ORB3 NORTH PT. DATA ITEM
10. FOR ORB3 DESC.NODE DATA ITEM
ID. FOR ORB3 SOUTH PT. DATA ITEV
ID. FOR ORE3 SUN ENTRANCE DATA [ITEM
ID. FOR ORB3 SUN EXIT DATA ITEM

ID. FOR ORB3 SPECIAL DATA [TEM

~ CONSTANTS POJOL FOR MASTER ORBIT TAPE

00815

SINE
COSINE
SQUARE ROOT F

90 DEG.

MU= GMes]l/2

FLATNESS COEFFICIENY
MOTION OF TAU IN RAD/C.U.T.
MILES/C.U.L.

C.U.T./DAY

MIN/C.U.T.

C.UoTo/HR
(KM/CoUel o) {CULTo/HR)
(MI/CelUele)(CalaTo/HR)

Pl

-2 Pl

~4 Pl

Y COMPONENT OF U2 VECTOR

I COMPONENT OF U2 VECTUR

A PJ

HR/MIN

RAD/HR

ROTATION CF EARTH IN RAD/C.U.T.

B (POLAR RADIUS OJF EARTH IN C.U.L.)

Fee2 {F = FLATNESS GF EARTH)
2F

E#e2 = 2F - Fes2 (E=ECCENTRICITY OF EARTH)
P1/2

(KM/Calel o) (Cel)aTa/SEC,)

{CaUal/KM) {SEC/C.U.T.)

90-78.2

GEOC.COLATITUDE OF NORTH GEOMAG.PGLE {(RAD.
LONG.OF NORTH GEOMAG.POLE (RAD.)

SCC/DAY

SECONDS/C.U,T. (C.Uu.T, =
CANCNICAL UNIT OF TiIME)

1/F

2 Pl

ROTATICN CF EARTH IN RAD/SEC

DEG/RAD

KILOMETERS/C.Usle (CoUol. =
CANONICAL UNIT OF LENGTH)

20026

Ky DEG. OF POLYNCMIAL

23 DEG. 26 MIN. 34.795 SEC.

TOL. FOR MAG. OF (RXU)

TOL. FOR (UNIT R} DOT (U)

X COMPCONENT OF Ul VECTOR

PAGE

002

8 00001

002

09080
00081
0coa2
00083
00084
00085
00086
0Qos7
000838
00089
00C90
00091
00092
00093
00094
00095
00096
00097

00098
00039
col100
00101
00102
00103
00104
00105
00106
ool107
00108
00109
00110
oolll
ooll2
00113
00li4
00115
00116
o0o1l17
oo118
00119
Qo129
00121
00122
00123
00124
00125
00126
00127
00128
00129
20130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141

00142
00143
00144
00i45
00146
00147
00148
00149
00150
00151
00152
00153
00154
00155
00156
00157

T A
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00026
00027
00028
00035
00036
00038
00039
00042
00043
00045
00046
00047

00000
01000

00006
00007
00001
0o0go8
00012
00009
00010
00007
00010
00009
00015
00001
00002
00013
00009
090009
00011
00011
00001
00002

00005
00012
00013

00014
00010
00009
00015

00000
01020

JULIAN

20001
90002
90003
00001
00005
00007
00007

anm
0GCCs

00006
00006
00006
00006
00009
00001
00002

00000
01035

506001
90002
90003
90004
90005
90006
90007
90008
90010

K =

+00000000400
+00000000+00
+00000000400
+19910638-06
+16093472+01
+36000000+04
+15000000+402
+10000000401
+10000000+06
+78200000+02
~69000000+02
+10000000+01

00815

PAGE

Y COMPONENY OF Ul VECTOR

I CCMPCNENT OF Ul VECTOR

X CGMPONENT DF U2 VECTOR

MOTION OF TAU IN RAD/SEC

KM/MY

SEC/HR

DEG/HR

RADIUS OF EARTH IN C.U.L.

GAMMA /GAUSS

GEOCENTRIC LATITUDE OF NORTH GECMAG.POLE
LONGITUDE OF NORTH GEOMAGNETIC POLE
MU®#2=CM

F 115 -~ REDUCED JULIAN DAYS - SECCNDS TO Cuv

00816
00815

+10600000+01
+00000900C+00
00001 00003
00102 00003
00010 00005
00010 00007
00009 00008

00003 00009
00003 00010

00009 00007
000C9 00006
00010 00006
00011 00009
00004 00011

00010 00014

00010 00007
00009 00008

00151
00125
01701

+10000000+03
00001 000603

90002 20007

20001

90003 00006

00006 00005

00006 00007

00006 00005

00006 00008

00004 00009

SEC/C.U.T. 1
SEC/DAY 1
REDUCED J.D., SEC. TO C.U.T. F.

ENTER WITH (Z) = J.Dey» (Z+#1) = SECONDS
EXIT WITH (2) = J.D.y (2+41) = SECONDS
LESS THAN 86,400, (X)=C.U.T. 15 LCCS.

SECONDS

DO SEC. ECUAL GR EXCEED ONE DAY

YES. (SEC)-(SEC. IN DAY)

JeDaotl

Je0e AND
REDUCED SEC.

J.D. TO SEC.

ARE SEC. ZERO CR POSITIVE
YES

SEC. ARE NEG.
SEC. + SEC. N DAY (70 MAKE SEC. POS.)
Jo G - 1

DAYS TO PACKED DATE (YYMMLD)

YEAR OF REFERENCE I
DAYS JAN. 1-DREF t
DATE FUNCTION F

JeD. TO PACKED DATE F.

ENTER wITH (Z)=J.0.—EXIT WITH
(X)=YYMMDD, THE CORRESPONDING DATE

DAYS JAN. 1 THRU DATE

YREF

JeD. TO YR,MO,DAY

YYOQ

YYMM

YYMMOC

YYMMDD

F 149 - SIGN-CHANGE ODETERMINATION FOR 2

00630
005631
01066
01001
00225
0022¢
00229
00230
06001

K =

C1035

POS.+ VEL.VECTORS AT Z-2ERO
ORBIT GENERATOR

J.D. OF 2 1 I
SEC. OF 2 1 I
INTERPOLATION FOR Z-2ERO F
REDUCED JoD.-SEC.TO C.U.T. F
J.D. TINE CF 2-1ERD, 0
SEC. If I-ZERO=Z1 0
T (ColaTe} 0

0

F

PAGE

003

00001

00015

00013

00005

00014

8 00001

003

00158
00159
00160
0061
00162
00163
00164
00165
00166
00t67
00168
0ol69

00170
00171
00112
00173
00174
0oL75
00176
00177
00178
00179
00180
00181
oois2
coLr83
00184
00185
00166
00187
ool88
00189
00190
00191
00192

00193
00194
00195

00196
00197
00198
00199

00200

00201
00202
00203
00204
00205
00206
0c207
c.208
00209
00210
Qo211
00212
00213
00214
00215
00216
00217
00218

00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229
00230
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MMATNMTTOOI®

mI®

moo®

moo mITo

mITw

MBROODDIDLCLCLC<POODODODOODO x x mIo

m»xnom

000v1
00013
00014
00015
00016
oool7
oools
00018
00017
00009

00021
oovol
00008
90005
90006
90007
90008
00002

00007
00001
00008

00005
00017
00009

00010
00000
00001
00002

00006
00017
00009

00011
00000
00001
00002

00009
0000°
00002

00000
01065

90001
90002
90003
95004
90005
90006
90007
90008
90009
90C10
30011
00001
00014
00015
ooote
00027
00017
90006
90007
00011
00011
00006
00008
00009

00C05
00006
00008
00609

K = 01035

+00000000+00
-10000000+01
+10000000+01
+40000000+01
00001 00003

00002 00003

00013 00005 00006
00013 00007 00021

00004 0015

90001
90002
90004 90005
90010 90007

00004 00014

00013 00009 00010

90003 00015
00004 00015

00013 00011 0ULO0G9

90003 00013
00004 00014

00004 00013

SIGN-CHANGE DET. FOR Z

ENTER WITH (Z)=2 -1,(2+1)=7 1.IF THEIR SIG
DIFFER OR IF 21=Z-1ERC,COMPUTE TIME,CORRE
VECTCRS FOR Z ZERO.EXIT WITH (X)=1 IF CHA
IS =T0+,{X)=-1 IF IS +T0-,(X)=0 IF NO CHA

-1

1

IS 21=0

YES. TEST Z -1

1 -1=0. ASSUME NO SIGN CHANGE

Z1 IS 0y2Z-) IS-¢S0 ASC.NODE CROSSED

JeDuy

SEC. OF I1=TIME CF Z-Z€RO
TIME OF Z-ZERO IN CUT
POS«.+ VEL.VECTGRS FOR Z~ZERO

1 IS 0,
I-1 1S+,50 DESC.NODE CROSSED

1 IS +
TEST Z-1
1-1=0. ASSUME NO SIGN CHANGE

1 IS "|Z"‘l IS et

SO ENTER INTERPOLATION F. TO
FIND TIME OF ASC. NODE AND
CORRES.POS.+ VEL.VECTORS

Zl1 IS -
TESY I-1
2-1=0. ASSUME NO SIGN CHANCE

21 [S—y2-1 IS+,
SO ENTER INTERPOLATION F. TO

FIND TIME OF DESC. NCDE AND
CORRES.PUS.+ VEL.VECTORS

NO SIGN CHANGE

F 150 - INTERPOLATION FOR 2-ZERO

00635
00630
00631
01001
06001
00225
00226
00229
00230
00232
0C079

+10000000+01
+20000000+01
+00000000+00
+00000000+00
90001

90002

90003

00001 00003
00016 00005 00005
00007

00009

00009
00007

K = (Cl065

DELTA T IN SECGNDS I
JoD. TIME OF 21 1
SEC. FOLLOWKING SIGN CHANGE 1
REDUCED JaD.-SEC.TO C.U.T. F F
ORBIT GENERATOR F
Jo Do TIME OF U
SEC. I IERC 1]
T(CUT) TIME OF Z ZERQ o]
POS.+VEL. VECTCRS AT TIME OF Z-ZERD 0
I-COMFCNENT OF PCS. VECTOR a
TCL.FCR SIGNIFICANT TIME CHANGE (SEC) I
INTERPOLATION FOR Z
ENTER WITH (Z) =0 IF SIGN CHANGE WAS + TO
(Z)=1 IF WAS - TO +. EXIT WITH J.U.ySEC.,
CUT,POS.+VEL.VECTORS FOR Z ZERC IN Q-LUCS
1 ZERQ

SET BEGIN COMMANDS, ACCORDING
TO DIRCCTICN GF "NTERPOLATION

PAGE

PAGE

004

8 00001

8 00021

8 00008

8 00007

B 0000%

8 00010

B 00006

B 00011

B 00009

8 00001

8 00005

004

00231
00232
00233
00234
00235
00236
00237
00238
00239
00240

00241
00242
00243
00244
00245
00246
00247
00248

00249
00250
00251

00252
00253
00254

00255
00256
00257
00258

00259
00260
00261

00262
00263
00264
00269

00266
00267
00268

00269
002170
00271
00272
00273
C0274
00275
00276
00277
00278
00279
00280
00281
00282
00283
00284
006285
00286
00287
00288
00289
00290
00291
00292
Cu293
00294
00295

00296
00297
00298
00299
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00007
00017
90007
00010

00009
00017
90007
00010
90008
9000¢
90011
90010
00002

00000
01100

9000.
90002
90003
90004
90005
90006
90007
90008
90009
90010
90011
90012
90013
90014
90015
90016
90017
90018
90019
00007
00008
00001
90006
00018

00017
00019
00018
00001
00009
00014
00015
00016
00009
00009
00010
00009
90009
00011
90009
90009
90009
00011
00009
00019

ocol9
90006
90006
90006
90006
20000
90006
90C06
90006
90006
00020
90006
00001
00002

00017
90007

00017
90007

9C004
90005
00017
00027

00831
00840
00843
00155
00829
00830
02361
02365
02185
02101
02111
02121
02131
02151
02161
02176
02341
02187
0c828

K

00015
0001 ¢

00015
00017

90006
90008
00002
00006

= 01065

ooocs

DELTA T = (DELTA T1)/2
SEC + DELTA T

OELTA T = (DELTA T)/2
SEC - DELTA T

JoD.-SEC. T0 C.U.T.
COMPUTE PQS. + VEL. VECTORS

WILL ANY FURTHER TIME CHANGE BE USEFUL

YES. 1S Z=Z-ZERO

F 061 - SUNLIGHT DETERM WITH OBLATE EARTH

+00000000+00

+10000000+01

00007 00017 00017

00020

00001
00002
00003
00004
90005
90004
90007
90008
90010
90016
90010
90016
90013
90015
30011

90011
90006
90006
90017
90006
90006
90006
90006
00008

00009
00004

00003
00003
00003
00003
00009
00009
00009
00009
90003
00010
90002
00009
00011
00014
00011

00014
90006
00008
90006
90018
00016
90006
90019
90006

00005
00008

K

= (Q110C

T2, TOLERANCE FOR (UNIT R) DOV (u)
Ul VECTOR

U2 VECTOR

LONG. OF SUN ON REF. DATE (TAU)
MOTION OF LONG. OF SUN (TAU DOT)
Tl, TOLERANCE FOR MAG. OF (R X U)
SIN

cos

vQ

VMV

VECTOR MAGNITUDE

VECTOR DIRECTICN

VECTOR ADD

DOT PRODUCT

CROSS PRODUCT

SCALAR MULT.

SQ. RT.

V SUB W

Fy FLATTENING COEFFICIENT

ZERO

ONE

FO61 SUNLIGHT CETERMINATION FUNCTION
1S OBLATE CORRECTION TO BE MADE
YES.

NC.
SET SWITCH TO NO

ENTER HERE AFTER FIPST TIME

(TAU CCT) {INPUT TINME)
T=TAU+(TAU DOT)(INPUT TIME)
SIN T

ccs 71

U 2 INTO VvQ

(U 2)(SIN T)

U 1 INTO VvQ

(U 1) (COS T) INTC VQ

U=(U 1){CCS Ti+(U 2)(SIN T)
R XU

MAG. OF (RXU)

MAGNITUDE OF R

Res2

(Rea2)-1

A=z SQ. RY OF (Ree2)-1
WXA

Z +{WXA)=B

Bewe2

FeBoasn2

TOLLl= 1-FeaBee?

IS MAG. OF (RXL) LLSS THAN TOLERANCE
NO. SATELLITE IS IN LIGHT

M OTTTNATNTINITNNOMNT o

PAGE 005

B 00007

8 00009

B8 00010

8 000C1

B 00017

8 00018
N 00001

B 00019

8 00020

PAGE 0095

00300
00301
00302
C0303

00304
00305
C030¢
Q0307
00308
00309
gn3g
00311
oc312

C0313
00314
00315
0C316
co317
00318
00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
003131
00332
00333
00334
00335
00336
00337
001338
001339

C0340
00341
00342
00343
00344
00345
00346
00347
N0344
00349
00350
00351
00352
00393
00354
001355
001356
00357
00358
00359

00300
00361
00362
00363
00364
00365
00366
003017
003648
Q0369
60370
00371
00372
00373




K = Cl100 PAGE 006

8 00005 YES. MAKE OTHER TEST B8 0000% 00374
F 00011 90012 00014 UNIT R 00375
F 00010 90014 00011 (UNIT R) DOT(W) 00376
C 90001 00010 GOQULSG IS (UNIT R} DOT (U) LESS THAN TOLERANCE 00377
H 00001 00004 00008 NO. SATELLITE IS IN LIGHT 00378
E 00002 00379
B 00006 YES. BOTH TESTS PASSED 8 00006 003480
H 00001 00004 00007 SATELLITE IS IN DARK 00381
€ 09002 00382
K 00000 - - - R T T S T 00383
K 01125 00384
F 153 - SUNLIGHT ENTRANCE OR EXIT DETERM 00385
Q 90001 00630 J.0. TIME OF SUN I 00386
Q 90C02 00631 SEC. INGICATOR 1 I 00387
Q 90003 00635 DELTA T (SEC) I 00388
Q 90004 01001 REDUCED JoD.-SEC.TO C.U.T. F F 00389
Q@ 90005 06001 ORBIT GENERATOR F 00390
Q 90006 01101 SUNLIGHT DET. F, F 00351
Q 90007 00225 J.D. TIME OF SUNLIGHT ENYRANCE OR o} 00392
Q@ 90008 00226 SEC. EXIT (IF ANY) 0 00393
Q 90009 00229 T(C.U>Ta} 0 00394
Q 90010 00230 POS.+VEL.VECTORS AT ENT.OR EXITY 3] 00395
G 90011 00070 TOL.FOR SIGNIFICANT TIME CHANGE (SEC) 1 00396 )
Q 90012 00077 ROUND FACTOR FOR SEC OF ENT. OR EXIT I 00397
Q 90013 00815 SEC/DAY 1 00398
Q 90014 00228 SEC. OF ENT. OR EXIT (ROUNDED) 0 00399
B8 0000, SUN ENT. OR EXIT DET. ENTER WITH (Z)=SUN B 00001 00400
vV 00005 +00000000+00 IND.-1,(Z+1)=SUN IND.1l. IF THEY ARE EQUAL 00401
vV 00006 +10000000+01 EXIT WITH (X)=0.IF THEY DIFFER,COMPUTE TI 00402
vV 00007 ~10000000+01 + POS.+VEL.VECTORS AT ENT.OR EX1T. EXIT 00403
v 00008 +20000000+01 WITH (X)=1 IF ENT.,(X)==1 1F EXIT.(34 LOC 00404
G 00020 00001 00003 SUN INDICATOR -1 00405
G 00021 00002 00003 SUN INDICATOR 1 00406
C 00021 00006 00009 00009 IS IND 1 = 1 (IS SAT. NOW IN SUN) 00407
€ 00020 00006 00010 00010 YES. IS IND. =1 = 1 (WAS SAT. THEN IN SUN) 00408
8 00011 YES 8 00011 00409
H 00001 00004 00005 NO ENTRANCE OR EXIT 00410 .
E 00002 00411 .
B 00009 SUN IND.1 = O (SAT. NOW IN DARK) B 00009 00412 N
C 00020 00006 00011 00011 IS SUN IND.~-1 = 1 (WAS SAT. THEN IN SUN) 00413
H 00001 00004 00CO7 YESy SO SUN EXIT HAS OCCURRED 00414
R 00012 00013 SET BEGIN COMMANDS 00415 '
R 00014 00015 00416 '
E 00019 00417
8 00010 SUN INC.1 = 1 (SAT. NOW IN SUN) AND 8 00010 00418
H 00001 00004 00006 SUN IND.-1 = 0 (SAT. THEN IN DARK)}, SO 00419
R 00012 00015 SUN ENTRANCE HAS CCCURRED 00420
R 00014 00013 00421
8 00019 B 00019 00422 ‘
R 00022 90013 00423 4
R 90007 90001 00424 i
R 90008 90002 00425 %
8 00013 INTERPCLATE FOR TIME OF ENTRANCE OR EXIT 8 00013 00426 )
D 00022 00022 00008 DELTA T=(DELTA T)/2 00427 3
S 90008 90008 00022 SEC - DELTA T 00428
€ 00016 00429
8 00015 8 00015 00430 i
0 00022 00022 00008 DELTA T=(DELTA T)/2 00431
A 90008 90008 00022 SEC + DELTA T 00432
8 00016 8 00016 00433
F 90009 90004 90007 JeDe= SEC TO CuT 00434
F 90010 90005 90009 POS.+ VEL. VECTORS AY NEW TIME 00435
F 00023 90006 90009 SUN DET. 00436
C 90011 00022 00018 WILL ANY FURTHER TIME CHANGE BE USEFUL 00437
C 00023 00006 00012 00012 YES. SEE Ir SAT. IN SUN AT NEW TIME 00438
E 00014 00439
8 00018 8 00018 00440
M 90014 90007 90013 00441
A 90014 90014 90008 SEC. OF ENT. OR EXIT 00442
A 90014 90014 90012 ROUND SEC. TO TENTHS 00443
E 00002z 00444
00445
K = (C1l12% PAGE 006
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K = 01125 PAGE 007

K 00000 - =~ - =~ - - - - - - - - - -4 =4 -4 - -4 4 - - = 00446
K 01160 00447
¢ TIME (PER CENT OF ORBIT) [N SUNLIGHT 00448
; Q 90001 00637 SUN INDICATOR 1} 1 00449
§ Q¢ 90002 00085 VALUE OF SEC.OF ENT.OR EXIT IF CIDN'T QCCU 00450
I3 « B 00001 PER CENT CF TIME IN SUN F. 8 00001 00451
% vV 00014 +10000000+403 ENTER WiTH (Z)=TIME OF START CF PASS IN S 00452
¥ vV 00015 +00000000+00 (2+41)=SEC.OF END OF PASS,(1+42)=SEC.OF 157 00453
z vV 00016 +60000000+02 SUN ENT.,(2+43)=SEC.OF 1ST SUN EXIT,(Z2¢4)= 00454
: vV 00019 +10000000+02 SEC.OF 2ND SUN ENT.,(2+45)=SEC.CF 2ND SUN 00455
¥ EXIT. EXIT WITH (X)=PER CENT OF PASS IN S 00456
é G 00021 00001 00003 SEC. CF START CF PASS 00457
K G 00022 00002 00003 SEC. OF END OF PASS 00458
= G 00023 00003 00003 SEC. UF FIRST ENTRANCE 00459
. G 00024 00004 Q0003 SEC. OF FIRST EXIT 00460
E‘ G 00025 00005 10003 SEC. OF SECOND ENT. 00461
oy G 00026 00006 00003 SEC. OF SECOND EXiT 00442
e C 00023 90002 00005 00005 WAS FIRST ENTRANCE MADE v0463
1 C 00C24 90002 00006 000C6 NO. WAS FIRST EXIV MADE 00464
p ¢ 90001 0CO15 0Q0GOT 000CT NC. SEE IF PASS AtL IN SUN DR QUT 0G465
R 00017 00015 SUN IND.=0, SO NO TIME IN SUN 00466
E 00010 00467
* B 00007 SUN IND.=14y SO ALL PASS IN SUN 8 00007 C0468
R 00017 00014 PER CENT OF TIME IN SUN = 100 00409
€ 00010 00470
» B 00005 FIRST ENTRANCE WAS MADE 8 00005 00471
C 00024 90002 00008 QOCC8 WAS EXIT MADE 004172
S 00017 00022 00023 NO. "~ IME IN SUN={SEC. OF END OF PASS) 00413
E 00009 -{(SEC. OF ENT.) 00474
* B 00006 NC FIRST ENTRANCE, BUT HAD EXIT B 00006 00475
S 00017 00024 00021 TIME IN SUN= (SEC. OF EXIT) 00476
€ o001 -{(SEC. OF START OF PASS) 00477
« B 00008 FIRST ENTRANCE + EXIT WERE MADE 8 000CH 00478
S 00017 00024 00023 TIME=(SEC. OF EXIT)I-(SEC. OF ENT.) no&479
« 8 00011 8 00011 00440
C 00025 90002 00012 00012 WAS SECOND ENTRANCE MADE 00481
E 00009 NO. SC NO SECOND EXIT 004k2
+ B 00012 SECOND ENTRANCE WAS MADE 8 00012 00483
C 00026 90002 00013 00013 WAS THERE SECOND EXIT CO4t4
S 00018 00022 00025 MC. ADD (SEC.UF END OF 4 ..SS) 00485
A 00017 00017 00018 -{SfZ. OF SECCOND ENT) Y0 TIME 00486
E 00009 00487
« B 00013 SECOND ENY. AND EXIT WERE MADE 8 00013 00488
S 00018 00026 00025 ADD (SEC. OF SECOND EXIT) 00489
A 00017 00017 00018 -(SEC. OF SECCOND ENT.) TC TIME 00490
= 8 00009 8 00009 00491
D 00017 0C017 000l6 TIME IN SUN (MINUTES) J0492
S 00020 00022 00021 LENGTH OF ORBIT IN SEC. 00493
D 00020 00020 COClLé6 LENGTH OF ORBIT IN MIN. 00494
D 00017 00017 00020 00495
M 00017 00017 00014 PER CENT 00496
* B 00010 8 00010 00497
H 00001 00004 00017 STORE QUT PER CENT IN SUN 00498
E 00002 00499
¥. 00000 - - = e et e 00500
K 01190 00501
F 068 - SUB-SATELLITE POINT AND ntIGHT 00502
Q 90001 00154 LAMBDA Z2ERO I 00503
Q 90002 02341 SQUARE ROOT F 00504
Q 90003 02201 ARC TAN F C050S
Q 90004 023¢(1 ARC SIN F 00506
Q 90005 02365 COSINE F 00507
Q 90006 02361 SINE F 00508
Q 90007 Ols681 ANGLE REDUCTICN F. F 00509
Q 90008 00825 B (POLAR RADIUS CF EARTH IN C.U.L.) I 00510
Q 70009 00823 Eee2 (E = ECCENTRICITY OF EARTH) 1 00511
Q 90010 00720 R (RADIAL DIST. IN CeUcle) o} 00512
Q 90011 00746 GEOCENTRIC LAT. (RAD.) 0 00511
Q 90012 00745 LONGITUDE (RAD.) 0 00514
Q 00007 00849 ROTATICON OF EARTH IN RADIANS/C.u.T. 1 00514
Q 00013 00821 DEG/RAD { 0051e

XK = 0119C PAGE 007

B-7
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00019
00029
00030
00001
00005
00006
00014
00033
00020
00022
00021
00023
00024
00025
00024
00025
00024
90010
o021
00020
00020
00021
90012
00023
90011
00026
00027
00026
00026
00028
00028
00022
00026
00022
00028
00028
00022
00022
00022
00023
00723
00027
00028
00028
00028
00024
00024
00025
00025
90012
90012
00032
00021
00001
00002
00003
00002

00031
90012
00032

00000
01225

90001
90002
90003
90004
90005
90006
90007
90G08
90009
90010
90011
90012
90C13
90014

K

00822
00837
oos1ls

+00000000+00
+20000000+01
+10000000+01
437500000400
00001 00003
00CcG2 00003
00003 00003
00004 00003
00022 Q0022
00021 00021
00024 00025
00023 00023
00024 00025
90002 00024
30003 00021
00020 00007
90007 00020
00021 90001
00021 00020
00023 90010
90004 00023
90006 90011
90005 90011
00026 00027
00026 90009
00027 00027
00028 90009
00014 00028
00026 00022
00028 00006
00028 00028
00028 00033
00014 00022
00022 00028
00022 90008
00022 00026
00023 90010
90010 00022
00026 00023
00028 00006
00014 00028
00028 00027
00024 00019
90011 00023
V€025 00013
90007 90012
00029 00031

90012 00013
00004 00021

00004 00025
000C4 00024

90012 00030

cl119¢0

KILCMETERS/C.U.La 1
PI 1
2 Pl 1

SUB-SATELLITE POINT 4 HEIGHT FUNCTICON

ENTER WITH (Z) = T{CUT) AND WITH R, THE
SATELLITE POSITION VECTOR (CUL),STORED IN
Z414242,AND Z+3. EXIT WITH (X)= LONGITUDE
IN DEGREES, (X+1l)= GEODETIC LATITUDE IN
DEGREES, (X+2)= HEIGHT ABOVE SPHEROID IN
KM. AND WITH RADIAL DIST.(CUL),LONG.(RAD)
AND GEOCENTRIC LAT.(RAD.) IN Q*D LOCS.
USES 33 LOCATIONS

X SQUARED
Y SQ.

X SQ. + Y SQ.
1 SQ.

X SQ. + ¥ SQ. + 7 SQ.
R (RADIAL DIST.)
ARC TAN Y/X

REDUCE ANGLE

LAMBDA

Z/R

MU PRIME (GEQCENTRIC LAT.)
SIN (MU PRIME}

COS (MU PRIME)

COSw#e2 (MU PRIME)
(Ee®2)COSwe2 (MU PRIME)

DELTA PRIME

(E=24)COSes4 (MU PRIME)

(R SUB E) PRIME

(R SUB E PRIME)(DELTA PRIME)
X1

R - (R SUB E) PRIME

DELTA PRIME (XI)

1 - (DELTA PRIME)(XI) 7/ 2
HEIGHT {({C.U.l.)

HEIGHT (KM, }

MU (GECDETIC LAT. IN RAD.)
MU TO DEGREES

REDUCE LAMBCA

DOES LAMBDA EXCEEC Pl RADIANS
NO

LAMBDA IO DEGREES

LAMBDA = LUNGITUDE IN DEG.
MU = LATVITUDE IN DEG.
HEIGHT IN KM,

LAMBDA EXCEEDS PI
(LAMBCA) - (2 PI)

F 152 - NORTH POINT-SOUTH POINT DETERMINATION

00276
60639
00633
00634
00628
006135
00225
0022%
00229
00230
oceze
01991
0196¢
02016

K

gl22s

LAT 1 1
LAT -1 1
J.De CF LAT -1 {
SEC. 1
CRBIT GENERATOR ERROR IND.

DELTA T (SEC.) 1
JoDo TIME CF NORTH PT.OR SOLTH PT. O
SEC. (1F FOUND) o)
T(C.U.Te) ¢
P0S.+ VEL.VECTORS AT TIME OF NP OR SP 0
K, ODEGREE OF POLY. USED IN FIT 1
MATRIX CLEAR F
MATRIX NORMALIZER F
FITTING FUNCTICN PARTIAL F

PAGE

PAGE

008

8 00001

8 00032

8 00031

008

00517
00518
00519
00520
00521
00522
00%23
00524
00525
00526
00527
00528
00529
00530
005131
00532
00533
00534
00535
C053¢
00527
00538
00539
C0540
00541
00542
00543
00544
00545
00546
00547
00548
C0549
00550
00551
00552
00553
00554
00559
00556
00547
00558
00559
00560
00561
00562
005063
00564
00565
00566
00567
C0568
Q0569
00570
00571
00572
00573

00574
€0575
00576

00577
cos78
00579
00580
00541
0C5u2
00543
00584
00585
00586
00587
00588
005C9
006590
00591
005492
00593
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90015
90016
90017
90018
90019
90020
90021
90022
00001
00013
00014
00015
00016
00017
00030

00055
00020
60001
00020
00007

00005
00013
00008

00006
00055
00008
00001
00002

00007
00055
00008

00010
00001
00011

00009
00001
00011
00056
00057
00058
90019
00054
00040
00041
00040
00052
00053
00023
00024
90005
00019
0002}
00022
00023
00024
00021
00021
00024
00025
00025
00023
00024
90005
20023
00023
00027
00026
00012
00027
00028
00031
00040

K =
o19cCl
06001
01001
01191
00627
00720
00745
00746
+00000000+00
+10000000+01
~10000000+01
+20020000+01
+50006000+01
+10000000+01

00001 00003
90001 90002
0C003 coo20

01225

00013 00005 000C6

00055 00009

00013 00010
00004 00013

00013 00010 000C9

00004 00014

0C0C4 00015

90020
90021
90022
00013
90006 00016
90011 00014
00040
90012 00030
90003
90004 0N0S4
90017 00652
90016 00023

00013 00018 00018

90018 00023
9C003

30004 00054
9C017 00021
90016 00023
90018 00023
90002

90003

90004 90006
00025 00C54
90017 00024
9C0lé 00023

00013 00018 00018

90018 00023
90001

00054 00015
+00000000+00

00027 00054
00020 00026
90014 00027
90013 00030

K =

01225

PAGE 009

SQUARE RT. MATRIX SOLN.

ORBIT GENERATOR

REDUCED J.D.-SEC.TO C.U.T. F

SUB-SAT. PT. + HT,

ERRCOR INDICATCR

RADIAL DIST. (CUL) AT ¥ 1

LONG. (RAD; AT T 1

GEOC. LAT. {(RAC) AT T 1

NORTH PT-SOUTH PT DET.ENTER WITH (Z2)=DIFF-
IF THE SIGN OF THE DIFF.BET. SUCCESSIVE
LATITUDES HAS CHANGED FRAM +TD- (NP),EXIT
WITH (X)=1.IF CHANGE WAS -TO+(SP),(X)=~1.
NO CHANGE,OR If CHANGE DET.BUT NtCESS.OAT
COULD NOT BE COMPUTED,EX T WITH (X)=0.
ALSO EXIY WITH (2)=DIFF 1 = NEw DIFF -1
(TIME OF NP OR SP IS FOUND BY FITTING S
SETS OF TIMES ¢ LATS.TO CURVE,SETTING 1S7¥
DERIV.=04+ SOLVING FOR TIME) (59 LOCS.)

DIFF -1

DIFF 1 = (LAT 1) - (LAT ~1)

NEW DIFF ~1 = CIFF 1

———OTmMTMTMM

8 0001

CIFF 1 IS + 8 00005
DIFF -1 IS ALSC +

DIFF 1 IS - 8 00006
IF DIFF -1 IS ALSC -
NO N.P. CR S.P. CRUSSED B8 00008

OIFF 1=0, SO CROSSING MADE, UNLESS DIFF -1 8 00007
IF NOT, SEE WHETHER NP OR SP
DIFF -1=0, SO ASSUME NO CROSSING

NORTH POINT CRCSSED 8 00010

SOUTH POINT CRCSSED 8 00009

8 00011
SAVE DATA (FROM SUC-SAT.PT.+ HT.F.) AT T 1

{DELTA T) / 2
M= Ke)

CLEAR MATRIX STORAGE
Je D. {YIME OF AT -1)
SEC. - (CELTA T / 2}

GET POSITION VECTYOP FOR THIS TINME
WAS VECTOR FOR THIS TIME CN TAPE
COMPUTE LAT. FCR THIS TIME

Jo D (TIWE CF LAY -1}

SEC. + (DELTA T /7 2)

GET POSITION VECTCR FOR THIS TIrE
COMPUTE LAT. FOR THIS TIME
LAT -1

TIME QF LAY 1
+ (DELTA T) / 2

PGS. VECTOR FOR THIS TIME
WAS VECTOR FOR THIS TIME CN TAPE
COMPUTE LAY, FCR THIS TIMC
LAT 1

SET T

CNTR., = O

BEGIN FORMING MATRIX

T =71 + (CELTA T / 2)

LAT.

FITTING FUNCTICN PARTIAL
MATRI X NORMALIZER

8 00012

PAGE 009

00594
00599
00596
00597
00598
00599
00600
00601
00602
00603
00604
00605
00606
oueo?
00608
co6v9
00610
Q0611
00612
00613
00614
00615
00616

00617
00618
00619

00620
00621
00622
00623
00624

00625
00626
00627

00628
00629
006130

00631
noge6 32
00633
00634
C0635
006136
Q0637
00618
5061319
00640
00641
00642
00643
00644
00645
00646
00647
00648
00649
00650
00651
00652
00643
00654
00655
00656
00657
00658
C0659
00660
00661
00662
006863
006064
00605
00666
coses?
00668
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K = 01225
00026 00026 00014 CNTR, + 1
00017 00026 00012 HAVE ALL 5 POINTS BEEN FITTED
00036 90015 00040 YES. SCLVE FOR COEFF.
00019 00013 00018 00018 CHECK EXIT
00038 00038 0CO16 2 A2
00038 00037 00038 Al / 2 A2
00038 00038 00015 TIME OF MAX.OR MINJ.LAT, = -(Al / 2 A2)

90007 00052 J. 0.

90008 00053 00038 ADD TIME CF MAX. CR MIN., TO (TIME OF LAY -
90009 90017 90007 - (DELTA T / 2) TO GEY ACTUAL TINME

90010 9C016 90009 POS.+VEL.VECTORS FOR THIS TIME

90005 00013 000168 00018 WERE VECTCRS FOR THIS TIME ON TAPE

00059 YES

00018 NO VECTORS wERE FOUND FOR A REC. TIME,
OR MATRIX HAD A ZERO OIVISOR

00001 00004 00013 STORE IND. THAY NO NP OR SP FLUMD

30019 00015 -1 INTC ERROR EXIY
00959
90020 00056 RESTORE DATA AT T 1

90021 00057
90022 00058
00002

00000 - =~ - ~ = - = = - - - - - - = - + = - - - =

01285
fF 050 - ABSOLUTE VALUE
00001 ABSOLUTE VALUE FUNCTION
00008 +00000000+00
00005 00001 00003
00005 00008 00007 00006

00007
00006
00005 0000A 00005
¢0007
00001 00204 00005
00002
00000 - - - S R T T e T
01300
TYPE 1 DATA PRINT

90001 04000 FIRST LOC. OF TABLE I
90002 00216 NO.CF LINES STCRED FOR LEFTY COL. !
90003 00217 NC.CF LINES STCREC FOR RIGHT CCL. I
90004 01617 DATE, FOLLOWED BY RUN IDENT.STATEMENT 1
90005 00213 NO. OF DATA LINES PER PAGE 1
90006 00074 PAGE CCUNTER 10
90007 00220 MAX.END-OF-PASS DATA LINES PER PAGE 1
90008 00221 LINES REM. ON PAGE AFTER CATA PRINTED 0
90005 00108 NO.BY WHICH HT.HAS BEEN MULTIPLIED
ooocl TYPE 1 DATA PRINT FUNCTION
00012 +00000000+00 (GETS FRCF TABLE AND PRINTS
00013 +10000000+01 1 PAGE OR LESS OF TYPE 1 DATA,
00014 +80000000+401 WITH HEACING LINES)
00015 +16000000+02
00028 KM
90002 00012 00005 000CS ARE THERE LINES TC PRINT IN LEFT COL.
90003 00012 00006 000Cs NO. ARE THERE LINES TO PRINT IN RIGHT COL.
00002 NC. EXIT
00005

T1DATE SATELLITE MAP
00000 00013 TO

T

90004 00013 TD 0701C4C4060406040+04C4040404CH040406MSAAAAAAAAAARAAAAA
90002 90003 00029 00030

00026 90009

00027 90009

YO HR Ml LONG.DEG LAT.CEG HoKM HR Ml LONG.DEG LAT.CEG He
00026 00013 TO 150905151504050202 SSNSSSnSA
T .

. . .
90001 90003 1D 0102C304050305C90205C3030405C3C50902SNNNNNNNASNANNNNN A
90008 90005 90003 NO.OF BLANK LINES REM. ON PAGE
00016
00029 LINES FOR LEFY EXCEED LINES FOR RIGHT

K = Cl1300

B-10

PAGE

PAGE

010

B 00018

8 00059

3 00001

B 00006

8 00007

3 00001

8 0000%

8 00029
010

00669
00670
00671
00672
00673
00674
00675
00676
00677
00678
00679
20680
00681

00527‘
00643

00684
00685
00686
00687
00688
00689
00690

00691
00692
00493
00694
0069%
00696
00697
00698

00699
00700
00701
00702
00703

00704

00705
00706
00707
00708
00709
00710
00711
00712
00713
00714
00715
00716
007L7
CL718
00719
00720
00721
0or22
00723
00724
00725

00726
Qo727
00728
oor29
0073¢C
00731
00732
00733
00734
0073%
00736
oor:?
060738
00739

00740
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K = C1300
$0003 00012 00031 ARE THERE LINES FOR RIGHT COL.

TO HR MI LONG.DEG LAT.DEG HoKM
90009 00013 TD 1504905 SSN
00007
00017 +00£00000+00 CNTR. OF HALF LINES GOTTEN=0
00018 +00000000+00
00019 90002 90003 NO. OF HALF-LINES TO PRINT
00020 90003 00015 SET CNTR. TO GET FROM TABLE
00008
00021 00017 00014
00009
00022 90001 00020 GET HALF-LINES FROM TABLE
90001 00017 0002 AND STORE THEM FCR PRINTING
00017 00017 20Gi3
00020 00020 00013
00021 00017 00009
00018 00018 00013 CNTR. OF HALF LINFS GOTTEN+1
0070 00020 00014
00019 00018 00008 DO LINES GOTTEN= LINES TO PRINT

T . .
90001 00019 TD 010303040503050902 SNNNNNNNA
90008 90005 90002 NM. OF BLANK LINES REM. ON FAGE
00016
90008 00012 00024 00024 ARE ANY BLANK LINES LEFT
00010 NG
00024 YES
90007 90008 00011 IS THERE ROOM FOR END-OF-PASS DATA ON THIS
00002 YES. EXIY
00011 NO, SO FINISH PRINTING PAGE

T
(0000 90008 TD
00010

¥ PAGE
90006 00013 TD 15150505 SSSN
~1006 90006 00013 FAGE COUNTER ¢ 1
90002 +00000000+00 SET LINE CGUNTERS
90003 +0000000C+00 YO ZERO
00002
00031 MCRE LEFT THAN RIGHT,BUT SOME RIGHT
00026 90009
00027 90009

TO HR MI LONG.OEG LAT.DEG HeKNM HR MI LONG.DEG LAT.CEG H.
00026 00013 T0 150905151504050202 SSNSSSMSA

' . L] - -
90001 9€003 TD 01030304050305090205030314050305 0902 SNNNEANNMASNNNMNNANA
00007 GET + PRINY LINES FOR LEFTY COL.
00006 THERE ARE LINES FCR RIGHT,AUT NCNE FOR LEF

TIDATE SATELLITE MAP
00000 00013 TD

1
90004 00013 TD 070104040404C4C404604C404C40404040406HSAAAAAASZAAAAAAAA
00027 90009

10 HR MI LONG.DEG LAT.UEG M.
00027 00013 TO 1515151503050202 SSSSENSA
00032
00017 +00000000+00
00018 +00000000+00 CNTR.OF RIGHT MALF LINES GOTTEN=(
00019 90003 90002 NC.OF RIGHT HALF-LINES TO PRINT
00020 90002 00015 SET CNTR., 10 GET FROM TABLE
00020 00020 05014
00033
00021 00C17 00014
00034
00022 9000t 00020 GET RIGHT HALF-LINES FROM
90001 00017 00022 TABLE AND STORE THEM FOR PRINTING
00017 00517 00013
00020 00020 00013
00021 00017 00034
0Cc018 00018 00013 CNTR.OF MALF LINES GOTTEN ¢ 1
/H020 00020 000i+4
00019 00018 00033

1
900G1 00019 1D 1515100303040503050902 SSSNNNNNNNA
90008 9000% 90003 NO.OF BLANK LINES REM.ON PAGE
00016

XK = C1300
B-11

PAGE

PAGE

011l

00007

000us

00009

00016

00024

00011

00010

00031

00006

v0032

00033

000134

otl

00741
00742
00743
00744
20745
00746
00747
00748
00749
00750
00751
00752
00753
00754
Q01755
00756
0071517
00754
007~9
00700
onTal
00762
007063
00764
00764

00766
00767
00768

30769
00770
007171
auor12
00773
00774
00775
00776
o0or1?7
00778

00779
00,80
00781
Go782
co07a3
00784
60785
ocr86

aors?
00738
00789
00790
00791
02792
00733
00754
0079%
00796
00737
00758
00799
00800
00801
00602
00803
00804
008¢S
00806
ooecC?
00808
00809
00810
gLell
00b12
00813
co814
Gosl>
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K = (1300

00030 MORE RIGHT THAN LEFT,BUT SOME LEFT
00126 90009
00027 9C00y

TO HR MI LONG-DEG LAT.DEG HaKM HR MI LONG.DEG LAT.CEG H.
00026 00013 71D 150905151504050202 SSNSSSNSA

T . . . .
90001 90002 TL 010303040505050902050303040503C50902SNNNNNNNASNNNNNNNA
00032
00000 - - - - - = = - = =& ¢« = - = = - = = = = = -
01335

TYPE 2 (END-OF-PASS) DATA PRINT

90001 00285 FIRST LOC.CF DATA FOR TIME OF ASC.NODE 1
99002 00296 DATA FCR TIME CF NORTH PT. 1
90003 00307 DATA FOR TIME CF DESC. NODE 1
90004 0C318 DATA FOR TIME CF SCUTH PT. I
90005 00329 DATA FOR TIME CF FIRST SUN ENT. 1
90006 00351 CATA FCR TIME CF FIRST SUN EXIT I
90007 00340 DATA FOR TIME C= SECOND SUN ENT. 1
90008 00362 DATA FOR TIME CF SECOND SUN EXIT I
90009 01618 FIRST LOC.OF RUN IDENT. STATEMENT I
90010 00072 NO. UF LINES PER PAGE 1
90311 00074 PAGE CCUNTER 10
90012 00245 PERCENT OF ORBIT SAT. WAS IN SUN H
90012 00221 LINES LEFT ON TYPE 1 DATA PAGE 1
90014 00220 MAX. END~OF-PASS LINES/PAGE I
90015 00108 NC.BY WHICH HT. HAS BEEN MULT.
90016 00099 KOUND VALUE ¢]
900L7 01646 RCUND AND SCALE F. F
00001 TYPE 2 (END-OF-PASS) DATA PRINT F.
00005 +00U00000+00 (PRINTS A PAGE OF TYPE 2 DATA, WITH
00006 +10000000+01L HEADINC LINES, ON TD. ALL INPUT IS Q-D.
0002¢ +200000060+01 USES 36 LOCS.)
00027 KM
00034 +40000000+01
00028 +50000000+01
00026 90015
93014 90013 00029 CAN ENC-OF-PASS CATA GO ON PAGE WITH T.l v
00030 90013 00034 YES. DATA LINES/PAGE=(LINES LEFT) ~ (4}

YO SATELLITE MAP OF SPECIAL PCOINTS AND SUMMARY OF SOME ORBITAL DATA
00000 00006 TO
00031
00029 END-CF~PASS DATA MUST GO ON SEPARATE PAGE
00030 9001C o00GC28 DATA LINES/PAGE={(LINES/PAGE) - (95)

Tl SATELLITE MAP OF SPECIAL POINTS AND SUMMARY OF 30ME ORBITAL DATA
00000 0C€006 TD

T
90009 00006 TO 08040404040404040404C4040404C40404 SAAAAAAAAAAAAAAAA
00031

TOSPECIAL POINTS YRMODA HR MI S5S.SS PASS LONG.DEG LAT.CER H.
00026 00CC6 1D 1515151503050202 SSSSSNSA
90001 0C00S 00008 ©COCS8 LID PASS HAVE ASC. NOCE

T ASCFENDING NODE
0000y 00006 TD
00009
00008 YES

T ASCENDING NODE . . .
90001 00006 TD 15050703030303070405030509 SSNANNNNNANNN
00009
90002 00005 00010 00010 DID PASS HAVE ACRTH PT,

T NORTH POINT
00000 00006 TD
Qo011
00010 YES

T NORTH POINT . . .
90002 00006 VD 15050703030303070405C30509 SSNNNNNNAANNN
00011
90003 00005 0COl12 00012 DID PASS HAVE CESC. NCOE

T DESCENDING NODE
00000 0C00& TD
00013
00012 YES

T DESCENCING NODE . . .
90003 00006 TO 15050703030303070405C30509 SSNNNNNNNANNN

K = 01335

B-12

PAGE

PAGE

012

B 00039

8 00001

B 00029

8 00031

8 0000»

8 00009

8 00010

8 00011

8 00012

012

008ts
ocal7
oosls
00819
00820
cos821
00822
00823

00824

00825
00826
00827
00828
00829
00830
00831
00832
00833
00834
00835
co83e
00837
00838
00839
00840
00841
00842
00843
00844
00845
00846
00847
00948
00849
00850
00851
00852
00853
00854
00855
00856
nos8s»7

00858
00859
00860
00861
00862
00863
[¢157-7.2
c086%
00866
00807
00868
00869
ao870

00871
00872
00873
00874
00875
00876
00877
ooars

00879
o880
goast
00882
00883
ooss4
00885
00886

coear
aoses
00849
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K = (1335

00013

90004 00005 00014 00014
T SOUTH POINT

00000 00006 TD

OID PASS HAVE SCUTH PT.

00015
00014 YES

T SOUTH POINT . . B
90004 00006 TD 15050703030303077405030509 SSNNNNNNNNANN
00015

00007 +110000%0+02
90005 000605 J0016 00016
T SUNLIGHT ENTRANCE

00000 00006 TD

90006 00005 00018 00018
T SUNLIGHT EXIT

00000 00006 TO

SET DATA LINES TO PRINT = 11

00007 Q0007 60025 LINES TO PRINT = §
00022 PASS HAD NO SUNLIGHT ENTRANCE OR tXIT
00016
T SUNLIGHT ENTRANCE . B .
90005 00006 1D 15050703030303070405030509 SSNNNNNNNNNAN

90006 00005 00018 00018
T SUNLIGHY EXIT
00000 0C006 TD
00007 00007 00025 LINES TG PRINT = 9
00022 PASS HAD CNE ENTRANCE - NC EXIT

00018

T SUNLIGHT EXIT .
90006 00006 TD 15050703030303070405030509
00021
90007 00005 00019 00019

SSNNNNNNNNNNN

WAS THERE A SECONC ENTRANCLE

00007 0C007 00025 NO. THUS THERE WAS NO SECOND EXIT
00022 PASS HAD CNLY CNE ENTRANCE AND/ OR EXIT
00019
T SUNLIGHT ENTRANCE . . .
90007 00006 TD 15050703030303070405€30509 SSNNNNNNNANAN

90008 0G005 00023 00023
T SUNLIGHT EXIT
00000 00006 TD

00022 PASS HAD SECONC ENTRANCE, BUT NC SECOND EX
00023
T SUNLIGHT EXIY . . .
90008 00006 TD 15050703030303070405030509 SSNNNNNEANNNN
00022
TOSUMMARY DATA PERCENT

00000 00006 TD
90016 +10000000+02

00035 90017 90012 ROUND,SCALE PER CENT IN SUN

T SATELLITE IN SUN .
00035 00006 TD 15060402 SSNN
00024 00030 00007 NG. OF LINES TC SKIP
00024 0C00S 00032 00032 ARE THERE LINES TC SKIP
00033 NC
00032 YES

T
00000 00024 TD
00033

T PAGE
20011 O330% o 15150505 SSSN
90011 90011 00006 PAGE COUNTER+1
00002
00000 - - = - - = - = = === .. = .. - - - -
01375

TYPE 2 (END-OF-PASS) DATA COMPLTE

90001 00225 JaDoNF SP.PT.,FOLL.BY SEC.+ROUNC VALUE I
90002 00229 TICUT), FCLLOWED BY PQOSITION VECTOR I
90003 00214 PASS NUMBER 1
90004 00099 RCUNDING VALUE o]
90005 01646 ROUND AND SCALE F. F
90006 01776 JeDo-SEC TO J.D.-HMS F, F
90007 01021 J.D. TO PACKED DATE F. F

K = 01375

B-13

PALE

PAGE

013

B 00013

B 00014

8 00015

B8 00016

B 00018

B 00021

8 00019

8 00023

B 00022

B 00032

B8 00033

o3

00890
0089
00892
00893
00894

008S5
50896
co897
10898
10899
J0900
00901
00902
00903
00904
00905
00906
00907

00908
00909
00910
00911
co912
00913
00914
00915

00916
00917
00918
00919
0920
00921
00922

00923
00924
00925
00926
00927
00928
00929

00930
00931
00932
00933
00934
00935
00936
00937
00934
00939
00940
0091
00942

00943
00944
00945
00946
00947
009438
00949
00940

00951

00952
00953
00954
00955
00956
00957
009548
00959
30960
00961
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K = Q01375 PAGE Ol4

90008 01191 SUB-SATELLITE {JINT AND HEIGHT F. F 00962
90009 00108 NO. BY WHICH TU MULTIPLY HT. 00963
00001 TYPE 2 DATA COMPUTE FUNCTION 8 00001 00964
00005 +10000000+01 (COMPUTES END-CF-PASS DATA FOR A 00965
00006 +10000000+05 TIME OF A SPECIAL POINT AND 00966
00007 +10000000+03 STORES IT OUT INTO X¢X+lyeaoX+10) 00967
00009 90006 90001 JoD.-SEC TQ J.C.-HMS 00968
00009 90007 00009 J.D. TC YYMMDD 00969
00013 00012 SEC.TC INTEGER + SCALED FR.{RCUND+SCALE 00970
00014 00012 00013 F. IS NOT USED, AS SEf. WERE 00971
00014 00014 00007 RUUNDED IN J.Cu-S TO JoD.-HMS F.) 00972 ]
00017 90008 90002 COMPUTE LONG.,LAT.,HT. 00972 ‘
90004 00006 00974 h
00015 90005 00017 LONG. TO INTEGER,FRACT. 00975 -
00017 90005 00018 LAT. TO INTEGER,FRACT. 00976 :
90004 00005 00977 ;
00019 00019 90009 SCALE HEIGHT 00978 "
00019 90005 00019 ROUND MEIGHT 00979 :
00001 00004 00009 YYMMOD 00980 3
00002 00004 00010 HR. 00981 ;
00003 000C4 00Cl1 MIN. 00982 i’
00004 00004 00013 SEC. 00983 3
00005 00004 C0014 FR. OF SEC. 00984 3
00006 00004 90003 PASS NO. 0c985 i
00007 00004 00015 LCNG. 0986 :
00008 00004 00016 FR. OF LONG. 00987 i
00009 00004 00017 LAT. 00988 z
00010 00004 00018 FR. OF LAT. 00989 :
00011 00004 00019 HEIGHT 00990 ]
00002 00991 3
3
00000 =~ - - =~ - - - = - +« = 4 4 = = = - + - - - - 00992 i
11400 00993 4
F 023 ~ JULIAN D/S TO CuT 00994 K
00006 00816 SEC/C.U.T. 1 00995 i
00007 00815 SEC/DAY I 00996 §
00001 JULIAN DAYS-SECONDS TO CeUsT. FUNCTICN B 000Ul 00997 s
00008 +10000000+01 ENTER WITH (2)1=J.C.y(Z41)=SEC. 00998 b
00012 +00000000+00 EXET WITH {X) = C.Ud.Ta 00999
00009 00001 00003 J.D. ol000 5
00010 00002 00003 SECONDS 01001
00009 0C0C9 00007 J.D. 10 SEC. 01002
00009 00009 00006 01003
00011 00010 00006 01004
00011 00011 00009 01005
000C1 00004 00011 01006
00002 01007
oloos
00000 = - = =~ = = = & = = &+ + = = = =4 4 = = - =~ = 01009 :
01420 01010 3
PACKED DATE (YYMNDD) TO J.D. 01011 7
- PACK olo12 3
90001 00151 YEAR OF REFERENCE 01013
90002 00152 DAYS JAN. 1 - CREF 01014
90003 01841 0BS. CATE TO J.D. FUNCTICA 01015
00001 PACKED DATE (YYMMCD) TO J.De F. 8 00001 01016
00005 +10000000+03 ENTER WITH (Z) = YYMMDD, DATE CF OBS. 01017
00007 00001 00003 EXIT WITH (X)=CCRRES. J.0. (12 LOCS.) oiots
00008 00007 00005 YYMM.DD 51019
00008 00008 YYMM 01020
00009 00008 00005 YYMMOO 01021
00011 00007 00009 00 DAY OF CBS. 01022
00009 00008 00005 YY. MM 01023
00009 00009 Yy YEAR OF OBS. 01026
00007 00009 00005 YY00 01025
00010 00008 00007 (1Y MONTH OF CBS. 01026
00007 90001 YREF 01027
00008 9€002 DAYS JAN. 1 - CREF 01028
00012 90003 000C " 08S. DATE TO J.D. 01029
00001 00004 00012 01030
00002 01031
00000 - = = = = = =« ~ = = & - = - -4 & = = - = - =- 01032
01500 01033
F 0l0 - ARC TANGENT X 01034
00001 8 00001 01035
K = C1500 PAGE 0l4
B-14
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= x

CCOPDODOODODL OO0

00003
00005
00006
00007
ooocs
00009
00010
00011
00012
00013
00014
00015
00016
00017
00003
00017
00003
00018
00019
00003
00020
00003
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00021
00001
00002

000c0
01580

23001
90002
00001
00005
000C6
T
00000
00007
00009
00009
00002

00008

¥ LOC.

00009
00010
90001
00007

00000
01600

90001
90002
90003
90004
90005
90006
90007
90008
00001
00005
0000¢

K

00001 00003
78539816 00
99999933 GO

-33329856 0Q
19946536 00

-13908534 00
96420044-01

-55909886-01
21861229-01

-40540580-02

10000000 01
00015 00015
00015
00016
00016
00016

oocis
00C15
00003

00003
00003
00019
00020
00003
00021
00021
00021
00021
00021
00021
o0co21
00021
00021
00021
00021
0c021
00021
00021
00021
00021
00004

00015
00015
00003
00020
00013
00012
00003
00011
00002
00010
00003
00C09
00003
00008
00003
cGoo7
00003
00006
00020
00005
00017
00021

F 055
00000
02401

+10000000+01
+00000000+00

00005 PA

00005 CA
00006 00008

CONT
00005 PA

90002 00010
00009 00010

F 033
00411
00159
00137
06399
00434
00168
00110
00111

+10000000+01
+60000000+01

K

= (C150¢C

- CONE WORD LOADER - CHANGE CF CCNSTANTS

INPUT CONVERTER

CNE-WORD LOAD (PRINTS LOC.+ VALUE FROM COL
1-17 + ALPHABETIC IDENT.FROM CCLS.30-61
OF EACH CARD LOADED. USES 19 LCCS.)

05090312040404040404C404 NNNSAAAAAAAA
oooca IS THIS END OF CARDS
YES
AINS
040¢100903070404040404040404 SNSNNSAAALAAAA

- RUN ID LOAD AND PRINT
ALPHABETIC SATELLITE IDENT. (ONE wWORD) I

SAT. NO.,FOLcLe. BY 3 LOCS. OF NAME 1
START AND cND CATES AND TIMES CF MAP 1
ORBIT THECRY IND.(FROM TE TITLE RECORD) 1
LGC. PRECEDING ORBIT THEORY IDENT. I
REFINED WMAP CLTPLY OPTION 0
FIRST OF 2 WORCS GIVING TYPE CF MAP 1
SECOND WORD GIVING TYPE OF MAP 1

RUN IDENTIFICATICN LOAD AND PRINT. LOADS
CARD, STORES CCLS. -8 (ALPHABETIC) IN

= (Ole6CC

B-15

PAGE

PAGE

015

B8 00014

8 00018

8 00001

8 00007

8 00008

8 00001

o015

01036
01037
01038
01039
01040
01041
01042
01043
01044
01045
01046
01047
01048
01049
01050
01051
01052
01053
01024
01055
010%6
01057
01058
01059
01060
0l061
01062
01003
01064
01065
01066
01067
01068
010069
01070
010171
01072
01073
01074
01075
01076

01077
01078
01073
01040
01081
0L082
01083
01084
01085
01086
ol1087
01088
01089
01090

01091
01092
01093
01094
01095
01096

01097
01098
01099
01100
01101
01102
ol1103
01104
Gl10%
01106
01107
0llus
01109
o110




K

vV 00007 +20000000+01
¥ 00008 +00000000+00

L

PONOEXEITIIIXIITI

h-]

e - - mo o

©

x x

2RO O0OOCKCC<POD

20010

CONTINUED

00001
00002
00003
00004
00005
00006
00007
00008
00013
00012
00013
00011
00010
T1
00000

00005 CA 01
0404
00004 00010
00004 00011
00004 00012
00004 00013
00004 00014
00004 00015
00004 00016
00004 00017
90004 00007
90005 00013
00013 00005
90005 00013
90001

00005 11
00006 Ti
00005 TI
00005 T!
00005 71
00005 T1
00005 71!
00005 PA

= 0160C

LOCS. XewoaX+¢7. QUTPUT GOES ON PRINTER

ON TAPE TI AND,

USES 34 LOCATIONS
0101010101010101040404040404040404046AAAAAAAAAAALAAAAAA
AAAAAA

04040404
cot.1

CPTIONALLY, CN TAPE TD

COL. 2 (PRINTER CUTPUT)

COL. 3 (TAPE OUTPUT)

COL. 4 (REFINED WMAP QUTPUT)
COL.5 (CARD INPUT)
COL.6 (TAPE INPUT)

CoL.7

COL.8 (ORB3 OR SPRF QUTPUT)

USE ORBIT THEODRY INR.

T0

GET 2 WORDS OF CCRRESPCNDING
ORBIT THEORY IDENTIFICATION

SAT. I1DENT.

MASTER CRBIT TAPE
15050415040404

15090603040404
FROM 10
15090705030705

15050404040404040404
15050404040404040404

MASTER ORBIT TAPE
15050415040404

00008 00009 09009

90007
90008
oooll
00012
00005 TD
00006 TD
00005 70D
00005 TD
00005 71D
0Cco05 TD
00005 TD

00005 PA

00005 PA
00005 PA

00005 PA

F 069

WORLD MAP
15060404110404

15090603040404
FRCM T0
15060705030705

15050404040404C40404

15050404040404040404
WORLD MAP
15060404110404

15090603040404
FRCM TC
15090705030705

0804040404040404040404040404C40404

= ROUND ANC SCALE

SSASSAA
SSNSAAA
SSNNGNN
SSAAAAAAAA
SSAAAAAAAA

SSASSAA

SSAASAA
SSNSAAA
SSNNSNN
SSAAAAAAAA
SSAAAAAAAA

SSAASAA

SSNSAAA
SSNNSNN

SAAAAAAAAAAAAAAAA

00099

+00000000+00
+50000000+00
+10000000+01
00001 000C3

00007 90001

00006 00025 00026
00006

K = C1645

LOC.OF 10 TO THE N-TH POWER,WHERE N IS THt
NO. OF PLACES TO THE RIGHT OF THI DECIMAL
TO BE ROUNDED ANC SCALED. ENTER WITH (2)=
NO. TC BE ROUNDEC AND SCALED FCR FIXEC PT
OUTPUT. EXIT WITH (X)= INTEGER PART OF NU
(X+1)= SCALED FRACYIONAL PARTY OF NO.

USES LOCS. 1-29

B-16

PAGE

PAGE

oleé

8 00009

B 00034

8 000Vl

Ole

o111
01112
01113
Ollle
01115
Q1116
01117
ol1l1la
01119
01120
ol121
ol122
01123
01124
0112%
ullr26
ol127
ol112s8
olL29
01130
o113l
Q1132
01133
0LL34
011135
01136
01137
01138
C1l139
01140
01141
01142
0l143
01144
Gl1145
Q1146

01147
011438
01149
01150
01151
01192
01153
0ll54
01155
0l1%6
01157
01158
01159
01160
Ollel
91162
0l163
01164
01165
oll166
ol167
J1168
01169
01170
oil71
01172
ol173
01174
01179

01176
o117
oilr78
01179
01180
oL18t
olL182
0lle3
01184
01185
0llse
ol1a87




L
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DO mmmCCCC€dCcL <L LCCLCCLED

00021
00027
00021
00021
00029
00001
00002
00002

00025
00017
00020
00018
00021
00027

00026
00017
00020
00018
00021
00021
00027

00028
00020
00020
00027

00000
01680

00008
00001
00006
00009
00009
00006
00010
00010
00010
00001
00002

00005
00010
00010
oool0
00010
00001
00002

00000
01700

00001
00008
n6009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00031
00032
00033
00024
00025
00044

K

00006

00006 00029
00006

00004 00020
00004 00021

00015 00016
00017

00017 00020
00018 90001

0C015 00016
00017

00020 00017
00018 90001

01645

00008 00027 00028

00006 00C27 00027

00006

F 047 -

00819

+C0000000+00
0Co00l 00003
00009 00008
00009 00005
00009

00009 00C10
00010 00008
0C004 00010

00009

00009 00010
0C01C 00008
00010 00008
00004 006C10

ROUND

POSITIVE INTEGER

FRACTICN

SCALE FRACTION FCR PRINTING

ROUND

NEGATIVE INTEGER

FRACTICN

SCALE FRACTICN FCR PRINTING

SCALED FRACTICA LESS THAN 1
(1.E. PART TO PRINT=0)
STORE POSITIVE O

ANGLE REDUCER

2 Pl

ANGLE REDULCTICN FUNCTION.

ANGLE IN RADIANS. E

BETWEEN O AND 2 PI RADIANS.

INPUT ANGLEZ 2 FI
IS ANGLE PCSITIVE

INTEGER
FRACTION

(FRACTION)Y(2 PI) =

ANGLE IS NEG.
INTEGER
FRACTIGN

{FRACTION)(2 PI) =

NEG.

F 023 -~ CATE FUNCTICN

+20000000+01
+40000000+01
+10000000+01
+00000000+00
+31000000+02
+59000000+02
+90000000+02
+12000000+03
+15100000+03
+18100000+03
+21200000+03
+24300000+03
+27300000+03
+304C000C+03
+33400000+03
+36500000+403
+00000000+00
+0000000C+C0
+00000000+00
00001 00CO03

00002 00003

[

o171nC

CATE FUNCTION USES LOCATICONS 1 TO 45
ENTER WITH (Z)=YEAR,{(241)=CAY COUNT
FRCM JAN.1 CF THE GIVEN YEAR THROUGH

THE DESIRED DATE. EXIT WITH (X)=YEAR,

ANGLE + 2 P =

XIT WITH (X}

REDUCEC ANGLE

NEG. ANGLE

REDUCEC ANCGLE

(X+1)=#CNTH, (X+2)=DAY,

NC. OF DAYS uP
NC. OF DAYS uP
NC. OF DAYS up
NC. JF DAYS UP
NC. OF DAYS UP
NC. OF DAYS uP
NO. OF DAYS UP
NC. OF DAYS uP
NC. OF DAYS uP
NC. OF DAYS UP
NC. OF DAYS uP

TC F
TC »
T0 A
TC ™
TC J
cC J
AUG.
70 S

EB. 1
AR. 1
PR, 1
AY 1
UNE )
ULy 1
1
EPT. 1

TC 0CT. 1

TC N
16 0

Ov. 1
EC. 1

SET DAY TOTAL FOR MONTH=0
SET MCNTH COUNTER=Q
SET DAY LCCATOR=0

STORE YEAR AND D=DAY COUNT

B-17

ENTER WITH (2) =

USES 10 LOCS.

PAGE

PAGE

017

8 00027

B8 00029

8 00025

B8 00026

8 00028

8 C0001

B 00005

8 00001

8 00044

ot7

01188
0l189
01190
0l191
0ll192
01193
01194
Ol19%

01196
01197
01198
01199
01200
01201

01202
01203
01204
01205
01206
ulia2o¢
01208

01209
01210
01211
01212

01213
01214
01215
GlL216
01217
01218
ol219
01220
01221
01222
01223
01224
01225
01226

01227
01224
01229
01230
01231

AP
vic e

01233

01234
01235
01236
01237
01234
0.239
012490
0L241
01242
01243
01244
01245
01246
01247
01248
01247
01250
012»1
012%2
01293
01254
01255
01296
01257
01258
o123
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00037
00038
00024
00026
00045

00040
00026
00045
00027
00025
00030
00032
00025
00006
00036
00006
00007
00042
00007
00005
00001
00002
00003
00002

00029
00024
00025
00044

00034
00031
00033
00008
00035
0003}
00030

00043
00007
00042

03039
00037
00038

00000
01750

00001
00005
00006
00007
00012
00010
00011
00013
00013
00009
00013
00014
00006
00013
00010
00014

00015
00005
00013
00011
00015

00016
00013
00001
00002
00003
00002

K = (€17CC

+60000000+402 SET 4=0
00037 00039 00040 YEAR LESS THAN 60+4l
+10000000+01 SET D#=1 FOR LEAP YEAR
+00000000+00 SET D#=0 FOR A REGULAR YEAR
00026 00023 De+4365
00027 00029 00030 IS D GREATER THAN 3654D+#

YES
00032 00010 MCNTH COUNT+1
00031 00034 C LESS THAN DTM
0C032 00010 MCNTH COUNT-1=MONTH
00010 00033 DAY TCOTAL OF MCNTH
00008 00043
00036 DO NCY CCNSIDER Ce
00025 00007 D-~(DAY TOTAL OF MONTHeDe)}=DATE
00024 YEAR
00004 00005 STORE YEAR
00004 00006 STORE MONTH
00004 00CO07 STORE DAY

EXIT
00024 00010 YEAR=YEAR+]
00025 00027 D-{De+365)
0u0l12 00033 STORE DAY COUNT
00033 00010
00032 00030 MGNTH COUNT GREATER THAN [
00031 00026 DTMaDTM+De
00036 00026 DAY TCTAL OF MOCNTH +De
00037 00009 SET I=]+4

L 2]
F 106 - JULIAN DAYS~SECONDS TO JULIAN DAYS

JULIAN DAYS-SECCNDS TC JULTIAN DAYS-HODURS-
+60000000+02 MINUTES. ENTER WITH {Z)=JULIAN DAYS,
+14400000+04 (Z+1)=SECCNDS,(2+42)=ROUNCING FACTOR. EXIT
+10000000+¢01 WITH (X)=JULIAN DAYS, (X+1)=HCURS,
+00000000+00 (X+2)=MINUTES. (USES LOCATIONS 1-16).
000Gl 00Q03 JULIAN DAYS
+00000000+00 SET HCURS=0
00002 00003 SECONCS
00013 00005 SECCNDS TO MINLTES
00003 00003 RCUNDING VALUE
00013 00009 RCUND MINLTES
00013 00015 D0 MINUTES = OR EXCEED 1 DAY
00013 00006 YES. MINUTES-(FINUTES IN DAY}
00010 C00O7 JULIAN GAYS +1
00013 00016 DC MINUTES = CR EXCEED 1 HOUR
00013 00005 YES. MINUTES-(FMINLTES IN HOUR)
00011 0Q0CO7? "WQURS +1
00013 00012 TO ELIMINATE -C
0C004 00010

00004 00011
00004 00013

K = 01750

B-18

PAGE

PAGE

ol8

00038

yuy4u

00045

00030

C0042

00029

00034

00035

00043

00039

00001

00014

00015

00016

ols

01260
01261
01262
01263
01264

uicoen
01266
0l2e67
01268
01269
01270
o121
01272
01273
01274
01275
ol276
01277
01274
01279
01260
01281
01282
01283

01284
01285
01286
01287

01288
01289
01290
01291
01292
01293
01294

01295
01296
01297

01298
01299
01300

¢1301
01302
01303
01304
01305
01306
01307
ol308
01309
01310
01311
01312
01313
013164
01315
01316
01317
ol13l8
01319

01320
01321
01322
01323
01324

01325
ol32e
01327
01328
01329
01330

- ——r p— ——

B . bt st b e R
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00000
01775

00007
00001
00005
00005
00006
00008
oooto
00011
00012
00013
00009
00013
00014
00007
00013
00010
0001«

00015
00006
00013
00011
00015

00016
00005
00013
00012
00016

00017
00013
00001
00002
00003
00004
00002

00000
01800

00001
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00028
00026
ooc23
00024
00025
00030
00027
00024
00027
00024
00029
00001
00002

00031
00026
00032

K =

F 026 -

0c81s

+60000000+02
+60000000+02
+36000000+04
+10000000+01
00001 00003
+00000000+00
+C0000000+00
00002 00003
00003 ©0cCO03
00013 00009

00013
00013
0colo0

00015
ogco?
oocos

00013
00013
oco1l1l

aocle
00CGCe6
00008

00013
00013
0Qo12

00017
00005
oogo8

00013
00004
00004
00004
00004

00018
00010
00011
00C12
00013

0175¢C

JULTAN D/S T0
SEC

JULIAN D/H/M/S
/DAY

JULIAN DAYS-SECONCS TO JULIAN CAYS-HOURS-

MIN
17

SE

UTES-SECONDS FUNCTION
0 19)

ENTER WITH (2)=JULTIAN DAYS,{(Z+1}=
CONDS,y (242)=

ROUNCING FACTCR. EXIT

(USES LOCATICNS

WITH (X)=JULIAN CAYS,(X+1})= HCLRS,(X+2)=

Ml

TC

F 022 - DAY COUNT

+2000000C+01
+40000C00+01
+10000000+01
+00000000+00
+31000000+02
+59000000+02
+90000000+02
+12000000+03
+15100000+03
+1810C000+03
+21200000+03
+24300000+03
+2730000Cc+03
+30400000+03
+33400000+03
+0000000C+00
+100025000+01
00001 00CO3

00002 00003

00003 00003

00011
06026
00025
00008

00028
00005
00027
00031

0000 00027

+60000000+02

K =

NUTES, (X+3)= SECONDS.

ELIMINATE ~C

DAY CCUNT FUNCTICN USES LCCATICAS 1 7O 33
ENTER WITH (Z)aYEAR, (Z+41)=MCNTH,(2+2)=
DAY. EXIT WITH (X)=NUMBER GF DAYS FROM

NC.
NO.
NO.
NGC.
NC.
NC.
NC.
NC.
NC.
NO.
NC.
SET
SET
sT0

JAN.1 CF THE GIVEN YEAR THROUGF THE

GIVEN CATE.

OF DAYS uP TO0
UF DAYS uP TC
OF DAYS UP TO
OF DAYS UP TO
OF CAYS UP 7O JUNE 1
CF DAYS UP T( JULY 1
Cy DAYS UP ALG. 1

OF DAYS UP TC SEPT. 1
OF DAYS UP TC OCT. 1
OF DAYS UP TO NOV. 1
OF DAYS UP TC DEC. 1
DAY LCCATOR TG ZERC
MCNTH COUNTER TO 1
RE YEAR,MONTH,AND DAY

FEB. 1
MAR. 1
APR. 1
MAY 1

FROM THREE CONSECLTIVE

LCC

ST0
IS
ADD
18

STO
EXI

SEY

c180C

ATICNS

RFE DAY COUNT

MONTH COUNTER EQUAL TO MONTH
INPUT DAY Y0 CAY COUNTER

MONTH GREATER THAN 2

RE THE DAY COUNT
¥
LEAP YEAR [=0

B-19

PAGE

PAGE

019

8 00001

8 00014

8 00015

8 00016

8 00017

8 00001

8 00030

8 00029

8 00031
8 00C32

019

01331
01332
01333
01334
01335
01336
01337
01338
01339
01340
01341
01342
01343
01344
01345
01346
01347
01348
01349
01350

01351
01352
01353
01354
01355

013%6
01357
01358
013%9
01360

01361
01302
C1363
01304
01365
01366
01367

Cl3o8
01369
01370
01371
01372
01373
01374
01375
01376
oL3r?
01378
01379
01380
01381
01382
01383
013b4
01385
01366
01347
ol3s8s8
01369
01390
01391
01392
01393
01394
0139%
01396
01397
01398
01399

01409
01401
01402
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00023
00027
00029

00033
00026
00032

00005
00026
00028
00030

00000

01840
00011
00001
00012
00013
00018
00005
00006
00007
00008
00009
00010
00017
00020
00007
00015
00022
00010
00010
00001
00002

C00l6
00005
00010
00019
00010
00005
00020

00021
00017
00016

00000
01870

00005
00006
00001
00011
03014
00018
00019
G0007
n0008
20009
00012
00015
00012
00016
00010
00010
00010
00010
00010
00007
00010
00010
00017
00001
00002

K

00026 00033
00027 00010

00026 00009

00026 00CIO
00028 00010

F 024
01801

+3650000C+03
+10000000+01
+4C000C00+01
00001 00003
00002 00003
00003 00003
00004 00003
00005 00003
+00000000+00
+60000000+02
00005 00016
00011
00010
00010
00004

gocoz7
00cC22
00006
00Clo

0col7
00010

00G21
ooCl13

00010
00005

00012
00013

00017 ooC18

F 019
00847
00821

+10000000+03
+30000000+02
=10000000+01
+00000000+00
00001 00003

00002 0005+

00003 0003

00009 N0C11

0col2
0001%
00009
0Coté6
00010
00010
00010
0Co1C
0GC014
00010
0Cco10

00011
00012
0Cc00s
00015
00005
oocos
000Ce
00017
oools
00019

00004 00010

K

= (1800

00029 COMPARE YEAR WITH 60¢41

YEAR EQUALS 60+41

YEAR IS GREATER THAN 41+1
SET LEAP YEAR I=[+1

ADD 1 TO THE MCNTH COUNT
ADD 1 TO THE DAYS LCCATOR

- OBSERVED DATE TO DAY COUNT FROM TREF

DAY COUNT F. F

UBSERV. DATE TO DAY COUNT FROM CREFI(DAY OF

REFERSNCE) Fo (USES LOCATICONS 1 TC 24)
ENTER WITH (Z)=YEAR QF THE REFERENCE
CATE,(Z+1)=N0. OF DAYS FROM JAN.1 OF
THE YEAR THROUGH THE DAY OF REFERENCE,
(Z42)4(2+43)4(244)= YEAR,MCNTF,CuY FOR
THE OBSERVATICN DATE.
EXIT WITH THE NUMBER OF DAYS FROM ThE
REFERENCE DATE THROUGH THE CBSERVATION

CATE; (TOE. THE JULIAN CAY CCUNT FROM
REFERENCE DAY.)
00C19
on
- ALPHA - SIGN/DEG/MIN-SEC TO RADIANS
i'R/MIN I
UEG/RAD 1
ALPHA-S,GN DEG-M]N--SEC TO RADIANS F.
INTEGER
00017
= Q1870
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020

B8 00033

8 00005

8 00001

8 0020

8 00015

B 000)é6

B 00019

B 00021

8 00001

8 00017

020

01403
01404
01405

01406
01407
014038

01409
01410
Ol411
01412

01413
Ol4ale
01415
0l4l6
01417
01418
01419
01420
01421
01422
01423
01424
01425
01426
0l427
01428
01429
01430
01431
01432
01433
01434
01435

01436
01437
01438
01439
01440
Ul4sl
01442

Claed
0l44s
01445

01446
01447
01443
01449
0145C
clast
01452
0.453
0l4as54
0l455
0l456
0l457
01458
0l459
0l460
0l4sl
01462
0l463
01464
01465
0les6
0l4e?
Ol4o8
01469
01470
0l471
0le12
01473
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00000
01900

90001
90002
00001
00020
00021
00022
00025
00031
00027
00029
00047
00036
00030
00033
00026
00032
00044
00024
00028
00005
00034
00038
00038
90001
00002

00017
00038
00003
00006
00031
00035
00039
00039
00003
00032
00029
00007
00040
00040
00037
00025
00008
00027
00029
00042
00042
00009
00029
0004C
00041
00043
00043
00043
00041
00000
00030
00037
00031
00044
00032
00005

00010
00037
00028
00026
00012

00011
00027
00033
00030
00028
00007

F 064 - SQUARE ROOT - LEAST SQUARES

01244
02341

+10000000+01
+00000000+00
+2000000C+01
+10000000+01
+00000000+00
+00000000+00
+€0000000+400
+10000000+01
00002 00003
00036 00020
00030

00036

00036

00030

00030

00036 00020

00003 00031
00003 0Qu034

00021 C0C17 00017

+10000000+01

90002 00038
00034 00038

00031 00020
00003 00031
03003 00035
00039 00038
00035 00039
00031 00006
00021 00010

00030 00022
00003 00040
+00000000+00
00025 C0020

00027 00020
00027

00003 00027
00003 00042

00029 00020
00040 C0020
00000 00040
00003 00029
00002 00043
00042 00C43
00041 00043
00040 00041
onc29 00009
00021 00010
00030

00044 00020
0C03C 00044

+100C0000+01
00027 00008
0C025 00011

60030

00033 0002y
00030 00033
0€030 v0g22

K

0190C

c¢RRCOR EXIT 0
SCUARE ROOT F. F
SQUARE ROCT LEAST SQUARES SOLUTION

ENTER WITH (Z)=M, (Z+1)=M. ELEMENTS OF THE
FATRIX ARE STCREC BY ROWS STARTING IN Z¢2

EXIT WITH SOLUTICNS STOREC STARTING IN X.

ROUTINE USES LCCS. 1-57.
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021

8 00001

8 00005

B 00017

B 00GC6

8 00007

B8 00008

8 00009

8 00010

8 00011

021

ol4ala
01475
vlels
0l477
0lal6
0l4l9
01480
0l481
01482
Glaes3
Ol4se
01485
01486
Uléad?
01488
01489
0ley0
V1441
01492
01493
01614
0149%
01496
0l4a37
01498
01499
01500
01501

01502
01503
01504
015909
01506
01507
01508
01509
01510
01511
gl1512
01513
01514
01515
01516
01517
01518
01519
01520
01521
01522
G1523
al%24
01525
01526
c1527
01528
c1529
01530
01531
01532
01533
01534
0l1%35
01536
01537

01538
01539
01540
01541
01542

015+3
01544
C1545
01546
01547
Ol548
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MOV PAIIPOVNBANEOD D

S

ooo012
00045
00045
00045
00046
00050
00049
00004
00013
00048
00051
00052
00052
00053
00014
00043
00054
00054
00054
00048
00055
00015

00016
00056
00056
00054
00055
00031
00015
00049
00047
00057
00003
00000
00004
00047
00050
00049
00024
90001
00002

00000

K 01965

mo MOPPIPOTONONDIONDEIPIPOAONCE

o< o xx

00001
00012
00010
00011
00011
00009
00014
00003
00003
00008
00005
00015
00006
00007
ocol3
00007
00003
00004
00008
00008
00015

00016
00002

00000
01990

00001
00012
00010
00011

K = 01900 PAGE 022

8 00012
00024 00022
00045 00036
00045 00022
00045 00020
00046
00046
00004 00036
B8 00013
+00000000+00
00046
00049 00047
00003 00052
00C03 00053
8 0001«
00048 00020
00003 (0049
00003 00054
00054 00053
00020 00016
00054

8 1016
00003 00051
00003 00056
00054 00056
00055 00054
00051 00048
8 00015
00049 00020
00048 00014
00003 00C50
00057 00055
00004 00055
00004 00020
00047 ©0C20
00050 00047
00049 00020
00047 00013
+00000000+00

F G66 ~ MATRIX NCRMALIZER
8 00001
410000000201
00002 00004
00001 00003
00010 00011
00003 00011
B8 00014
00012 00003
00009 00016
00003
00001 00003
B 000195
00001 00008
00005 00006
00003 00004
00007 00013
00004 00007
00004 00012
00008 00012
00009 00014

8 000’6

F 067 - MATRIX CLEAR
8 00001
+10000000+01
0¢002 00004
00001 00C03}

K = 01990 PAGE 022

B-22

01549
01550
01551
01552
01553
01554
01555
01556
01557
015->8
01559
01560
01561
01562
01562
01564
01565
01566
01567
ol568
0159
0oLs710

o1571
ol1s572
01573
01574
01575
V1576
01577
01578
c1519
01580
0ls8.
01582
01583
01584
015895
01586
01567
01588
L1589

01590
01591
0L592
01593
01594
01595
01536
01597
0:598
01599
01600
01601
01602
01603
01604
01605
0l16us
ole07
01608
01609
0lé6i0
olsll
ol6i2
g1l813

Olele
ols6ls

oleleé
olel?r
olels
01619
olecc
01621
01622
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00011
00009
G0014
00C01
0003
00008
00015
00007
00003
00004
00008
00008
00015

00016
00002

00000
02015

90001
00001
00010
00008
00009
00007
00005

00006
00008
00005
00005
00001
00004
90001
00007
00001
00002

00000
02035

90001
90002
90003
90004
90003
90004
90007
90008
90009
90010
90011
90012
90013
S0014
90015
90016
90017
90018
90019
90020
900z1
90022
90023
90024
9,025
90026
90027
90028
90029
90030
90031
90032
90n21
90034

K

00010 00011
00003 0o0cC11

00012 00003
06009 00016
00003

+00000000+00
0000« 00CG7
¢0004 09012
G0008 00012
000C9 00014

0199¢C

F 065 ~ FITTING FUNCTION PARTIAL
Ky THE DEGREE CF THE FITTING PCLYNOMIAL |

0826

+10000000+01
+00000000+00
+10000000+01
00001 ©0003

00008 0001u
00009 00007

00004 00009
00004 00010
00008 000CS
00902 00003
0C004 00007

g0s9n
00501
00502
00516
00513
00515
00517
00597
0Cs550
0cs70
00960
00961
oosls
00849
00a8s?
002328
03158
02975
01618
0¢232
06233
06234
062395
06236
062317
06238
06239
00168
06217
06280
06281
06289
0629¢C
06291

X

FITTING FUNCTICN PARTIAL-RCY

- PRINT INITIAL ELEM-DRAG EAR.CONSTANTS
PRINT ELEM., DRAGS, ETC. CN TI ANC OPTIONALLY ON TD

2035

FIRST LOC. OF DATE AND TIME OF ELEM.
A

E

1

M

SMALL CMEGA

CAP OMEGA

NO. QF N(P,Q)*S

FIRSY LOC.QF N12,C/)*S OR CF RHC SuB 1'S

FIRST LOC. OF N(3,Q)°S

FIRST LOC. .~ DRAG DATES, TIMES
SECCND LOC. U'F DRAG DATES, TIPES
ML

ROTATICN

RADIUS

FLATNESS COEFFICIENT

OL7PUT SCALE

FIRST LOC. OF SAT.IDENT. DATA
FIKSY LOC.OF RUN IDENT. DATA

K2 HARMCNICS, FROM CRBITAL
K3 TAPE TITLE RECORD

K4

L3

d

H

K

L

REFINED WPAP CLTPLY OPTIOAN

C SuB D

AREA

FASS

CCMPLEMENTARY PERTURBATICNS OPTICN
LUNAP PERTURBATICANS CPTION (MCCI)
SCLAR PERTURBAT'™NS OPTION (MCCL)

B-23

P e e K

St Gl guy Gun P Gt G P Gem Gen Gem pws P Gus Gt v P VY s v Smd S pew bu b

PAGE
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023

00014

00C .5

00016

00001

00006

00u05

023

01623
01624
01625
01626
ole2?
01628
01629
01630
01631
01632
01633
01634
01635

01636
01637

01538
01639
01640
utest
0l642
01643
01647
01645
01646
0L647

01648
01649
01650
0reésl
Cl6»2
016453
01654
01655
01656
0lesv?

01653

01659
0léo60
Oléol
01662
01663
0léo4
01665
01666
01667
0l6b8
016069
01670
01671
0l672
0 673
01674
01675
01676
01677
ol678
0l679
0l680
0lés!
01682
Clownld
Olobe
01685
01686
olesv
01688
01689
01690
01691
01692
01693
01694
01695
01696
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h-J

mo v

K = 02035 PAGE 024

90035 00599 IND.OF ORB.GEN.USED TO MAKE ORBITAL TAPE i
90036 0C504 X I
90037 00505 Y i
90038 00506 L I
90039 00507 X DCTY I
90040 00508 Y DOT I
90041 00509 Z DOT 1
00001 PRINT ELEMENTS, DRAGS, AND EARTH CONSTANTS
00005 +10000000+01 (ALL INPUT [S C*CL.RUN IDENT, ,SAT.ICENT.,
00006 +2000000C+01 ELEM. ,ORAGS ,EARTH CONSTANTS HARMONICS ARE
00024 +00000707+400 PRINTED ON TI, OPTIOMNALLY ON TO. 50 LOC!
Tl
90019 00005 TI 0804040404040404040404040404C40404 SAAAAAAAAAAAAALAA
TO ID.NO. REF.DATE LAMELA HMS TAU OMS  SATELLITE
0C000 00005 TI
T
90018 00005 TI 01060103030303030604C3060204C404 SNSNNNNRNNRANSAAA
TODATA FROM ORBITAL TAPE TITLE RECORC
000006 0C005 T1
TOEPOCH
90001 00005 T] 08C30303030306 SNNNNNN
00010 90017 90036 SCALE VECTORS
00012 90017 90037 FOR PRINTOUT
00Ci4 90017 90038
00016 90017 90039
00018 90017 90C40
00020 90017 S0041
T0 X Y 4 X DCTY Y oQOr z oor
00000 00005 T1I
T
00010 00005 T1 010503C9030503C90309C30903 SNNNNNNNNNNNN
90028 00024 00025 00025
00026

8 00001

00025 8 00025
Tl
90019 00005 TC 080404C4040404C404040404C404C4C404 SAAAAAAAARAAAAAAA
TO ID.NO. REF.DATE LAMBCA HMS TAL DMS SATELLITE
00000 00065 TD
T
90018 0C005 TD 01060103030303030604C3060204C4C4 SNSNNNNNNNNASAAA
TOOATA F0M ORBITAL TAPE TITLE RECORD
00000 00005 TD
TOEPOCH
90001 0C005 TO 08C13030:230306 SNNNANN
T0 X Y z X DCT Y DOT r 0oV
00000 00005 fuL
T
00010 00005 TD 010903€%030903C90309C30903 SNNNNN'YNNANNN
00026 8 00026
0U010 90017 90002 SCALE ELEMENTS
00012 90017 90C03 FOR PRINTCOUT
00Gl4 9C0O17 90CO4
00016 90017 90005
00018 90017 99006
0002C 90017 9. .07
10 A E 1 M OMEGA THETA
0000¢ QQONrF T7?
T
00010 OuvulS 1 010$0309030903090309030903 SNNNANNNNNNNN
30028 00024 00040 00040
00042

00040 B 00040
T0 A E I L OMEGA THETA
00000 00005 TD
T
0C010 0C005 TD 01090309030503C90309030903 SNNNNNNNNNNNN
00042 8 00042
90035 00006 00039 00039 WAS OURBITAL TAPE MADE 8Y MCOIL
0001C 9CO17 90C09 YES. SCALE RHC 1
00622 9C0C9 00005 GET RHC 2
00012 90017 o0Cl2 SCALE RHO Z
16 RHO 1 RHO 2
00000 0V00S Tt
T
00010 00005 T1 010803C903 SNNANN
90028 00024 00041 000-1
00009

= (2035 PAGE V24
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01697
01698
01699
01700
01701
01702
01703
01704
01705
01706
01797
01708
01709
01710
01711
01712
01713
01714
01715
oL716
01717
ol718
o1719
01720
o172t
ni1r22
01723
Q1724
01725
01726
Q1727
01728
01729

01730
01731
01732
01733
01734
01735
01736
01737
01738
01739
01740
Gl74t
01742
01743
01744
01745
Qli46
01747
01748
01749
01750
01751
01752
01753
01754
01755
01756
01757

0178
01759
01750
oL761
01762
01763
017064
01765
01766
0l767
01764
017¢9
01770
oLt
01772
01773
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00041
T0 PO 1
P 00000 00005 1D
T
P 00010 0C005 71D
E 00009

00039

TODRAG EFFECTS
00000 00005 ¥1
90028 00024 00027
00028

mo o

L 3
-

00027

TODRAG EFFECTS
00000 00005 TD
00028
00022
00023
00007
90008
00009

00022 Q0CO8

MO D e DO

00008
00010
00011
00012
00012
ocol4
0C014
T

90011
90012
90009
90017
90010
9C017

0CQ23
00023
00022
00C12
00022
00014

moOoMOOON®

00010
90028
00030

00605 TI
00024 00C29

mo o

00029
00010
00030
00022
00023
00007

00005 TD

00022
00023

00CO05
00006

*
m»>EOE

00009
00010
00012 90017
00014 9CUl7
00016 90017

90017 90013
30014
30015

90016

TN

TOEARTH CONSTANTS

hJ

00000 00GO0S Ti

T
00010 00005 TI
90028 00024 00032
00033

mo v

00032

h-J

00005 CCOO05
T
0Cc010 00005
00033
0010 9CO17
00012 9CO17
00014 90017 90022
00016 90017 90023
TOHARMONICS
0r000 00005 T1
T K2
00000 00005 T1
T
00010 00005 Ti
90028 00024 00034
00035

T0
T0

9C020
30021

-] MTTNHOD

h-]

00034
TOHARMONICS
000CC 00005 v
T K2
P 0000C 02005

T
P 0001C 00005 TO

h-J w mao e

Wb

K

+00000000+00
400000000400

TOEARTH CUNSTANTS

= C2035

RHC 2

0109030903

ORBITAL TAPE WAS NOT MADE BY MCCI 8

TiP,Q) N{2,Q)

c0027

TP Q) N(2,0!

CNTR. 1=0
CNTR. 2=0

HAVE ALL ODRAGS
YES

YYMMDD
HHMMS S
N(2,Q)
SCALE N(2,Q)
N{3,3)
SCALE N(3,Q)

140707020%90301C903
00029

140707020903C10%03

CNTR.
CNTR.

1+1
2 + 2

SCALE MU

SCALE ROTATION
SCALE RADIUS
SCAVE FLATNESS

[4V] FUTATICN

15020903010503010%03010903
600132

MU ROTATION

150209030109C3C10903010903

SCALE
SCALE
SCALE
SCALE

K2
K3
K4
KS
K3 K4

010503€1090201C90301C303
00034

K3

K4

0103903C1090301€90301C903

= (2035
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B 00041

SNNAN
00039

N(3,Q)

B 00027
N(3,Q)
8 00028

8 00007
BEEN PRINTED

8 00008

SNNSNNSNN

8 0002~
SNNSNNSNN
B 00030

& 00009

RADIUS FLATNESS

SSNNSNNSANSNN

8 00032

RADIUS FLATNESS

SSNNSNNSANSHN
8 00033

KS

SNNANNSNNSNN

g 0N03e«

KS

SNNSNNSNNSNN

PAGE 025

B-25

QL7174
01775
01776
cr 7t
01778
01779

01780
01781
01782
01783
01784

01785
01786
oL787
01788
01789
01790
01791
01792
017913

01774
0195
01736
01797
01798
01799
01800
01801
01802
01803
01804«

01805
0l8Ue
01817
01804
01809
Q1810

01811
oigl2
uisl3
01814
ol8ls
ol8lé
o1817
oisls
oL8lL9
01820
ol1821

01822
n1823
Q1824
01825
01826
ol1827
01828
01829
01830
Ccl831
01832
01833
01834
01835
01836
o837
01838
01833

0184y
01841
Ql842
0lg4ed
01844
01845
01846
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- meo v © b B RSN 2 -] © mao v © nTnHnTMTMoe

©

moOoocoOmo

moo - meow mo v -

mo>® mo @ moOcw myoo®

x x

00035 B8 00035 01847
00010 90017 90024 SCALE J 01848
00012 90017 9005 SCALE H 01849
00014 90017 90026 SCALE K 01850
00016 90017 90027 SCALE L 01851
T0 J H K L 01852 .
00000 00005 TI 01853 K
T 01854
00010 00005 T1I 010903010903010903C1C903 SNNSNNSNNSNN 01855
90028 00024 00036 00036 01856
00037 01857
00036 8 00036 01858
70 J H 3 L 01859 :
00000 00005 TD 01860
T 01861 :
00010 00005 1D 010503010903016903010903 SNNSNNSNNSNN 01862 .
00037 8 00037 01863 K
90035 00006 00C43 00043 WAS ORBITAL TAPE MADE BY NCOI 01864 g
00010 90017 90029 YES. SCALE C SUB D 01865 2
00012 Y0017 90030 SCALE AREA 01866 ;
00014 90017 90031 SCALE MASS 01867 i
TO C suB O AREA MASS 01868 b
00000 00005 T1 01869 N
T 01870 ]
00010 00005 TI 010903010503010903 SNNSNNSNN 01871 X
90028 00024 00044 00044 o872 ¢
00045 018173 )
00044 8 00044 01874 3
TO € SUB D AREA MASS 01875 3
00000 00005 TD 01876 i
T 01877 3
00010 00005 TO 01090301090301C903 SNNSNNSNN 01878 g
00045 8 00045 01879 £
90033 00024 00046 00046 WERE LUNAR PERT. USED IN TAPE 01880 é
00949 NG 8 00049 01881 g
90034 00024 00047 00C47 WERE SCLAR PERT. USED IN TAPE 018482 b
00002 NC 01883 i
3
00046 B 00046 01864 4
TOLUNAR PERTURSATIONS 01885 i
00000 06005 TI 01886 3
90028 00024 00048 00048 01887
00049 o188s
00048 00048 01889
00000 00005 TO 01890
00049 01891 ;
00047 00047 01892
TOSOLAR FERTURBATIONS 01893
00000 00005 TI 01894 i
90028 00024 00050 00050 01395 H
00002 01896 1
00050 00050 01897
00000 00005 TD 01898
00002 01899 ]
00043 ORBITAL TAPE WAS NOT MADE BY MCCI 00043 01900
90Us2 00024 00031 00031 WERE CCMPLEMENTARY PERT. USED 01901
00002 01902
00031 00031 01903
TOCOMPLEMENTARY PERTURBATIONS 01904
00000 0CGOS T1 01905
9002€ 00024 00038 00038 01906
00002 01907
00038 00038 01908
00000 00005 TD 01909
00C02 01910
00000 -~ -~ - - - L 01911
02100 01912
F 012 - VECTCR PACKAGE 01913
00001 VECTOR MOVE 7 00001 01914
00005 0C001 00003 01915
X = €2100 PAGE 026




K = C21CC PACE 027

. G 00006 00002 00003 01916
G 00007 00003 00003 01917
H 00001 00004 00005 01918
H 00002 00004 00CO06 01919
H 00003 00004 00007 01920
E 00002 01921
K 00010 01922
Q 00025 02341 SQUARE ROCT 01923
* B 00001 VECTOR MAGNITUCE 9 8 00001 01924
6 00005 0C001 00003 01925
M 0G009 00005 00005 01926
G 00006 00002 00003 01927
M 00008 00006 00006 01928
A 00009 00009 00008 01929
G 00007 00003 ©O0COC3 01930
M 00008 00007 00007 01931
A 00009 00009 00008 01932
Ff 00009 0C025 00009 01933
, H 00001 0C0G4 00CCS 01934
: € 00002 01935
X 00010 01936
Q 00011 02111 VECTOR MAG. 01937
« B 00001 VECTOR DIRECTICN 8 8 00001 01938
vV 00010 +00000000+00 01939
G 00005 00001 00003 01949
6 00006 0C002 00003 01941
6 00007 00003 00003 01942
F 00008 00011 00005 01943
C 00008 0C010 0000 000C9 IS MAGNITLDE = O 01944
i H 00001 00004 00010 YES. SET CUTPUT 01945
: H 00002 00004 00019 VECTOR = 0y 0,y O 01946
4 H 00003 00004 00010 01947
3 E 00002 01948
¥ « 8 00009 8 00009 01949
& D 00005 00005 00008 01950
4 D 00006 0C006 00COF 01951
¥ D 00007 00907 00008 01952
= H 00001 NC004 000CS 01953
o H 00002 00004 00006 01954
5 H 00003 0C004 00007 01955
-1 E 00002 019%6
2 K 00010 01957
o ¢ 00020 02185 01958
i Q 00021 02186 01959
: Q 00022 02187 01960
% « B 00001 VECTOR ADC 7 8 00001 Cl9»o1
- G 00005 0C001 00CO3 01962
‘ G 00006 0LOU2 00003 01963
H G 00007 00003 00003 01964
; A 00005 0C005 00020 01965
¢ A 00006 0C006 00021 01966
s A 00007 00007 00022 01967
: H 00001 00004 00005 01966
N H 00002 0C004 00006 01969
i H 00003 00004 00007 01970
£ € 00002 01971
¥ K 0001V 01972
‘ Q 00020 02185 1973
. Q 00021 02186 01974
3 Q 00022 02187 01975
) e B 00001 VECTOR SUBTRACT 7 B 00001 01976
’ G 00005 00001 00003 01917
) G 00006 0€002 00003 01978
: G 000G7? 00003 00003 01979
$ 00005 00020 00CCS 01980
$ 00006 00021 00006 01931
S 00007 0€022 00007 01982
H 00001 00004 00005 01983
H 00002 0C004 00C06 01984
H 00003 00004 09007 01985
E 00002 vl9ce
K 00010 01987
Q 00020 0218% 01948
Q 00021 021d¢ 01989
K = C215C PAGE 027
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MIITITVETIMVEITEINETOOODOOO X MIP>PEDOPXONXIODOO

”mx MITITITXIIOOOOD X

TIITEO OO LCCcCCCECSD

00022
00001
00005
00009
00006
00008
00009
00007
.0008
00009
00001
00002

00010
00n20
00021
00022
00001
00005
00006
00007
00008
00009
00010
00008
00009
00011
00008
00009
0Go12
00001
00002
00003
00002

00015
000290
00021
00022
00001
00005
00006
00007
coo008
00001
00002
00003
00002

00000
02200

00001
00006
00007
00008
00009
00010
J0011
00012
00013
00014
00015
00017
00025
00018
00019
00016
00016
00016
00017
00005
00018
00005
00022
00001
00002

00020

K

c2187

00001 00003
G0005 00020
0C002 00003
00006 00021
00009 00008
00003 00003
00007 00022
000C9 00008
00004 00009

02185
02186
02187

00001 00G03
00002 00003
00003 ©0003
00006 00022
00007 00021
00008 00009
0C007 00020
00005 00022
00008 00009
0C005 00021
00006 00020
00008 00009
00004 00010
00004 00011
00004 00012

02185
02186
62187

00001 oo0cCC3
0C00S ¢0020
00005 00C21
0C005 00022
00004 00006
0C004 00007
00004 00008

C?15¢C

DGT PRODUCT 9

CROSS FROCUCTY

SCALAR BY VECTCR PROOUCT

F 011 - ARC TANGENT v/X

+78539816+00
+99999933400
-33329856+00
+19946536+00
-13908533+00
+96420044-01
~-55909886-01
+21861229-01
~40540580-02
+10000000+01
+00000000+00
+62831853401
00001 00CO03
00017

00002 000C)
00017 00020
431415927401
00016 00020
+15707963+401
00017 00022
+47123889+01

0C0C4 V0COS

K

c22c¢

ARC-TAN Y/XaUSGS LOCATICONS 1 TO 29

12

R-28

PAGE

PAGE

028

8 00001

B8 20001

8 00001

8 00001

8 00022

8 00020

02a

01990
01991
01942
01993
01994
01995
01996
018497
31998
019499
02000
02C01

02002
02003
02004
02005
02006
02007
02008
02009
02010
02011
02012
02013
02014
02015
02016
02017/
02018
02019
02020
02021
02022

02023
02024
02025
02026
020217
02023
02029
02030
02031
02032
02033
02034
62035

02C30
02037
020338
02039
02040
02Cs4t
€042
02043
02044
02045
02046
02047
02048
02049
02040
02091
02052
02043
02054
02055
02056
02057
020¢

02059
02060
02061
04002
02063

02064
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R X

[oF =N -] o]

00005
ocools
00005
00018
00005
00005
00005
00022

00021
00023
00015
00024
00023
00005
00024
00024
000.4
00024
00024
00024
00024
00024
00024
00024
00024
00024
00024
00024
00024
00005
00005
00005
00005
00005
00022

00000
02235

00612
00614
0noo1l
0C005
00006
00007
00008
20009
00010
00011
ooc12
00G13
00011
00014
000:5
00016
00017
00018
00C19
00020
00021
oco12
¢ .001
00021
00021
00027
00L05
00006
00002

00000
02270

K = (€2200

00018 00016
+10000000+01
00017 00021
-10000000+01
00017 00005
00017 00021
00095 00019

PAGE 029

00005

8 00021
o0u1l5

+10000000+401

00005
00023
00023
00005
00024
00024
00024
00024
00024
0C024
00024
00024
00024
00024
00024
0C024
00024
0C024
00024
oools
00005
00017
00025

02365
02361

00015
00024
00023
00014
00013
00005
00012
00005
00011
00005
00010
20005
00C09
00005
60008
00C05
ooco7
00c23
00006
00C05
00019
00022
00005

F 057 - KEPLER(REVISED)-SMART AND RCSENTHAL
COSINE F
SINE F

KEPLER FUNCTION

+17000000-06

10000000 02

100000GC 01

€0000000 00
0C0C1 00CO3
0€002 00C03

00000000 00

8 00001

00009

0001l
00612
00614
0colc
00010
00012
0coo0/
00018
Q0020
0001¢
00004
0Co08
0C008

00021
00011

-

B 00013
00207
00012
00012
00C14
0CO15
000t7
00016
00009
ooc19
00021
00012
00027
00021
8 00027
00002
0oC13

TYPE 1
90001 00200
90002 00275
90003 00276
90004 00277

DATA EDIT ANC STORE

JoD. CF DATA,FCLL.BY SEC.+ROUNC VALUE

LCNGI TLDE
LATITULOE
HEIGHT

K = (0227C

B-29

——

PAGE 029

02065
02066
02067
02064
02069
Qa2cern
02071
02012

02073
02074
02075
02076
02017
020178
02079
02080
02061
02082
02043
020484
02085
02086
02047
02084
02089
02090
€2091
02092
02093
02094
02095
02046
02C971
0209¢v
02099

J2100
02101
Q2102
02103
02104
02109
021cé6
02107
02104
02109
02114
02111
02112
02113
02114
G215
02116
02117
021119
02113
02120
02121
o2l122
02123
02124
Q2125
02126
021217
02128
02129
021130
c2131

02132

02133
02134
02135
02136
02137
021134
02139




MOT<C<LCCC<C<TOOODOODOOOODLODODOODOON0

M IIIIIITTION® MOXOMDZDETMTNOINDID

mM2DO»®

m»om

X

w® MIO=O—~O®

90005
90006
90007
90008
90009
90010
90011
90012
90013
90014
90015
90016
90017
90018
90019
90020
20021
00001
00005
00006
00007
00009
00010
00008
90008
00012

00011
00014
00012
00018
90011
00021
00023
00025
90011
00025
90005
00027
00016

00013
00027
00016
90013
90014
90015
90016
90017
90018
90019
90020
90007
00014

00015
90008
20006
00014
90007
00002

00017
9C009
00002

00000
02300

00001
00005
00006
00010
00006
00005
00001
00002

00008

K = (02270 PAGE 030

00241 SUN INDICATOR 1 1
00274 NO. OF LINES TO GO IN LEFT HALF OF PAGE I
00215 STORAGE CCUNTER 10
00216 CNTR. OF KHALF LINES STORED I0
00217 CNTR. OF FULL LINES STORED 10
01751 JeDo-SEC TO J.D.-HR-MIN F. 12
00099 ROUND VALUE 0
01646 ROUND + SCALE F. F
04000 FIRST LOC. OF TY?E 1 DATA STORAGE 0
04001 .
04002 .
04003 .
04004 FIFTH LOC. OF {YFt 1 DATA STORAGE
04005 B
04006 .
04007 EIGHTH LOC. OF TYPE 1 CATA STORAGE
00108 NG. BY WHICH TO MULTIPLY HT,
TYPE 1 DATA EDIT AND STORE F,. 8 00001
+00000000+00 (EDITS A HALF-LINE OF
+#10000000+01 TYPE 1 DATA FCR PRINTING
+10000000+405 AND STORES IT. ALL INPUTY ¢+
+16000000+02 OUTPUT S Q*'D. USES 27 LOCS.)
+80000000+01
L]
90006 00011 00011 IS LEFT HALF OF PAGE FuLL
YES
NC 8 00011
00015 SET TC STORE IN LEFT HALF
8 00012
9C010 90CO01 JaD.-SEC TC JoDo-HR-MIN
0000/
90012 90C02 RUUND, SCALE LCNG.
90012 ~0C03 ROUND, SCALE LAT.
90004 90021 SCALE HEIGHT
00006
90012 00025 ROUND HEIGHT
00006 00013 00013 WAS SATELLITE IN LIGHT
00008 YES. = INTO SUN LOC.
NO 8 00013
00005 ZERQ INTO SUN LOC.
B 00016
9C007 €Gul9 HOUR HOLD TYPE 1
22007 00020 MIN. DATA INTGQ STORAGE
90007 00021 LONG
90007 00022 FR
90007 00023 LAT
90007 00024 FR
90007 C0025 HT
90007 00027 SUN LOC.
90007 00009 STG. CNTR. +16
GO TO B1S OR B17
8 00015
90008 00C06 CNTR. OF FALF-LINES STORED +1
90008 00COZ HAS LEFT HALF CF PAGE BEEN FILLED
00017 YES. SET 7O ADD TG CNTR. OF FULL LINES
00010 SEY STG. CNTR. TC STORE
IN RIGHT HALF OF PAGE
8 00017
90009 00CO0& CNTR. OF FLLL LINES STORED ¢}
F 002 -~ ARC 3IINE-ARC COSINE-SQUARE RCOT
ARC SINE 8 00001
00001 00C03
-10000000+01
00005 C0008
+101700000+01
0001v 00009
00004 00010
8 00003
K = (£23CC PAGE 030

B-30

02140
02141
02142
02143
0214/

02145
02146
02147
02148
02147
02150
02151
021%2
02153
02154
02155
02146
02157
02158
02159
02160
0216l
02162
02163
C2164
02165

02166
02167
02168
02169
.2170
02171
02172
02173
02174
02175
02176
02177
02178

021179
02180
c .1
021s .
02183
02184
02185
02186
02187
02188
021489
02190
02191

02132
02193
02194
02195
02176
02197

02198
02199
02200

02201
02202
02203
02204
02205
02206
02207
062208
02209
02210
02211

2212

& vz

AR

*

e

[T

St iR ittt aast Sy

)
e

B !

-

%
3
§




PP

Yot

Bl e B iy R

e

gt |

MmMI XDV

MICOmO~ODX

MmMYpIXTNOLE

MIVETNP>PEIPIPIPIIPIPIPITNONX

MITCOCLCPXCLCCLLCLCC LS

CoO»POPINNT >

00005
00009
00005
00005
00001
00002

00010
00001
00005
00006
00005
00006
00010
00007
00001
00002

00008
00005
00009
00005
00005
00005
00001
00002

ocolo
00001
00005
00006
00007
€0007
00007
00007
00007
00007
00007
00007
00007
00007
00007
00007
00007
00007
00006
00007
00007
00001
00002

00010
00011
00012
00013
00014
00015
00016
00C1?
00018
00020
00001
00007
00010
00003
006003
00001
00002

00006
00008
C0009
00011
00007
00009
00012
u0ol3
00014
00015
00016

K

00010 00005

060021 00005
00005 00C06
0C004 00005

40001 00003
~10G0C000+01
00010 00CC9
+100000CC+01
00005 00008
+15707963+01
00004 00007

0Cc010 oucos

0CO0l1 00CO0S
00005 00006
00005 o00co7
0C004 00005

00001 0CCO3
00010 00005
0CO011 C0COS
00007 00012
00007 0CQO0S
00007 00013
0C007 GOCOS
00007 000L4
03007 00005
00007 00015
00007 0CcCoO5
00007 00016
00007 00005
00007 cco17?
00007 00005
00007 00018
00021 00006
00006 00007
0o0a18 00CC7
00004 10007

+10000000+01}
-12624911-02
+66700901-02
-17088125-01
+30891831-01
-50174304-01
+88978987-01
-214596880+00
+15707963+01

10000000 O1I

20000000-07
00001 00CO3
00005 00006
00004 00005

00007 00007
0C0u17
00007 00010
00003 00012
00003

60003 00009
60009 00013
00014 O0cCO®
06015 00009

K

€23c0

PAGE 031

B 00009

CHANGED FOR TEST 11 70 21

ARC COSINE 8 00001

8 0CO08

B 00009

AR, SINE COSINE SERIES

0234C

8 00001

SCUARE RCOT FUNCTICN 8 00001

8 00006

8 00012

PAGE 031}

B-31

02213
02214
02215
02216
02211
02218

02219
02220
02221
02222
02223
02224
02225
02226
02227
02228

02229
02230
02231
02232
02233
02234
02235
02236

02237
02238
02239
02240
Q2241
02242
02243
02244
02245
02246
02247
02248
02249
02250
€22%51
022%2
02253
02254
02255
02256
02257
02258
02259

02260
02261
02262
02263
02264
02265
02266
02267
02268
02269
02270
02271
02272
022713
02274
022175
02276

02277
02218
022179
02280
02281
022b2
02243
02284
02285
022&6
02287

'q:w-_



00009
00011
00001
00002

mIORX

00000
02360

x x

00001
00010
00012
00013
00014
00015
00016
0co1s
00019
00002
0uv020
00003
00020
00003
00021
00022
00022
00022
00003
00003
00020
00023
00024
00025
00003
00025
00020
00003
00027
00028
00028
00028
00028
000zs
00028
co0es
00028
00028
00003
00001
00002

MIZEPEPIPIPERICONO=DIINIVNVEICORDLNOIIONZLCLCCCCCESD

00026
00003
00023
00024

mwnwom

00005
00003
ooc17
00017
00005
00006

MINKNOD

00000
02400

x x

90001
00001
00005
00011
00006
00007
00007
00008
00009
00015
00010
00001
00010

P2mEO0CPrX—C<<PO

K = (C234C PAGE 032

00015
00016 00012
0. "% 00009

F 001 - SINE-COSINE
SINE-COSINE FUNCTION B8 00001
+10000000+01
15707963 01
-64596371 00
19689679-01
~46737660-02
15148400-03
+00000000+00
+62831853+01
00001 00003
00010
00018 00021
00016 00020
70018 00003
8 00021
N0003 00019
00022
00022 00019
00003 00022
00C03 00020
00016 00012
00010
B 00024
+31415926+01
000])2 000¢zé
0008 00025
000923 00026
00003 00012
00003 00003
00016 00027
00028 0001S
00028 00C27
00028 0CO1l4
0C028 00027
00028 00013
00028 00027
00028 00012
00n28 00323
09028 00003
00004 00003

8 00020
00003 00025
00018 00023

8 0000%
00005 0007
0Col12 00C03
000CL 00017
00008 00017

F 053 -~ INPUT CONVERTER

00824 20826 I

INPUT CONVERTER LSES LOCATICAS 1 TA 6l 8 000Ul
+00000000+00
+46000000+02
+100C000C+02
93001
00007 00CO7
+10000900+01
0C008 ocQca?
0C009
+0000300GC+00

N 00CC1

0C010 00CO6

K = (24CC PAGE C32

02288
02289
02290
02291

02292
02293
02294
02295
Q02296
02297
02298
02299
02300
02301
02302
02303
02304
02305
02306
02307
02308
02309
02310
02311
02312
02313
02314
0231
02316
02317
02318
02319
02320
02321
02322
02323
02324
02325
02326
02327
02328
02329
02330
02331
02332
02333
02334
02335

02336
u23417
02338
02339

02340
C2341
02342
023143
02344
021345

02346
02347
02348
02349
02350
02351
02352
023453
C21in4
02355
023%6
02357
02358
nN2399
02360
v23e6l
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00009
00015
00011
00001
00006
00012
00013
00013
00013
00013
00013
00012
00012
00001
00002

00014
00013
00012
00012
00001
00002

00000
02470

K = (C24CC

00009 00006
0001C 00009
00010 Q0001

+8000C000+01
00001 00003
00002 00003
00013 00006
00005 00014
00005 00013
00015 00013
000i2 00cCO7
00012 00013
00004 00012

00015 00013
00012 00007
00032 00013
00004 00012

- - - - - -

STORE AND WRITE SATELLITE POSITICN AND REAL FIELD TAPE DATA RECOR

90001
90002

90003
9000«
90005
90006
90007
90008
90009
90011
90012
90013
90014

90015
90016
90017
90018
90019
00001
00005
00006
00007
00009
00010
90011
90012
00015
00015
00014
00016
00014
00014
00017
00015
90013
90024
00013
90015
90016
90017
90018
90019
90011
00009
90012
90011
00002

01801
01021

00200
00201
00275
00752
00750
00766
00765
00265
05600
05601
05602

05605
05606
05607
05608
05609

+000000L00+00
+60000000+01
+10000000403
+30000000+403
+3%000000+03
00005 00C:3 00013
90002 90003
90012 00007
00015

0001% 00007
90012 00014
00015 00007
00014

00014 00007
00015 00017
90001 00014
90004

90011 90005
90011 90006
90011 90007
90011 90C08
30011 90009
90011 00006
90011 00002
00010 TCB
00005

X = (Q000C

DAY COUNT ¥.

JeDe TO PACKED DATE F.

-DATA TO BE SYCREC IN KECORD-
J.0. TIME OF CATA

SFC. YO BE STORED

LONG. (DEGREES)
GEOC. LAT. (DEGREES)
GEOC. DIST. (KM,)

8 (GAUSS)
(EARTH RADII)

"N

L

STORAGE CCUNTER

DATE TIME CF FIRST SAT.

DAY CT. DATA [TEM IN RECORD

sEc.

-FIRST DATA ITEM IN RECORD-

LONGITUDE (DEGREES)

GEOCENTRIC LATITUDE (DEGREES)

Ry GECCENTRIC CISTANCE (KM.)

8, FIELD STRENGTHM (GAUSS)
LyMAGNETIC SHELL RADIUS (EARTH RADII)
STORE WRITE SPRF REC.(17 LOCy¢ 350 FOR REC
STORES 5 WOROS (LONG.,GECC.LAT.,GEQOC.DIST
B AND L) IN A 6-WORD DATA ITEM (NOTHING
STORED IN WORC & OF ITEM) TIME OF ITEM IS
STORED IF IT IS FIRST IN RECORC.WHEN 50 §
OF DATA ITEMS HAVE BEEN STORED THEY ARE
WRITTEN CN TC IN A 350-WORD BINARY RECORD
THIS IS STARY OF A RtCORD. COMPUTE DATE
YYMM. DD UNPACK DATE JUST COMPUTED TO
YYVM USE TO GEY DAY COUNT OF YEAR
YYHPOO

oD

YY MM

Yy

Y%¥0C

L]

COMPUTE DAY CT.

SECONDS

COMPUTE SATELLITE OATA 1TEM

STORE LONG.

STGRE GEOC. LAT.

STORE GEOC. DISTANCE

STORE 8

STORE L

$TG. CNTR. ¢6

HAS A RECCRD BEEN STORED

OO0 OO0 rmcet oo omt st vt bt wm

SEY STG. CNTR.=0

B-33

G33

N 00001

8 00014

8 C0001

8 00013

PAGE 033

02302
02363
02304
02365
023606
023017
02368
02369
02370
02371
02372
02373
02374
02375
023176

023717
02378
02379
02380
02341
023682

023483

02384
02385
023806
02387
02348
02389
02340
02391
02392
02393
02394
02395
02396
023917
02394
02399
02400
02401
N2402
02403
02404
02405
02406
02407
02408
02409
02410
02411
02412
02413
02614
02415
02416
02617
V2418
02419
02420
02621
02422
02423
2424
02425
02420
024217
02628
02429
02430
02431
02432
02433
LiPLEL]
02435

02630
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K = 0CC00

Lilals o3t - - = - - - - L R T I T
QLbv

WRITE END KECORDS CN SPRF TAPE
§5000. 05600 FIRST LOC., OF RECCRD STG. 0
90002 05605 FIRST DATA ITEF I[N RECORD STu.
20003 00265 RECORD STCRAGE COUNTER I
90004 00791 NO. OF ADDS FOR WRITE DELAY I
00001 WRITE FND RECORD CN BINARY TAPE F.
0005 +0000C000+00 ENTER WITH (Z)=NC.OF WORDS PER ITEM ON TC
(0006 +1000G000+01 iF LAST CATA CID NOT FILL A RECORD,AN [TE
000CT +8000G0G0+01 OF 9'S IS STCRED AFTER IT # THE TFCORD IS
00009 +350000C0+03 WRITTEN."F LAST CATA FILLED RECORD,A RECO
00010 +99999999+08 WITH 9°S IN WD5.1--8 !S WRITTEN.THEN WRITE
00019 —~1000C000+01 2 REC.WITH 9'S §N WD5.1-8,EQF*S,+ REWINDS
90003 0C0CS 00011 00011 BID THE LAST DATA FILL A RECORD
00014 0000% YES. CNTR.=0
00012
90001 00014 00010 STORE AND WRITE A RECORD
00014 00014 00006 CONTAINING 2°*S IN WORDS 1-8
00007 00014 00012
9000) 0COC9 1C8
00015
00011 THE LAST DATA DI0 NOT FILL A RECCRD

00008 00001 00003
00014 90003 00008
00013

900C? 90003 Q0010
90003 90003 00006
00014 90002 00013
90001 00009 YCB
00015

00014 00005

Covuls

00014 00014 000C6
90004 00014 00016
00017

00014 07005

00018

90001 00014 0001C
40014 00014 00000
00007 GOCl4 00418
90001 0C009 7CH
90001 00009 *CB
00014 CCOL¢ 70019
00000 00014 YCB
0000C 1C6.3 ~78
00002

00000 - - - - - = =
02515
F 074 - GSFC ELEN,

90001 03074
90002 00166
90003 00168
9000~ 0C150
90005 00160
90006 00602
90007 00603
90008 00604
90LI9 00605
90010 00608
90012 00501
90013 005C2
90014 00516
30015 00513
90016 00517
90017 0051%
90018 00523
90019 00524
90020 00525
90021 00522
90022 00521
9u023 00616
90024 02341
9002% 02301
90026 02361
90027 00821
90028 00822

K = (2515

NO. OF WOROS/DATA I1EM ON TC

STORE AN ITEM CF 9°'S AFTER
THE LAST DATA STCRED AND
WRITE THE RECCRD

PERFORM ADDS FOR WRITE DELAY

STORE AND WRITE 2 END SENTINEL
RECORCS, EACH WITH 9°*S IN WDS. 1-8

EQF SPRF
REWINC SPRF

PRINT F

PAGE CAUNTER

PRINTER OUTPUT OPTION
TAPE CLTPUT QPTICA
SATELLITE IDENT. NO. LUOC.
SATELLITE NAME LOC.
YEAR DATE AND
PCNTH TIYE CF
OAY ELEMENTS
HR

MIN

A (Celela)

€

[e]

1 (RAD)

M (RAD)

CAP OFMEGA (RAD)

SMALL CMEGA (RAD)

PERICD (C.NeT.)

HT. OF PERIGEE {C.U.L.)
KT, OF APCGEE (Col-Le)

7aP OMEGA DCT (RAC/Cl.U.T,)
SMALL OMEGA DOT (RAD/C.U.T.!
P DCY (ColaTo/CalnTe)
SCUARE ROCY

ARC SlIn

SIN

DEG/RAC

KF/Colale

e e TV W WY e e e g o e et o bt S Bt G St Gt G Gt Bt St (ot Bt et

B-34

PAGE

034

00001

00012

00011

00013

00015

00016

00017

00018

034

02437
02438
C2439
02440
02441
02442
02443
02444
02445
02446
02447
02448
02449
02450
02451
02452
02453
02454
02455
02456
02457
0z458

02459
0L+00
02461
02462
02463
Q24064
02465
02465
C2467
02468
024069
024170
024il
02472
02473
02474
'7LY 4]
02476
02477
02478
02479
02480
024481
c26182
Oz483

02484
02485
02486
02487
02488
02489
024959
Q2491
02492
Cz493
22494
02495
02496
02497
02498
02499
02500
Q25u1
02502
02503
02504
02505%
02506
02507
n2508
02509
02510
u2sll
02512
02513
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K =

90029 00832

90030 00833

90031 00834

90032 00835

90033 00826

90036 01646

90037 00072

00019 00099

00001

00020 +0000000C+00
00021 +10000000+01
00022 +1000000C+02
0002s +10000000:03
00024 +1:0000000+04
00025 +10002100+05
00026 +10042C0N00+06
00027 +500C200C+02
00028 +20000000+01
00029 +1000000G+07
00036 +19000000+02
00G17 $G037 “Cie
£J006 90026 14
.0008 90026 90C17
0N006 00006 QOCOS8
00006 9C025 006906
00008 00021 90013
00009 00021 90C13
00010 00008 00009
00010 00010 90C12
0010 9C024 00010
00012 00079 00CO8
00012 00012 90012
00012 $0024 00C12
0030 90004

0C031 90005 00C20
00V32 90035 Oo0v21
00033 90005 00028
00V35 90006

noo3é 90007

00037 90008

00038 Y0009

00039 90010

00040 90010 00039
00040 00040 00023
00018 90012 90028
00019 00023

00041 90036 0OC18
00018 9C012 90029
00043 90036 00018
voul9 00026

00045 90036 90013
00018 90014 90027
00019 00024

00047 90036 00048
00018 9C015 90v27
00049 90036 00018
00018 9COLe 9u027
00051 90036 00018
00018 9COcL 90027
00018 00018 90030
0001/ 00025

000* 3 90036 0001¢
0V0.8 90017 90027
00019 00024

00055 90036 00018
00018 90022 90027
0C018 00016 90030
o0ncl9 00025

00057 90036 0001A
00018 90018 90031
0V019 0C026

00059 90v3se 00018
00018 90023 0030
00018 00018 90031
00019 0V026

00v61 9C036 00018
00018 90019 90028
00019 00023

00063 9C036 00CL8
00018 9CO19 90029

« =

0251%

c251s

MI/Coleco

CeUT., /DAY

MIN/C.U. T,
(KM/Celiel e }{CULTL/HR)
(MI/CaUet e} {ColaTo/HR)

ROUND AND SCALE F.

NC. OF LINES PER CUTOUT PAGE
LOC. CF NC. USED =7 ROUNDING *F.
INITIAL ELEMENTS PRINT FUNCTIGCN

(ALL INPLT IS Q*D. THE INPUT ELEMENTS

ARE PuT IN THE PROPER UNITS ANC ARE

O = T ot

PRINTED CN TAPE 1D AND/OR ON THE ON-LINE

PRINTFR,ACCORDING TO THE INPUT GPTIONS)

USES LOCS. 1-76

NO. OF DATA LINES TO PRINT
NCe OF LINES T8 SKIP

SIN |

SIN (SMALL OMEGA)

LAT.
1¢E
1-€
1+E/1-E
({1+E/1-E)/A
VEL. AT PERIGEE
1-E/1+E
({1-E/14+E) /A
VEL. AT APOGEE
SAT. IDENT. NC.
SAT.

NAME

OF PER.=ARC SIN

YR
MC
DAY
HR

A IN K¥.

RCUMYy SCALE A
A IN MILES

RCUND, SCALE E

1 IN DEG.

M IN DEG.

R.A, OF ASC. NCDE (CAP OMEGA) IM DEG.
CLP OMEGA DCT (DEG/DAY)

ARG. COF PER., (SMALL OMEGA) IN CEG.

SMALL OMEGA DCT (LEG/DAY)

PERIOD IN MIN.

P DCT IN PIN/DAY

KT, OF PERIGEE (KWM.)

HY. OF PFRIGEE (MILES)

(SIN I)(SIN OMEGA)

PAGE

PAGE

035

8 00001

0?8

02514
02515
02516
92517
02918
0259
02529
02521
02%22
02%23
02524
02525
0252+
025 17
02524
02529
02530
02531
0252
025133
22934
02535
02536
02537
02538
02539
02540
02541
72542
0254?
02544
02545
02546
02547
02543
02549
02550
02551
02552
02553
025%%
C2555
02556
02557
025%8
02559
02%64
02561
02562
025%)
02564
02565
02566
02567
02568
02569
02510
c25171
025172
025113
02574
02575
02517¢
025117
02518
02519
02580
02%4t
025402
02583
02544
V25HY
02%b0
02547
02584
v2589
02590
02591
02592
c259)3
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X

00065 90036 00018
00018 90020 50028
00067 90036 00018
00018 90020 90029
00069 20036 00018
00019 00021

ocor8 00010 90032
00071 90036 00018
00018 00010 90033
00072 9003¢ 00018
00018 00012 90032
00073 90036 00018
00018 00C12 90033
00074 90036 00018
00018 00006 90027
00019 00024

00075 90036 00018

90002 00020 C0007 000CT7

00011

90003 00020 00013 00013

00002
00007
T
00000 00021 PA

= (2515

HY. OF APOGEE {KNM.}

HT. OF APOGEE (MILES)

VEL. AT PERIGEE (KM/HR}

VEL. AT PERIGEE (MI/HR)

VEL. AT APTGEE (KM/HR)

VEL. AT APOGEE (MI/HR)

LAT, OF PER. (CEG.)

PRINTER OUTPUT
TAPE CUTPLT

T INTERIM DEFINITIVE ELEMENTS

00000 00021 PA
T
00000 00028 PA

T ORBITAL ELEMENTS FOR ’

00030 00021 PA

15060£603040404

T FROM GODDARC SPACE FLIGHT CENTER

00000 00021 PA
T EPOCH Y
00035 00021 PA

M D AT HOUR . MIN. UT

0703020302030503060303
T SEMI-MAJOR AXIS .

KILOMETERS

C0041 00021 PA 15060703150703

T ECCENTR:iCITY .
00045 0002! PA 15060206

T INCLINATION . DEGREES
00047 00021 PA 15060404

T MEAN ANOMALY . DEGREES
00049 00021 PA 15060404

T ARGUMENT OF PERIGEE . DEGREES, .
00055 00021 PA 15060404130305

T R.A, OF ASCEND,NQCE - DEGREES, .
00051 00021 PA 15060404130305

T ANOMALISTIC PERIOD . MINUTES, .
00059 00021 PA 150605061002C6

T HEIGHT OF PERIGEE . KILOMETERS
00063 00021 PA 15060703150703

T HEIGHT OF APOGEE . KILOMETERS |
00067 00021 PA 15060703150703

T VELOCITY AT PERIGEE KM, PER HRe (
00071 00021 PA 150607150307

T VELQCITY AT APOGEE KMo PER HR. {
00073 00021 PA 150607150307

7 GEOC.LAT.OF PERIGEE .

00075 00021 PA

T
00000 00021 PA
00011

00013

DEGREES
15060304

TLINTERIM DEFINITIVE ELEMENTS

00000 00021 TD
T
00000 00021 TO

TOORBITAL ELEMENTS FOR ’

00030 00021 T

T FROM GOODARD
00000 00021 YO

T EPOCH Y
00035 00021 TD

T SEMI-MAJOR AXIS .

0004! 00021 71D

T ECCEMTRICITY
00045 00021 TD

T INCLINATION
00047 00021 TD

K

15060603040404
SPACE FLIGHT CENTER

M D AY HOURS «  MIN, AT
07030203C2030503060303

KILOMETERS |
15060703150703
15060206

DEGREES
15060404
= (C2%5)8

B-36

SSNSAAA

SNSNSNSNSNN
. MILES)
SSNNSNN

SSNN
SSNN

SSNN
DEG. PER DAY
SSNASNN
DEG. PER DAY
SSNNSNN
MIN. PER DAY
SSNNSNN
D MILES)
SSNNSAN
. MILES)
SSNASNN
Mi. PER HR.)
SSNSSN
MIe. PER HRa!
SSNSSN

SSNN

SSNSAAA

SNSNSNSNSAN
. MILES)

SSNNSNN

SSNN

SSNN

PAGE 036

B8 00011

8 00007

B 00013

PAGE 036

02594
02595
02594
02547
02598
02599
02600
02601
02¢€02
02603
02604
02605
02606
02607
02608
02609
02610
02611
02612
02613
02614

02615
02616
02617
02618
02619
02620
02621
02622
02623
02624
02625
02626
02627
02628
02629
02630
02531
02632
02633
02634
02635
02636
02637
02638
02639
02640
02641
02642
02643
02644
02645
02646
02647
02648
02645
02650
02651
02652
02653
02654

02655
026%6
02637
02658
02659
02660
0z661
02662
02663
026064
02665%
02666
02647
02608
02669
026170
026171
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K = 02515 PAGE 037

T MEAN ANOMALY - DEGREES
00049 00021 TD 150£0404 SSKNN

T ARGUMENT OF PERIGEE . CEGREES, - DEG. PER DAY
00055 00021 D 150604041303C5 SSNASNN

T R.A. OF ASCEND.NOCE - DEGREES, - DEG. PER DAY
00051 0C021 TD 150€04104130305 SSNNSNN

T ANOMALISTIC PERIOD . MINUTES, . MIN. PER DAY
00059 00021 ™D 1506050€1C02Cé SSNASNN

T HEIGHY OF PERIGEE . KILOMETERS . MILES)
00063 00021 D 15060703150703 SSNNSNN

T HEIGHY OF APOGEE - KILOMETERS ( - MILES)
00067 00021 7D 150607031507C3 SSNASNN

T VELOCITY AT PERIGEE KM, PER HR. | MI. PER HR.)
00071 00021 D 15060710307 SSNSSN

T VELGCCITY AT APOGEE KM. PER HR. { MI. PER HR.)
cCO73 00021 TD 150607150307 SSNSSN

T GEOC.LAT.OF PERIGEE . DeGREES
00075 00021 TD 15060304 SSNN

T
00000 0COL17 1D

T PAGE
90001 00021 1D 15150505 SSSN
90001 90001 00021 ADD 7O PAGE CNTR.
00002
00000 - -~ - L T e e T R TR R R T
02600

MASTER ORBIY TAPE ULVPUT FUNCTION

90001 006700 JeDo I
90002 00701 SECCNDS,FCLL. BY RCUND VALUE 1
90003 0C751 GEOC. LONGITUDE (DEGREES) 1
90004 00752 GEOC. LATITUDE {\DEGREES) 1
90005 00750 RADIAL DISTANCE (KMe) 1
90006 00755 INERTIAL RT. AS. (DECREES) 1
90007 00756 VELOCITY RT. AS. (DEGREES) 1
90008 00757 VELOCITY CECL. (DEGREES) I
90009 00758 FAG. OF VELOCITY (KM/SEC) I
90010 00760 GEOMAG. R SUB © (CeVUels) I
90011 00761 GEOMAG. LATITUDE (DEGREES) 1
90012 00765 REAL FIELD L (CoeUsla) 1
90013 00754 REAL FIELC B (GAMMA) 1
90014 0C767 REAL FIFLC B/8C 1
90015 C0770 REAL FIELD RT. AS. (DEGREES) 1
90016 00771 REAL FIELD DECL. (DEGREES) 1
90017 00405 OQUTPUT PAGE NUMBER 10
90018 00400 DATA RECORD CGUNTER 10
%0019 0C151 YEAR OF REFERENCE I
90020 00152 DAYS JAN. 1-DREF I
90921 01751 JeDoe=SEC. TO J.Do~HR.-MIN. F
90022 01701 DATE FUNCTION F
90023 01646 RCUND AND SCALE F
90024 00099 LOC. OF RCUND VALLUE 0
90025 00412 ALPHABETIC SAT. IDENT. (3 LETTERS)
90026 0C413 LAST 4 DIGITS CF SAT. IDENT. NO.
90027 O01e0l DAY CCUNT F. F
00001 MASTER ORBIT TAPE QUTPUT Fa 8 00001
00005 +00000000+00 (ALL INPUT IS Q°*C. SCALES DATA AND WRITES
00006 +1000000C+01 1 DATA RECCRD CN TI. ALSO WRITES 2 PAGE
00007 +47000000+G2 HEADING RECORCS IF 47 DATA RECCRDS HAVE
00008 +10000000+03 BEEN WRITTEN SINCE LAST HEADING RECORD
00009 +19000000+04 USES 49 LCCS.)
00045 +10000000+02
000646 +10000000+04
00020 90021 90001 JeDe-SEC. TO J.De-HR.-MIN.
00012 90019 YREF
00013 90020 00020 DAYS JAN.1-DATE
00015 90022 00Cl2 YEAR, MONTH, DAY
00007 90018 00047 SHOULD NEw PAGE BE STARTEC
00012 0C0CS 00015 YES. ACD 1900 TG YEAR
00010 90025 3 LETTERS OF SAl. IDENT.
00Cii 90026 LAST 4 DIGITS (F SAT. ID. NO.
00013 90027 00015 DAY NUMBER
00014 90017 PAGE NC.

TLIDATE TIME GEOCENTRIC INER. VEL.VECTOR GECMAG. RE

+AL F. 6 .
00010 00006 TI 151515151501040505040204 SSSSSSANNASN

T MMDD HHMM LONG. DIST. R.A. R.A. DECL.VEL. RO LAT. L

K - PAGE 037

B-37

02672
u2673
02674
02675
026176
026171
c26178
02679
02680
02681
02682
02683
02684
02685
02686
02687
02688
02689
02690
02691
02632
02693
02694
02695

0269%6
02697

02698
0269y
02700
02701
02702
02703
02704
02705
Q2706
02707
027vs8
02709
02710
02711
02712
02713
02714
02115
02716
02717
02718
02719
02720
02721
02722
02123
02724
02725
02726
027217
02128
02729
02730
02731
02732
02733
02734
02735
02736
02737
021734
02739
02740
02741
02742
02743
02744
02745
02746
02747
02748
02749
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K = (2600

+ B 2/80 R.A. DECL.
000900 0000e TI
90017 90017 00006 PAGE NC. +1
90018 00005 SET DATA RECORD CNTR.=0
00047
00015 00016 00CuS8 MMOD
00010 00016 00017 ¥¥OD
00021 0CO21 00008 HHOQ
00011 0C022 MIN.TO INTEGER ¢ SCALED FR.{ROUND+SCALE F.
+0012 00022 00011 IS NOT USED, AS MINUTES WERE
00012 00012 00045 ROUNCED IN J.Co-SEC. (0 J.D.-+-MIN. F.
00011 00021 oOC1! HHMM
30024 00046
00013 90023 90cCC3 RCUND, SCALE GEOC. LONG.
00015 90023 9GC04 RCUND, SCALE GEOC. LAT.
90024 00006
00017 90023 0005 ROUND, SCALE RADIAL DIST.
90024 00008
00018 90023 90006 RCUND, SCALE IMNERTIAL RT. AS.
90024 00045
00020 90023 90007 ROUND, SCALE VELOCITY RT. AS.
00022 90023 90003 ROUNDy SCALE VELGCITY DECL.
00024 90023 90C09 RCUNDy SCALE VELOCITY MAG.
90024 0000¢
00026 90023 90C10 ROUND, SCALE RO
90024 00045
00028 90023 %0C1l1 ROUND, SCALE GEOMAG. LAT,
90024 0CO046
00030 90023 90C12 RCUND, SCALS L
90024 000C6
00032 9023 90C13 RCUNG: 5 - 3
90024 00046
00033 90023 9CCl4 ROUND, SC&LE B/BO
90024 00045
00035 90023 90C15 RCUND, SCALE REAL FIELD RT. AS.
00037 90023 0016 ROUND, SCALE REAL FIELD DECL.

. - - - - . - - - .

+. . . .
00010 00006 TI Q01 050502C4040304070403C4020302C3020303NNNNNNNNNANNNNNNNN
CONTINUED 0302030406030404020302 NNNNNNNNNNN
90018 90018 00CCs ADD 1 Tr CNTR. OF DATA RECGRDS
00002
00000 - - - A I T S oo
02655

F 147 - GEQMIGNETIC LATITUDE AND LONGITUDE
90001 02361 SINE F
90002 02365 COSINE F
90003 02201 ARC TAN Y/X F
90004 01501 ARC TAN Y F
90005 02341 SQUARE ROGT FUNCTION F
90006 0C746 SGLAT (GECC. LAT. IN RADIANS) I
90007 0C745 SGLON (LONG. IN RADIANS) 1
90008 00761 SMLAT(GEOMAGNETIC LATITUDE) 0
90009 00762 SMLON{GEOMAGNETIC LONGITUDE) 1}
00010 00860 GEUC.CCLATITUDE OF NORTH GEQOMAG.FOLE (RAD)
00011 00861 LONG.OF NORTH GEOMAGNETIC POLE (RAD.)
00001 CCMPUTE GECMAGNETIC LATVITUDE ANC LCNGITUDE
00012 +10000000+01
00005 90006
00006 9C007
00015 90002 00010 CCS (CoCPLCL)
00016 90001 00CO5 SIN (SGLAT)
€0017 9C00L 00C10 SIM JDCPLCL)
00016 90002 00005 COS (SGLAT)
00C19 00006 00011 SGLCN-AAMBZ
00020 90002 00019 COS{SGLON=AAMBZ)
00021 00015 00Clé COS(DPLCL) SIN(SGLAT)
00022 00017 00018 SIN(DPLCL) COS(SGLAT)
00022 00022 00020 SINIDPLCL) COS(SGLAT) COS(SGLON-AAMBZ)
00021 0CO21 00C22 X=CCS(DPLCL) SIN(SGLAT) + (ABOVE)
00023 00021 0002: Xes2
00024 00012 00023 1-Xee2
00025 90705 00024 SCeRT. (1-Xue2)
00026 00021 00C25 X/SC.RT, (l-Xsa2)
00007 90004 00026 SMLAT=ARC TANIX/SQ.RT, (l-X#e2))
00027 9conl 0DONY SIN{SGLON-AAMBZ)
00028 90002 00CQ7 CCS(SMLAT)
00029 00018 00027 CCS{SGLAT) SIN(SGLCN-AAMBZ)
K = 02655
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038

B 00047

B8 00001

038

02750
02751
02752
02753
02754
02755
027%6
02797
02728
02799
02760
02761
027062
02763
02764
02765
02766
02767
02768
02769
02770
02771
02772
02773
02774
02775
02176
02717
02778
02779
02780
02781
02782
02783
02784
02785
02786
02787
027838
02789
02790
02791

02792
02793
02794
02795
02796
02797
02798
02799
0800
02801
02802
02803
02804
02805
02806
02807
02808
02809
02810
02811
02812
02813
02814
02815
02616
02817
02818
02819
02820
02421
02822
02823
02824
02825
02826
uze27
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0003¢C
00031
00032
00032
00033
00033
00032
00008
90008
90009
00002

00000
021700

00024
00001
00026
00028
00031
€0033
00025
00032
00n?5
00005
00029
00005
00001
00002
00002

00030
00008
00012
00016
00020
00034
00021
00022
00023
00001
00002
00003
00004
00006
00007
00005
00008
00004
00032

00027
00005
00029

00000
021745

00001
00011
oootr2
00013
00016
00005
00006
00007
00008
00008
00008
00008
00015
00009
00008
00010
00004
00002

00014

K = C2655

00029 voo028 X=CCS(SGLAT) SIN(SG.CON—AAMBZ)/CLS(SMLAT)
90001 QocoO7 SIN(SMLAT?
0C031 0cClS SIN(SMLAT) COSI(DPLLL)
00032 oo0Cle6 SIN(SMLAT) COS(DPLCL)-SIN(SGtAT)
0C028 00017 COS(SMLAT) SINIDPLCL]
00032 00033 Y=(SIN(SMLAT) COS(DPLCL)-SIN{SGLAT))/(ABOV
J0030 X
9C003 00C32 SMLCN=ARC TAN (Y/X)
00007
00008
F 04) ~ RAMS DATA LCADER
03286 H-M-S TO RADIANS F.
R.A.M.5. DATA LOAD FUNCTICON {USES LOCA-
+0000000C+0Q0 TIONS 1 TC 39)
+100C000C+01 ENTER WITH {(2)=0 IF R.A.M,S.CATA IS ON
+80C00000+01 CAPDS OR (Z) NCY EQUAL O IF R.A.M.S.
+10000000+04 DATA IS CN TAPE. EXIT WITH THE R.A.M.S.
00001 00cCO03 DATA [TEMS STORED BEGINNING IN LOCA-
LAST DATA ITEM. (AN ITEM = 4 CATES AND
00026 00027 nQ027 THE CORRESPCUNDING R.A.M.S.DATA)

00028 Ca 06C202050602020506020.°1506020205 NNNNNNNNNANNNNNN

00026 00C30
0CNC4 00026
00004 C0026

00008 00033
00012 00033
00016 COC33
0002¢ 00033
00024 00006
00024 00010
0C€024 00Cl4
00024 00018
00004 00005
0C004 00C34
00004 00C09
00004 00021
00004 00022
0Cc004 QOC17?
00004 GOC13
00004 00023
00004 00031

00028 T1C 060202C5060202C50602€2050602C205 NNNNNNNNANARNNNNA

-e

F 042 -~ RAMS DATA SEARCH
R.A,M.S. DATA SEARCH FUNCTION (USES LOCA-

+2000000C+01 TIONS 1 TO 19)

+00000000+00 ENTER WITH (2)= THE FIRST WCRC NF THE
+10000000+03 TABLE TC BE SEARCHED AND (X)=YLEAR,
+99999995+08 (X+)1)=MCNTH, (X+2)=DAY INDICATING THE
00001 00004 DATE OF THE DESIRED ReAJMS.EXIT WITH
00002 00004 (X+3)=CCORRESPCADING R.A.M.S IN RADIANS.
00003 00CO4 IF THE DATE 1S NOT IN THE TABLE,(X43)=
00005 00013 99999999.

00008 00006
00008 00013
000cé oocc7

00001 00CO03
00009 00014 00014

00002 00CO03
00004 00010

W= C2745
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8 00032

8 00029

B 00030

B8 00027

8 00001

8 00015

8 00Cle

0139

02824
02829
02830
02831
02832
02833
02834
02635
02836
02837
02838

02839
Q2840
02841
02842
02843
02844
62845
02846
02847
02848
02849
028%0
02851
02852
02853
02854
02855
c28%6

02857
02858
0285¢
02860
0280l
02862
02863
02864
02865
02866
02867
02868
02869
02810
02871
02872
02873
028174
028175

028176
02871
02878

02879
02880
02881
02882
02883
02834
02885
02886
02887
02884
02883
02890
02691
02892
VY93
02894
02895
02896
V2897
02894
02899

02900
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00003
00009
00004
00002

mITO>»

00000
02800

»x x

90001
90002
90003
90004
90005
90006
90007
90008
90009
90010
90011
90012
90013
00013
00014
00016
c0017
00018
Gooot
00015
00019
00023
00005
00006
00007
00008
000¢C9
09010
00025
00020
00026
00027
00028
00029
00030
00021
00021
00031
0co32
00033
00035
0003¢
00034
00053
00053
00022
00037
00C38
00039
00040
00011
00041
00042
00043
00049
00045
C0046
00047
' 00043
00050
00051
00052
00012
00024
00024
00062

00061
00024
00063
00024
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K = (2745

00003 00011
00012 00015 00015
00004 00C16

L 2 ]

F 148 - REAL FIELD RT. ASCENSION AND DECLIN.

02201
02341
02361
02365
01501
00784
00783
00782
00746
00745
00780
00771
ocri0
oos3s8
00839
00837
00819
00846

+10000000+01
=10000000+01
+00000000+00
90306

90007

90008

90009

90010

90011

00007 00006
90005 00025
00007 00CO7
00006 00006
00026 00027
90002 00028
00019 00CO0S
00030 00029
90005 00021
90003 00021
90003 00CO08
90004 00021
90004 Q0008
20004 00020
00031 00032
00033 00035
00053 00036
00034 00053
00022 00022
00015 00037
90002 00038
00022 00039
90005 00C40
90003 00020
90004 00C11
00041 00042
0G033 00043
20003 00011
00032 00045
00031 00046
00035 00042
00047 00048
90001 00049
00010 00009
00052 C0051
00012

00023 00060 00061

00013 00063 00064
0C024 00017
K = 0280C

ARC TAN Y/X
SQUARE ROCT FUNCTION

SINE

COSINE
ARC TAN Y

FFRRR
FTHTA
FPHEE
SGLAY
SGLCN
GHAVE
FFDCL
FFRSN
-2 Pl
-4 P
PI

2 Pl
4 PI
F SLB

(F SuB R}

(F SUB THETA)

(F SUB PHI1)

(GEQC. LAT+ IN RADIANS)
(LONG. I RADIANS)

(DECLINATICN)
{RIGHT ASCENSION)

e vt bt () e et et i et R R

C (COMPUTES REAL FIELC R.A.+DECL.)

FFHEE/FTHTA

A=ARC

TAN (FPHEE/FTHTA)

FPHEE®#?
FTHTA®e2
FPHEE®a2+FTHTA®#2

SG.RT,

(FPHEE®##2+FTHTA®N2)

(--1) FFRRR
(=1) FFRRR/(2 ABOVE)

E=ARC

SIN(E}

TAN (ABOVE)

SIN(SGLAT)

COSI(E)

CCS(SGLAT)

CCS(A)

SINIE)SIN(SGLAT)
COS{EICOS(SGLAT)
CCS(E)ICOS{SGLATICCS(A)
X=SIN(E)SIN(SGLAT)+(ABOVE)

Xne2

l-Yee2
SQ.RT,

(1-Xn02)

X/SC.RT.(1-Xss2)
FFOCL=ARC TANIX/SC.RT.{1-Xe#s2})

SIntA)

COS(FFOCL)

SIN(A)/COS({FFDCL)
X=COS(E)sSIN(A)/CCS(FFDCL)
SIN{FFDCL}

SIN(SGLAT) SIN(FFCCL)
SIN(E)-SIN{SGLAT) SIN(FFDCL)
COS(SGLAT) COS(FFCCL)
Y2SINCE)-SIN(S”LAT) SIN(FFOL)/ABOVE
SPFSsARC TAN (x/Y)
GHAVE+SGLCN
FFRSN=GHAVE+SGLON+SPFS
FsFFRSN

DCES F = ZERO

F IS EQUAL TO Z2ERC

F IS LESS THAN ZERO
DOES F EQuUAL TC -2 P!
F IS EQUAL OR GREATER THAN -2 PI

FaFe2

B-40
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6 00061
8 00063
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02901
02902
02903
02904

02905
02906
02907
02908
02909
02910
02911
v2912
029i3
02914
02915
02916
02917
02918
02919
0¢920
02921
02922
02923
02924
02925
02926
02927
02928
02929
02930
02931
02932
02933
02934
02935
02936
0293?
02938
02939
02940
02941
02942
02943
02944
02945
02946
02947
02948
02949
02950
02951
02952
02953
02954
02955
02956
02957
02958
02959
02960
02961
02902
02963
02964
02965
02966
02967
02908
02969
02970
02971
02972
029713

02974
0297>
02976
02977
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00062

00064
00024
00062

00060
00024
00067
00024
00062

00065
00024
00066
00024
00062
90012
90013
00002

00000
02875

90001
90002
90003
90004
90005
90006
90007
90008
90009
90010
00005
00001
00006
00009
90001
00011
00020
00021
90008
00002

0010
00008
00007
00012
00012
00006
00015
90008
00006
90010

00000
02925

00005
00006
00001
00013
00011
00007
00011
00014
00008
00009
00010
00010
00010
00010
00010
00010
00001
00002

K

00024 00018

c280C

00017 00065 00062

00024 00017

00018 00066 00067

00024 00018

0001t
00024

F IS LESS THAN & PI
FaF+4 PI

DOES F EQUAL TC 2 PI
FaF-2 PI

F 1S GREATER THAN 2 PI
CDES F EQUAL TC & PI

F IS EQUAL OR GREATER THAN 4 PI
FxF-4 PI

COMPUTE GREENWICK HOUR ANGLE FUNCTION

00700
00701
00152
01701
00151
02746
0le8l
00780
03300
00038
00820

+99999999+08
+99999999+08

00006 00010 00010

00005 90002
00015 00020
90007 00021

90003 90001
90005
90004 00007
90006 90009
90001

00009 0001% OCO11

00009
00009

JULIAN DAYS

SECONDS

DAYS FROM JAN. 1 1O THE DAY QF REFERENCE
DATE FUNCTION

YEAR OF REFERENCE

Re.A.M.S. DATA SEARCH F,

ANGLE REDUCTION FUNCTION

6 HOUR ANGLE

FIRST LOC. OF R.A.M.S. DATA TABLE
ERROR EXIT

ROT. OF EARTH IN RAD/SEC

CCMPUTE GREENWICH HOUR ANGLE
INITIAL J.D.

ARE JoeDa = TO Q'S JoD.
(ROTATION OF EARTH)} (SECONDS)

GHAVE = R.A.M.S. ¢ (ABOVE)
ANGLE REDUCTION F.

JeDe ARE NOT = TO Q'S J.D.

DATE FUNCTION
ReAcMoS. DATA SEARCH F.o
STORE Q'S J.D. IN J.D.

ReAsM.S.FOR REC.J.D.NOT IN TABLE

F 018 - DEGREES/MIN/SEC TO RADIANS

00847
0082l

+10003000+01
+00000000+00
02001 00003
00007 oOC12

00002 00003
00003 00C03
000C9 00005
00010 00008
00010 00005
00010 00007
00010 00013
00010 00006
00004 00010

[

02925

HR/MIN
DEG/RAD
DEGREES-MINUTES-SECONDS TQ RADIANS

B-41
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8 00064

8 00060

8 00067

8 00065
8 00066

B 00062

8 00001

8 00011

8 00010

8 00001

8 00014

PAGE 041

02978

02979
02980
02981

02982
02983
02944
029485
02986

02987
02988
02989
02990
02991
02992
02993
02994

0299%

02996
02397
02998
02999
03000
03001
03002
03003
03004
03005
03006
03007
03008
0300°
03010
03011
03012
03013
03014
02015
¢ .Ql6
030417
03018

03019
03020
03021
03022
03023
03024
03025
02026
03027
03028

03029
03030
03031
03032
03033
03034
03035
03036
03037
0303y
03039
03040
03041
03042
03043
03044
03045
030406
03047
03048
03049
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K = (2925

00012

00013 -10000000+01
00007 0CO011 onCoO7

00014
00000 - - - R R N e . N T T R SR
02950
WRITE TITLE RECORD ON SATELLITE PCSITION ANC REAL FIELD DATA TAPE
90001 06200 FIRST LOC. OF RECCRD FROM CRBITAL TAPE
90002 00126 FIRST LOC. OF START YR,MO,DAY
90003 00730 FORM OF DATA ICENTIFICATICN
90004 0C137 YYMMDD START TIME
90005 00146 SEC. OF DATA
90006 00131 FIRST LOC. OF END YRyMO,DAY
90007 00136 INTERVAL BET. ITEMS (SEC.)
90008 0C139 YYMMDE END TIME
90009 0C149 SEC. OF DATA
90010 01618 RUN IDENT. DATA
90014 01801 DAY CT. FUNCTICN
90016 06203 DATE UsTo START TIME
90017 06204 DAY CT. OF YR, OF DATA
90018 06205 SEC.
90019 06206 DATE UeTe END TIME
90020 06207 DAY CT. OF YR, OF DATA
90021 06208 SEC.
90022 06210 RUN IDENT. DATA
90023 06209 INTERVAL BET. ITEMS (SEC.)
00001 WRITE TITLE RECORLC ON SPRF TAPE

00006 +1000000C+01
00008 +16000000+02
00009 +35C00C00+C3
00011 -10000000+¢01
00000 00011 TCB
90001 900C3

(CHANGES SCME WCRDS OF TITLE RECCRD
WHICH HAS BEEN LCADEC FRCOM QORPITAL
TAPE + WRITES IT QUT AS TC TITLE RECCRD

90016 9C0C4 DATE CF FIRST DATA ON TAPE
90017 90014 90002 CAY CT. OF YEAR

90018 90005 SEC. CF FIRST DATA

90019 9CoOCa CATE CF LAST DATA CN TAPE
90020 9C014 90CO6 DAY CT. OF YEAR

90021 900C9 SEC. CF LAST DATA

90023 90007 INTERVAL

00005 +00000000+00

00010 GET RUN ICENT. DATA

00007 9C010 CGCOS AND HCLD INTO

90022 00005 00007
60005 0C005 00006
00008 0C005 00010
90001 000CS TCB

TITLE RECORD 5TG.

00002
00000 = =~ =~ = = = = = = = = «+ = = = = ~ - - - =
02970
F 031 - SATELLITE 10 LCACER
00022 03286 H-M-S TO RADIANS
00023 02926 0-M-S TO RADIANS
00001 SATELLITE IDENTIFICATION LCAD FUNCTION

00024 +00000000+00
00025 +10C00C0C+01
00026 +10000000+04
00005 00025 CA €50202020202050302051414C4 0404 NNNNNNNKNNASS AAA
00011 00011 000.5
G0014 0COl4 00C26
00020 00022 €0CO9
00021 0C023 00012

(USES LOCATICNS 1 TC 34)

00001 00004 00005 SATELLITE NO.

00002 0C004 COCC6 YEAR ee DAYE CF

00003 00004 00N0O7 MCNTH JULIAN DAY 000
00004 00004 00008 DAY ..

00005 00004 00020 LAMBDA-0 IN RACIANS
00006 0C0C4 00C21 TAU-0 IN RADIANS

00011 00004 00C15 ALPHABET]C

00012 0COC4 00016 NAME

00013 00004 00017
00011 0CO11 CO0026
00014 0COl4 00C26

K = C297C
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8 00012

8 00001

B 000)0

8 00001

042

030%0

03051
33042
030513

0304
13095

03uH6
030.7
03054
03059
030060
030061
039062
03003
03004
03065
03066
030067
03068
03069
030170
0301/1
03072
03073
03074
030175
03076
03077
03078
030179
0308C
03081
G3082
030634
03Cy4
03085
03086
03087
03088
03009
03090
03041
03092
N3093
030v4
03095
03C96
03097
03094
03099

0310¢C
03101
03102
03103
0310«
03105
03106
03107
03108
03109
03110
03111
03112
cill
031146
03115
03116
03147
03118
03119
03120
o321l
03122
03123
03124

et A e
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000Cz

00000
03000

90001
90002
90003
90004
00012
00013
00014
c0001
00010
000l
00011
00005
00010
Q0015
co015
00010
00002

00Que
00022
00023
00024
ooo11
00006
00011
00010
00007
000:0
00015
00016
00025
00017
90001
00011
00002

00009
90004
T

00000

K

F Qu2
0Cc000
00196
03076
00195
+00000000+00
+10000000+01
+50000000+01

=500C000C+01
9C002 00014
00011 00014

0CO10 00C1l4
00013 CA

00012 00008
0C012 00006

00010 00015
0C010 0QC17
00010 00016
0CC10 Q0cCOS5

0colo
-50000000+01

0C010 00Cl4
0C022 00010
90001 00015
00010 00ClLé6
0C021 CoClo
006015 00017
00010 0CQ07

00012 06019

00013 PA

T REACOUT BELOW

00015
T
00000
00016
Y
00000
go018

00019
)
00000

0CG13 PA

0C013 PA
9C003 00C17

00013 PA

ocoL3 Tl

Y REACOUT BELOW

00015
]
00000
00016
T
00000
oools

00021
00015
00016
00017
00018
00009

00026
00015
00016
00017
00018
00009

0Ccol13 TI

0C013 TI
9C003 00017

ooul3d TI

00022
00023
0C024
0C025

0cC027
00028
00029
0co030

K

=

c291¢C

INTERVAL CORE DUKP

MAX.NC.OF DUMP REQUESTS
ICC PRINT FUNCTICN

QUTPUT OPTICN

080565

¢o019

AS CF EXECUTION OF 8
061515Cé

AS CF EXECUTICON OF B
061515Ce

c3gcc

B-43
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SSSN

SSSN
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00008
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00007

00009

00019

00021

00026
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03125

03126
03127
03128
03129
03130
03131
03132
03133
03134
03135
03136
03137
03118
03139
03140
Y314l
03142
03143
03144
03145

03146
03147
03148
03143
03150
03151
03152
03153
03154
03155
031%6
03157
03158
03159
03le0
031061
03162

03163
03164
03165
03168
Gile7
03lo8
03169
031179
03171
63172
03173
u3l74

03175
03176
03177
03178
03179
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00031
0001y
00016
00017
00018
00009

00036
00015
00016
00017
00018
00009

00041
00015
00016
00017
00018
00009

00046
06015
00016
00017
000138
00009

00051
00015
00016
00017
00018
00009

000%6
00015
00C16
00017
00018
00009

00061
00015
00016
00017
00018
00009

00066
00015
00016
00017
00018
00009

00000
03075

90001
906002
95003
90004
90008
90011
90012
90013
90014
90015
00CC?
00008
00009
00001
00003
00004
90001
90008
00010

K =

00032
00033
00034
00035

00037
00038
00039
00040

00042
00043
00044
00045

00047
00048
00049
0C050

00052
00053
00054
0Cc05S

00057
00058
00059
00060

00062
00063
00064
0C065

00067
00068
00089
00070

- - - -

F 063 -
03285
03284
03156
00195
00008
00001
00002
00003
00004
00005
+5000000C+01
+10000000+01
+00000000+00

60001 00003
00001 00C04
90008
90002
00003

03000

-

INTERVAL CORE DUMP PRINT

PRINT QUT MEMORY PROGRAM USES LOCAYICNS 1 7O 148

€3075

K OF CLTPLT SCALE +130
K OF CLTPLY SCALE +129
OUTPUT SCALE F.

OuTPUT OPTION
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03304
03305
03300
03307
03308
03389
03310
05311
03312
03313
03314
03315
03316
03317
033le
03319
03320
03321
03322
03323
23324
03,25
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LCC.8 OF INITIALIZE SUN TAPE REAC F.
CBSERVED CATE TC J.C.

YEAR CF REFEREMNCE

CAYS JAN.1-CAY CF REF.

T(P),TIME CF ITFM FOR WHICH TC INTERP.
T(O)»TIME CF 2ND ITEM IN INTERP.TABLE
hy INTERPCLATICN STEP SIZE

LCCATICN ZtRO

BAD RECORC INDICATOR

NC. OF READ ATTEMPTS

MINUS CNE (TO BACKSPACE)

TRANSFER POINT FCR BAD RECGCRD
C.U.T./DAY

INTERPCLATION FUNCTION

STORE T P FOR INTERPCLATICN
STURE T O FUR INTERPOLATION
STORE INTERPOLATICN STEP INTERVAL
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B8A0 RECORC CHECK
CCUNT +ONE
ENCUGH

SAVE CCNTENTS CF LOC. 90O
YREF

CAYS JAN. 1 - CREF

DATE OF SUN VECTOR TO J.D.
RESTORE LCC. 9C

T IN WLT
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8 00121
00135 00109
00135 00110
00135 00111
00135 00112
00139 00145
B 00146
00135 00012
00135 00144
+00000000+00
+100000CC+01
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+10000000+02
-20000006+01
+00000000+00
F 138 - EVERETTS INTERPOLATICN

00187 Hy, INTERPOLATICN STEP SIZE 1
00185 T(P),TIME OF ITEM FOR WHICH TO INTERP. I
00186 T(O) TYIME CF 2ND ITEM IN INTERP.TABLE I

EVERETT®'S INTERPCLATION FUNCTICA B 00001
+1000000C+01 ENTER WITH (Z)=F -1,(2+410)=F 0,(2+420)=F 1,
+60000000+01 (2+430)=F 2. EXIT WITH (X)=F P. 27 LOCS.
00001 00003 F -1, VALUE OF FUNCTICN AT T(O)- H
00011 00003 F O » VALLE OF FUNCTICN AT T(0)
00021 00003 F 1 » VALLE OF FUNCTION AT TiO)+ H
00031 ©o0cCOo3 F 2 4 VALLE OF FUNCTION AY T(0)+2H
00011 00011
00012 00C15
00015 00010 2ND CENTRAL DIFF.(F 0) = F 1 ~ 2F 0 ¢ F -}
0002 00012
00013 00016
00016 00C11 2ND CENTRAL DIFF.IF 1) = F 2 - 2F 1 ¢+ F O
90002 90003
00018 90001 P=(TP-T2O0)/H
00005 00C18 ¢C=1-7°
00019 00019
00020 00CO0S5
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00020 00006 A =Q (Que2 - 1) / &
00018 o00C18
00021 00005
0Cco18 00021
00021 00006 B =P (Pee2 - 1) /7 &
00019 o00C11 Q (F C)
000148 00012 P (F 1)
00020 00015 (A} (2ND CENTRAL DIFF.(F 0))
00021 00016 {B)(2ND CENTRAL CIFF.(F 1})
00022 00C23
00027 00025
00027 00026 F P = VALLE OF FUNCTION AT T(O) + PH =
00004 00027 (QY(F 0) + (P)(F 1) + (A)(2ND CIFF.(F 0))

+ (B)Y(2ND DIFF.(F 1)}

INITIAL'ZE SUN TAPE READ F,
00081 SUN TAPE IDENT, I
00816 SEC/C.leT.
00080 FACTOR TO ADD 7O U.T. TO GET E.T. 10
03703 LOGC. 1C3 CF SUN TAPE READ F.
03735 LCC. 135 CF SUN TAPE READ F.
03744 LCC. 144 CF SUN TAPE READ F.
03745 LOC. 145 CF SUN TAPE READ F.
00003 ERROR EXIT

INITIALIZE SUN TAPE READ FUNCTICN 8 00001
+000009%00+400 (READS 4 VECTCRS FROM SUN TAPE TC SET LP
+1000000C+01 INTERPOLATION VABLE,+ CHECKS IC.CN TAPE)
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: D 90503 90003 90002 U.T. CGRR. FACTOR TO C.U.T. 03714
- I %0007 +70000000+01 GC 1O SUN TAPE REAC F. ANC REAC 03719
" 1 93005 -3000000C+02 4 VECTORS FRCM TAPE, STORING 03720

,; « 90006 IN INTERPOLATICN TABLE 03721
g * B8 00008 PT. OF RETURN FROM SUN TAPE REAL F. B 00008 03122
: € 90004 90001 00CG9 00GCY DID SUN TAPE HAVE PROPER [D. G3723
B £ 00002 YES 03724
3 & 00009 NC 8 00009 03725
> T WRONG ID. CN SOLAR PERT. TAPE ON TF (NORMALLY B~4) 03726
s P 00000 0CO06 PA 03727
I E 90008 031728
¥ 031729
% 03730
g K 00000 - - = « « « = =« = = = = =4 - = - « - - - - - 03731
3 K 03850 03732
% WRITE TITLE RECORD CN GRBITAL TAPE FCRMAT- 3& 03733
z Q@ 90001 06200 FIRST LOC. OF RECCRD FROM ORBITAL TAPE 03734
% Q 90002 0012 FIRST LOC. OF START YR,MO,DAY I 03735

¢ 90007 00751 FCRM CF DATA ICENTIFICATICN I 03736
¥ Q 90004 00137 YYMMDD START TIME I 03737
1 Q 90005 0C146 SEC. OF DATA 1 03738
£ Q 90006 0013i FIRST LOC. OF END YR,MO,DAY 1 03739

B 2 SGCCT 0Cw4y DELTA T FCR ORB3 TAPE (OR 2ERGC) { 03740
% Q 90008 00139 YYMMDD END TIME 1 03741
4 G 90009 00149 SEC. OF DATA 1 03742

. § Q 90010 01618 RUN IDENT. DATA 1 03743

3 Q 90014 01801 DAY CT. FUNCTICN F 03744
£ Q 90015 06215 wW0.16 (FIRST wD. OF RUN IC.DATA) 0 03745
§ Q 90015 06203 DATE U.T. START TIME 0 03746
x Q 90017 06204 DAY CT. OF YR. OF DATA 0 03747
§ Q 90018 06205 SEC. 0 03748
5 Q 90019 06206 DATE “1.T. ENGC TIME 0 03749
1 Q 90020 06207 DAY CT. OF YR. OF DATA 0 03750
: G 90021 06208 SEC. 0 03751
% Q 90022 06210 RUN IDENT. DATA 0 03752
- Q 20023 06209 WD.10 CF GRB3 TITLE RECORC {(DELTA T) 0 03753
? QG 90024 06159 LOC.PRECEDING RECCRD FROM ORB1 TAPE 0 03754
£ G 90025 08210 wD.11 CF CRB3 TITLE RECORD 0 03755
Q 90026 06211 wC.12 CF CRB3 TITLE RECORC 0 03756
Q 90027 06212 wD.13 OF CRB3 TITLE RECORC ) 03757
G 30028 06213 wD.14 OF CRB3 TITLE RECORD g 03758
¢ 90029 00092 NC.OF DATA ITEMS IN ORB3 DATA RECORD 1 03759
Q 90030 00093 NC. OF WORDS PER CATA ITEW I C3760
G 90031 00094 WORUS/ITEM THAT ARE FUNCTICN OF TIME I 0370l
G 90032 00090 NC.OF WORDS IN ORB3 DATA RECURC 1 03762
Q 90033 00091 NC.OF DATA WORCS IN ORBX DATA RECGRD I 03763
Q4 90034 02821 FCRTRAN RECGRC FCRMAT FUNCTIGCN £ 03704
Q 90035 00613 YYMMDD OF EPOCH 1 03705
G 90036 00614 DAY COUNT OF EPOCH 1 03766
Q 90037 00609 SECONDS OF EPOCH ! 037617
G 90038 0062} SEMI-FAJOR AXIS (KM.) I 03708
@ 90039 00502 ECCENTRICITY 1 03769
Q 90040 0C622 INCLINATICN {DEG.) I 03770
Q 90041 00624 R.A.OF ASC.NODE (DEG.) I 03771
¢ 90042 0C619 R.A.OF ASC.NODE DCT (DEG/DAY) 1 03772
U 90043 00623 ARG.OF PERIGEE (DEG.) 1 03773
Q 90044 00618 ARG.OF PERIGEE DOT (DEG/DAY!} 1 03774
Q 90045 00620 PERIOD (MIN.) { 03715
G 90046 00617 PERIOC DOT (MIN/CAY) t 03776
Q 90047 06240 wD.41 COF CRB3 TITLE RECORD 0 03777
Q 90048 06241 wD.42 OF RECORC 0 03778
Q@ 90049 06242 w0.43 OF RECORD 0 03719
Q 90050 06243 wD.44 3F RECORD 0 03780
Q 90051 06244 WD.45 OF RECORD o} 03781
Q 90052 06245 wD.46 OF RECORC 0 05182
Q 90053 06246 wD.47 OF RECORD 0 03763
U 90054 06247 wU.48 OF RECORC 0 03784
Q 90055 06248 wD.49 OF RECORD o 03785
. Q 90056 06249 W0.50 OF RECORD 0 03786
Q 90057 06250 w0.51 CF RECORD 0 03787
U 90058 06251 w0.52 CF RECORD 0 03788
» B 00001 WRITE TITLE RECORD ON ORB3 TAPE 8 00001 03789
V 00006 +10000000+01 (CHANGES SOME WORDS OF TITLE RECORD LGADED 03790
V 00008 +11000000+02 FROM CRBL TAPE + WRITES QUT AS CRB3 TITLE) 03791
vV 00011 -1000000C+C! 03792
P 00000 0COll TCB 03793
K = (385C PAGE 051
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9000)
90016
90017
20018
90019
90020
90023
90025
90021
90026
90027
90028
00005
00010
00007
90C15
00005
00008
90047
90048
90049
90050
90051
90052
90053
90054
90055
90056
90057
90058
90024
90024
00002

00000
03875

90001
90002
90003
90004
90005
90006
90007
90008
90009
20010
90011
90012
90013
00001
00005
00006
00007
00008
90005
00012
90002
90005
90011
00013

00011
00010
00014
90002
90005
00010
90005
90002
90003
aNnne
00013
90001
90001
90002
90001
90001

K = (C385C

90003

90004 DATE CF FIRST CATA ON TAP:

90014 90002 DAY CT. OF YEAR

90005 SEC. CF FIRST DATA

90008 DATE CF LAST DATA ON TAPE

90014 90006 NAY CT. OF YEAR

90007 INTERVAL

90029 STORE DATA ITEMS/RECORD IN WD.11

90009 SEC. OF LAST DAT2

900130 STORE WORCS/DATA ITEM IN wD.12

90031 STORE WDS/ITEM THAT ARE F(T)} IN wWD.13
90032 STORE WORDS/RECORC IN wWD.14

+0000n000+00

GET RUN ICENT. DATA

90010 00005 AND HOLD INTO

00005 00007 TITLE RECORD STG.

00005 00006

00005 00010

90035 STORE EPOCH YYMMDC IN WD.41

90036 STORE DAY CY.CF EOOCH IN WD.42

90037 STORE SEC.OF EPOCH IN WD.43

90038 STOPE A IN WD.44

90039 STORE E IN WD.4S

90040 STORE I IN kDB.46

90041 STORE R.A.OF ALDE IN wD.47

90042 STORE R.A.0F NCDE DOT IN wD.48

90043 STORE ARG.Cr PERIGEE IN WC.49

90044 STORE ARG.OF PERIGEE DOT IN WD.50

90045 STORE PERIOD IN wC.S51

90046 STORE PERICD OCT IN wWD.52

90034 90033 FORMAT DATA FCR FCRTRAN RECORC

90032 TCB
WRITE END RECORDS CN ORBITAL TAPE FORMAT- 3A

05600 FIRST LOC. OF DATA RECOURD STG. 0
05601 WORD 1| OF DATA RECORD 0
05602 WORD 2 o]
05603 wORC 3 0
00925 RECORD STORAGE CNTR. 10
00748 PER CENT CF ORBIT IN SUN CR 999 I
00749 YEAR CF LAST DATA [ITEM SYCRED IN RECORC 1
00937 TYPE CF DATA IND.FOR SPFCIAL DATA [TEM I
00090 NO.CF WORTS IN ORB3 DATA RECORC 1
00091 NO.CF DATA WORCS IN ORB3 DATA RECCRD 1
00093 NO.CF WORLCS PER CATA ITEM I
00095 {wORDS/ITEMI(ITEMS/RECORD ~1) I
03821 FORTRAN RECORD FORMAT FUNCTION F
WRITE £ND RECORDS CN CRB3 BINARY TAPE

+00000000+00 (STORES AND WRITES SENTINEL ITEM RECCRC O
+10000000+01 CRB3 TAPE, FOLLCWED BY 2 SENTINEL RECCORDS
-10000000+01 CONTAINING 9°'S N WORD 1, THEN WRITES EOF
+99999999+08 ON AND REWINDS TAPE. USES 14 LCCS.)
00005 00011 00011 DID LAST CATA FILL A RECORD

YES. STGRE A RECCRD HAVING 9°'S
$0005 v0Co8 IN EACH WORD CF ITS 1ST ITEM
90005 00006
90005 00012

LAST DATA DID MOT FILL A RECORD
90005 90011

STORE AN [TEM CF §°'S

300GS CC0O08 AFTER THE LAST VALID DATA ITEM
9000% Q0006
90005 00Ci4
9Co12 SET CNTR. TO STORE SPECIAL ITeM
90005 90008 STORE TYPE IND.AS WD.l CF SP.ITEM
9000% 90007 WD.2=YEAR CF LAST VALID DATA JTEM
90004 90008 WC.3=PER CENT CI CRBIT IN SUN CR 999
90013 90010 FORMAT DATA FCR FCRTRAN RECORD
90009 1CB WRITE SENTINEL ITEM RECORD
00008
9C013 90010
90009 T1C8B WRITE 2 SENTINEL RECORODS

K = 03875
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PAGE

052

8 00010

8 00001

B 00012

8 00011

B 00014

8 00013

052

03794
03795
03796
03797
03798
03799
03800
03801
03802
03803
03804
03805
03806
03807
03808
03809
03817
03811
03812
03813
03814
03815
03816
03817
038ls
03819
03820
03821
03822
03823
03824
03825
03826

03827

03828
03829
03830
03831
03832
0383
03834
03835
03836
03837
03838
03839
03840
03841
03842
03843
03844
03845
03846
03847
03848
03849
03850
03851
03852
03853
03854

03855
03856
038%7
03858
03859
03860
03861
03862
03803
¢3864
03865
03866
03867
038068
03869
038/0
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90001 90009 TC8
00009 00007 0©0CQ7
00000 0CO09 TCB
00000 00007 TCB

00002

00000
03900

= (3875

EACH HAVING 9°'S [N WORD 1

EQF
AND REWIND ORR3 1APE

COMPUTE AND STORE ORPB3 SPECIAL PCINT DATA ITEM

90001
90002
90003
90004
90005
90006
90007
90008
90009
90010
90011
90012
90013
90014
90015
90016
90017
90018
90019
90020
90021
90022
90023
90024
90025
90026
90027
90028
90029
90030
90031
90032
90033
90034
90035
90036
90037
90038
90039
90040
90041
00001
00610
00011
00012
00013
00014
00015
00016
00017
90010
90011
90018
9001S
90020
90021
90022
90023
ooo18
90024
90012
90025
00000
90031
90026
00005
90032
90027
00006

00225
00226
00229
00230
00231
00232
0023}
00234
00235
00700
00701
00275
00276
00277
00720
00745
00746
00735
00736
00737
00738
00739
00740
00742
001752
00765
0C766
00770
00771
00080
00797
00799
00822
00859
o082t
03601
01191
02771
02876
02801
03931

90010
90011
90012
90013
90014
90015
90016
90017
90001
90002
9C004
90005
90GCe6
90007
90008
90009
90003
90036
900317
90017
90038
90026
90031

90027
90032

90C33
90033
90033
90034
Q0034
90034
90030
ooo1l8
90003
90035
0CCCOo
00005

00006

X

= €390C

J.0. T 0, TIME CF
SECCNDS SPECIAL PCINT

T 0 (CaleTe)

X SAT.POS.VECTCR AT

Y T O INC.UaL.

z

X nOv SAT.VEL.VECTCR AT

Y 0O7 T 0 IN CuL/CuT

z DOT

JoUo. TIME+ DATA FCR (RB3
SECCNOS RECORG (INITIALLY
LONG. (DEG) Tl1,TYIME OF REG.DATA
GEOCETIC LAT.(CEG) FULL.SP.PT,.,+ DATA)
HT. {(KM)

RADIAL DIST. (C.L.L.)

LONG. (RAD)

GEOCENTRIC LAT. (RAD)

X SAT.POS.VECTCR AT

Y T 0 IN KM

4

X DOT SAT.VEL.VECTCR AT

Y OCY T 0 IN KM/SEC

L DCY

SOLAR POS.VELTCR AT T 0 {A.U.)
GEOCENTRIC LAT.AT T O (DEG)
LAT T O (C.Uals)
B AT T O (GAUSS)
REAL FIELD RT.AS.AT T O (DEG)
REAL FIELD DECL. AT T O (DEG)

FACTOR TO ADD TO LeV.TO GET E.T. (CUL)

MAX.L ALLCWED (C.Uol)
MAX.B ALLCWED {GAUSS)
KP/C'U.L.
{KM/CoUsle ) (CalaTL/SEC)

DEG/RAC

SUN TAPE READ F.
SUB-SATELLIVE PT.+ HT.

BILM

GREENWICH HOUR ANGLE F.

F SuB C

STORE, WRITE CRB3 DATA RECCRD

CCMPUTE AND STCRE ORB3 SPECIAL POINT CAT

SAVE T 1 AND CATA AT THIS TIME,
AS DAYA AT T C MLST GO IN LOCS.
FOR STG. IN CRB3 DATA RECORD

STORE J.D.
AND SEC. CF T O FGLR CRB3 RECCRC
PCS. VECTCR AT T 0 TO KM FCR ORE3

VEL.VECTOR AT T C TO KM/SEC FCR ORB3

CONVERT Ul.T. TC E.T.

COMPUTE SCLAR POSITIUN VECTOR AT T O
COMPUTE LCNGe yLAY . {GECL «+GEDOD.),hT.
GEOC.LAT. VO CEG. (FCR RILM)

ENTER BILM TO CCMPUTE L AND B

DCES L EXCEED rax.

YES. SET L = MAX,

DCES 8 EXCEED MAX.
YES. SET B = MAX.

B-53

PAGE

PAGE

093

8 G000l

8 00005

8 00006

053

038
03gr2
03873
03874
03875

03ar6

U3877
03818
0381719
038u0
038o1
G3842
03843
03884
03845
c3gu6
038u¢
03888
038¢9
03890
03891
03892
03893
03894
03895
03896
03897
03898
03899
03900
03901
0390¢
03903
13904
03905
03906
03907
03908
03909
03910
03911
043912
04913
03914
03915
03916
03917
0391¢
03919
03920
03921
03922
03923
03924
03925
03926
02927
03928
03929
03930
03931
03932
EERE!
03934
03935
03936
03937
03938
03939
03940
03941
03942
03943
03944
03945
03946
039417
N34k
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00000
00000
90028
90029
00000
90019
90011
90012
90013
90014
90015
90016
90017
00002

00000
03930

90001
90002
90003
90004
90005
90006
90007
90008
90009
90010
90011
90012
90013
90014
90015
90016
90017
90018
90019
90020
90021
90022
90023
90024
90025
90026
90027
90028
90029
90030
90031
90032
90033
90034
9003%
90036
90037
90038
90039
90040
90041
90042
90043
900464
Q0045
90046
90047
90048
20049
90050
90051
90052
90053
90054
90055
90056
0ao01
00005
00006
00007

K = €390C

90039 00CGCO
90040 00000
90028 90035
90029 90035
90041 00C00
00010
0goll
00012
00013
00014
00015
00016
00017

00700
00701
00735
00736
00737
0C738
00739
00740
002715
0c2176
00277
01742
00743
00764
00765
00766
00770
oc1mn
00734
00733
00748
00749
00937
00089
00090
00091
00093
00095
00924
00151
00152
05600
05601
05602
05603
05604
05605
05604
05647
05608
15609
05610
05611
05612
05613
05614
05615
05616
05617
05618
05619
05620
05621
01731
01801
03821

+00000000+00
+100C0000+03
90030

K = (C393C

CCM?UTE GREENWICH HOUR ANGLE

COM?UTE REAL FIELC RT.AS.AND DECL.
RT7.:5. TO DCGREES
TO DEGPEES

DECL.

STORE SPECIAL POINT DATA IN ORB3 RECORD

PLT T

AS NEXT REGULAR

JeDeo
SECCN
X

Y

4

x DCT
Y 0CT
Z parv
LCNGI

1 AND DATA AT THIS TIME BACK
INTO LOCS.FGR STG.IN ORB3 DATA RECORD

Cs

TLDE

STORE AND WRITE DATA RECCRD CN ORBITAL TAPE FORMAT-~

GECCETIC LATITLOE
HT.ABGVE SPHERCIC

X
Y
z

MCILLWAIN L PARAMETER
ByMAG.FIELD STRENGTH
REAL FIELC RT.

AS.

REAL FIELC DECL.

PASS

NUMBER

SATELLITE DATA [IIEM

3a
TIME CF CATA

SAT.POS.VECTOR
IN KM.

SAT.VEL.VECTOR
IN KM/SEC

(CEGREES)
(DEGREES)

(KM)

SCLAR PCS.
VECTOR IN A.U.

{C.u.le)
(GAUSS)
(CEGREES)
{CEGREES)

TYPE OF DATA ITEM INDICATGR

PER CENT CF ORBIT IN SUN CR 999

YEAR OF LAST DATA [TtM STORED IN RECORD
TYPE OF DATA IND.FOR SPECIAL DATA [TEM
999, SUN PER CT.IF NO ASC.NODE IN RECORC
NC.CF wORCS IN CRB3 DATA RECORL

NC.CF CAVA WORCS IN OR83 NATA RECURD
NC.CF WORDS PER DATA [TEM
(WORDS/ITEM) (1 TEFMS/RECORD -1)

RECCRC STCRAGE CNTR.

YEAR
DAYS
FIRST
wCRC
WORD
WURD
wWORD
®CRL
WORL
WORD
wORrRD
WCRC
WCRC
WORD
wORD
wWORC
WIRL
WCRD
WORD
WCRC
wORO
WORD
wWGRD
wORC
DATE

OF REF.

JAN. 1- DAY CF REF.

LOC. OF CATA RECORD 57G.

1 CF CATA RECORD

21
FUNCTION

DAY COUNT FUNCTIGN

FCRTRAN RECGRD

FCRMAT F.

(TYPE INC.)
(DATE)

(DAY CT.)
{SEC.CF DAY)
(x)

(ty)

(2)

(x 0om)

(y DOT)

(2 oov)
{LCNG. )
(GEODFTIC LAT.)
(KT,)

(SXx)

tsy)

{s2)

(L)

{8)

(REAL F.R1,.AS.)
(REAL F.DECL.)
{PASS NC.)

STORE AND wRITE CRB3 DATA KECCRC
{STORES CRB3 CATA ITEM.IF IT FILLS RECORD

CRB3 DATA RECCRD IS WRITTEN CN TC.

YREF

B-54

(=N =]

1
1
1
1
I
1
I
1
I
1
I
1
I
I
I
1
I
I
I
I
I
1
I
I
I
I
1
[
1
I
I

C

0
0
¢
0
0
0
0
0
0
0
[0
0
0
[0}
8]
0
0
0
[0
0
0
F
[3
F

14 LOC

PAGE

PAGE

054

8 00001

054

03949
03990
J3951
03952
03953
03954
03955
03956
03957
03958
03959
03960
03961
03562

03963

03964
03965
03966
03967
03968
03969
03970
03971
03972
03973
03974
03975
0397¢
Q977
03978
03919
03980
03981
03942
039383
03984
03985
03986
03947
03988
03989
03990
03991
039732
03993
0399«
03995%
03998
03997
03998
03999
04000
04001
04002
04C03
04004
04005
04006
04007
04008
04009
04010
04011
04012
04013
04014
04015
04nl6
04017
N4018
04019
04020
04021
04022
04023
04024
04025
04046
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K = C393C

00008 90031 90CO1L DAYS JAN.1-DATE
00009 90054 00007 JeDo TO YR,MO,TAY
90022 0C009 STORE CUT YEAR OF DATA

00012 92055 00CO09
00013 00009 00006
00013 00013 00ClO
00013 00013 00006
00013 0CO13 0CC11 YYMMDD

90033 90029 90020 STORE NEXT DATA [TEM

90034 9C029 0CO13 IN RECORD

90035 90029 00012

90036 90029 90002

90037 90029 900C3

. 038 90029 90004

90039 90029 90005

90040 9C029 90006

90041 90029 90007

96042 90029 90008

90043 90029 90009

90044 90025 SGa10

90045 90029 90011

90046 90029 90Ci2

90047 90029 90C13

90048 90029 90C14

90049 90029 90015

906050 90029 90016

90051 90029 %0017

90052 90029 90018

90053 90029 90019

90029 90029 90027 STORAGE CNTR.+ WORDS/ITEM

90028 90029 €0CO2 ARE ALL ITEMS STCRED (EXCEPT SPECIAL ITEM)
90033 90029 90023 YES. STORE TYPE IND.AS WC.1 OF SP.ITEM
90034 90029 90022 wD.2=YEAR OF LAST DATA ITEM STOREUL

90035 90029 90021 WU.3=PER CENT C(F CRBIT IN SUN CR 999

90032 90056 90026 FCRMAT DATA FOR FCRTRAN RECORD

DAY CCUNT OF YEAR

90032 9C025 TCB WRTTE DATA RECCRC
90021 90024 SEY PER CENT OF CRBIT IN SUN=999
90029 00005 RECORD STORAGE CNTR.=0
00002
00000 - - - I e T R T T
04000
{AREA RESERVED FOR SWITCH TAPE ASSIGNMENT
FUNCTION OR EQUIVALENT, IF NEEDED)
00001
00002
00000 - - - - = = = = e s = s s s s - .- - - -
05960
INITIALIZE PROGRAM P FCR CRBITAL TAPE FORNMAT-1
90001 06200 FIRST CF 350 LCCS.INTO WHICH TO LOAD RECOR
90002 06201 SECCNC WORD OF LCACED RECCRD (SAT. NO.)
90003 06203 FCURTH wORD OF RECCRC (START YYMMLD)
90006 06205 SIXTH WORC OF RECCRD (START SECCNLS!
90005 06206 SEVENTH WCRD OF RECORC (END YYMMCD)
90006 06208 NINTH wORD OF RECCRD (ENC SECVUNCS)
90007 06209 TENTH WORC OF RECCRC (INTERVAL BET.ITEMS)
90008 06226 27TH WORD OF RECCRD (YYMMCD OF REFERENCE)
90009 00180 SATELLITE IDENT. NO. FROM RECORC o]
90010 00181 YYMMDD OF REFERENCE FROM RECCORP ]
90011 00176 TIME (CUT) OF 3RC CATA ITEM ON TAPE 0
90012 00177 TIME(CUT) OF 3RD FROM LAST ITEP CN TAPE O
90013 06080 LCCATICN 80 OF PRCGRAM P FUNCTICN 0
90014 06020 LCCATICN 20 OF PRCGRAM P FUNCTICA 0
90015 06108 LCCATICN 108 CF PROGRAM P FUNCTICA Q
90016 06106 LCCATICN 106 CF FROGRAM P FUNCTICN 0
90017 01401 REDUCED J.D.~SEC. TO Cul (MODIFIEC) F
90018 Ole21 PACKED DATE (YYMMDD) TO JoD. F
90019 00087 INTERVAL BETWEEN ITEMS CN TAPE (CUT) 0
90020 0CL83 TAPE CHECKX INDICATCOR I
90021 00084 NO. OF TIMES TC TRY 10 READ RECCRD I
80022 00063 -1 (USED TO BACKSPACE A RECORD) l
90023 00009 EXIT IF UNABLE TC READ RECORD
90024 0C000 LOCATICN ZERO
00014 00816 SECONOS/CoULT. 1
K = (C596C
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055

8 00001

055

04027
04028
04029
04030
04031
04032
04033
04034
04035
u40136
06037
04038
04039
04040
04041
04042
04043
04044
04045
C4046
04047
04048
04049
04050
04051
064052
04053
04054
04055
04056
04057
04058
04099
04060
4061
04062
04063
04064
04065

04066

04067
04068
04069
04070
04071
04072

04073

04074
040175
04076
04CT77
04078
040179
04080
04081
04082
040483
04064
04085
04086
04087
04088
04089
04090
04091
04092
04093
04094
04095
04096
04097
0409%
04099
04100
04101
04102
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00001
00005
00006
00007
00008
00009
00000
00015
00016

2000

90024
00015
00015
00000
00016

00017
50001
90009
90010
00011
00013
00012
90011
00011
00012
90012
90019
90013
90014
90015
00001
00002

00010
00001
00002

00000
06000

90001
90002
90003
90004
1005
90006
90007
90008
90009
90010
90011
90012
9001*
90014
90015
90016
90017
90018
90020
90021
90022
90023
90024
00015
00016

00001
00005
00006
00007
00008
00009
00010
00011
00013
00014
ooo0l2
00090

+00000000+00
-10000000+01
+10000000+01
+35000000+03
ORB1

00006 TEB
00005

00008 TED
90020 00017
00015 0C007
90021 90c23
90022 TEB

00009 00010

90002

90008

90018 90003

90007 Q0007

00013 90004

90017 00011

90018 90C05

90006 00C13

90017 C0011

90007 00014

+99999999+08
+99999999+08
90018

00004 00005

00004 cO0CO7

F 146
06200
06201
06202
06203
06205
06206
06207
06208
06209
06210
00176
0C177
01401
01421
06141
00628
00190
0c191
00083
00084
06063
00009
06000
0Q0822
00859

+0000000C+00
+10000000+01
+6000C000 0]
+70000000+0C1
+10000000+02
+4900C000+02
+50000000+02
+35000000+03
+99999999+08
-20000000+01
00001 00003

K

=  0596C

INITIALIZE PRUGRAM P FOR CRAITAL TAPE-)
RENINDS JRBI AL TAPE,LJADS TITLE RECORD,
CHECKS FIRST WORD. IF 1T=0RB1l, COMPUTES +
STORES JUTPUT QUANTITIES,AND EXITS WITH
(X}=C.1F FIRST WCRD IS NCT=0RBL,EXITS wWIT
{X)=1.,USES 17 LOCS.,+ 350 LOCS.FOR RECORC

REWIND TAPE

LOAD TITLE RECCRO
DID TAPE CHECK OCLUR
YES. ACOD TO NC. CF READ ATTEMPTS
HAVE ENOUGH ATTEMPTS BEEN MADE
NC. BACKSPACE AND

TRY AGAIN TO READ RECORD

00017

RECORL HAS BEEN READ SUCCESSFULLY

IS FIRST wWORD CF RECORD = ORBI1

SAT. [I0. NC. FROM RECORD

YYMMOCC OF REFERENCE FROM RECIRC

JeDe CF FIRSY CATA ON TAPE

2 (DELTA T)

SEC. OF THIRD DA/A ITEM ON TAPE

TIME CF THIRD LATA JTEM [N CUT

JoD. GF LAST UATA ON TAPE

SEC. CF THIRD FROM LAST DATA [TEM UN TAPE
TIME CF THIRD FRCM LAST [TEM [N CUT
OELTA T (INTERVAL BETWEIN DATA ITEMS)
SET 'PREVIOUS GLOOC TIME®* [N PRCS,. P
SET *TIME OF FIRST ITEM IN 57G.* IN PRCG.P
SET PRCG.P [N IMITiAL FORwARD SEARCH MCCE
STORE C Im 1

600C Xt

0000

IN C

FI1237 wORD OF RELCRD IS NCV ORB!
SIQORE 1 IN X
LRPOR EXIT

— PROGRAM ¥ ' {R ORBITAL TAPE FCRMAT 1
+° ST Or 350 LCCS.INTGC WHICH TC LGA™ wi. .
D WGRD OF LCADED RECCRD (CAY CT.:
i=1RG WIRD OF RECCRO ‘SECCONDS CF FiWs5y .7
FOORTH WORD QF RECORD (INTERVAL BET.V: © )

SixiH ®WORD CF RECCRD (X IN X¢)

SEVUNTH WORD OF RECORD (Y [N Kp)

€.unT+ WORD OF RECORD (Z IN k¥)

NitiA4 WOPT OF RECCRD (X DOT ¥y ¢ L}
TENTH ~0ORE (F RECCRD {y D4 .« +5LC)
ELEYENTY ®ORD CF RCCORD (1 L7 .n * '3EC)
TIMC (CUiy OF 2RT OATA iTcM Ea 1
Time(CUY} OF vy FRD™ (AT 4 TAPE 1
REDUCED J.D.-SEC.TC (LY (MOD-FiT.l} F
PACKED DATE (YYawlD) Yy 4.O. F
BACKWARD CIFFERENCE INTERPCL AT I(N F
ERRCR INDICATOR 0
T(N),TIME CF ITEM FOR WHICH Y [NTERP. O
T(O)TIME OF 6TH ITEM IN [MVERP.TABLE 0
TAPE CHECK INCICATCR 1
NC. OF TIMES TC TRY TO READ RECCRC t
=1 (USELD VO BACKSPACE A RECORC) i
EXIT !F UNABLE TC READ RECORL

LOCAT'CN 2ERO

KM/Coleole I
(KM/Coleb e ) (CaloTo/SEC! i

PROGRAM P FOR CRBITVAL TAPE FORMAT-]
ENTER WITH (2)=sYTIME IN CUT AT wWrICH CUTPUY
IS DESIRED.IF TIVFE FOUND,EXIT wiITH PUSITI
VECTOR (CUL) IN XyX41,X+2, WITK VELOCITY
VECTCR (CUL/CLY) IN X43,X+6,X+5 AND WiTh
(9C016)=0.1F TIME IS EARLIER THAN 3RC TIM
CN TAPE,EXIT wlTh 99999999 IN X...X+5 AND
(90016)=~L. [F TIME IS LATER TFAN 3RC FRO
LAST TIME ON TAPELEXIT WITH 9°'S IN X...X¢
AND (90016)=1.USES 136 LCCy+ 350 FOR RtCO
USE FOR TAPt BACKSPACE (NEW COMPILER ONLY)
GET REQUEST TIME

s C600CC

B-56

PAGE

PAGE

054

B 00001

8 00016

8 00017

8 00010

8 00001
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04103
34104
064109
04106
04lo?
04108
04109
04110
04111
04112
04113
04114
04115
04116
04117

04118
gall9
04120
04121
04122
04123
04124
04125
04126
04127
04124
G4l129
04130
04131
04132
04133
04134

041138
04136
0&l37

04138
041139
064140
04141
04142
04143
04144
04145
04146
04147
04148
041469
u4l150
04151
04152
04153
Celsa
04155
04156
064157
04158
04159
04160
O4l6l
G4162
gele3
N4l66
04165
04166
04187
04168
Gel o9
0atic
04171
06t 72
Vel 3
Ual /4
04l 7S
06176
04177
oal78
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[-B-2 Nak-J

J0090
00116

00105
900L1
00090
00108

00106
00130
00131
90001
90024
00130
00130
00000
00131

00132
00091
00092
00093
00092
00092
00094
00090
ooi27

00113
00090
oo127
00108
00020
00096
00097
co109
00095
ocol21
00110
00096
00092
v0092
00093
00020
00094
40100
00021
00100
00022
00100
000213
00100
00024
00100
000.5
00100
00026
00095
00097
00058
00099
uolz2l

oo1ill
00096
00097
00109

00112
00095
n009é6
00097
00123
00110

o007
00020
r0080
0008l
oooa2

K = 04C0C

00080 00105 0O1C5

0009C 001.4
90012 COl26

00005

00013 TEB

90020 00132 00132
00130 00006

90021 90C23

90022 TEB

90014 90CO1
9C003

90013 00091
90004 00C10
00092 90C03
90013 00091
00093 00113

00094 00112

oc107

00014 20111 60111
~10000000+02
0coo7

00005
ao0107

0C096 0€0CO09
00095 90004
00092 90003
90013 00091
00096 00C93
00095 000¢"°
90005 00094
00096 00100
90006 00094
00096 00100
90007 J0C94
00096 00100
90008 00C94
00096 Q0100
900C9 00094
00796 00107
90010 00094
00096 00100
00095 00606
000695 00110
0000%

o008

+20000000+02
+30000000+01

447000000402
-10000000+02
0coll
00106

00040 00114 00120
00040

00041 00C1S

00042 00C1S

X = (Cs0CC

PAGE 057

IS 1T = PREVIOLS GOOOD TIME
YES. HOLD CuT PREVIOUS GOCD VECTIGR

B 00104
IS REC. TIME=COR LATER THAN THIRC TIME CN T
IS IT=0R BEFORE THIRD FROM LAST TIME
YES. TIME IS COM TAFE. GO TC BOC1G6 OR ROO1

CONTINUE IN INITIAL FORWARD SEARCK MOCE 8 20106

L. 00131
LOAD A RECORD FRCM TAPE
DID TAPE CHECK OCCUR
YES. AOD TG NC. CF READ ATTEMPT>
HAVE ENOUGH ATTEMPTS BUEN MADE
NO. BACFKFSPACE AND
TRY AGAIN TO READ RECQRO

RECORD HAS BEE REAL SUCCESSFULLLY 8 0N132
Jade OF FIRST DATA IN RECLRD

SECCNCS OF FIRST CATA

TIME CF FIRST CATA IN C.U.T.

SECCONDS COF LAST DATA IN RECOURC
TIME OF LAST DATA IN C.U.T.

IS REC. TIME=OR BEFORE FIRST TIMt
YES. CCNSIDER IT IN THIS RECORC

REQ. TIME IS LATER T™aN FIRST TIME 8 00113
IS REC.TIME=OR BEFORE LAST TIME CF RECCRD
YES. REQ. TIME IS IN THIS ECORC 8 00127
LEAVE INITIAL FCRWARD SEARCH MOCE
IS THIS FIRST RECCRD ON TAPE
YES. SET TC GEY INTO STG. THE FIRST 6
VECTCRS FROM RECCRLy AND THEIR TIMES
B8 001G9

A Q0110

{CNTR. OF VECTCRS MOVED) 1

GO TO 800106 QR BOO1O?

THIS IS NGT FISST RECQRO CN TAPE 8 00111
SEYT TC STCRE FIRST 3 VECTCRS FRCM

RECCRD ¢ THEIR TIMES AS 4-TH,

5-TH, ANC 6-TF ITEMS IN STG.

REQ. TIME 1S NCT IN THIS RECORC 8 00112
SET TO STCRE LAST 3 VECTCORS FRO¥

RECCRC ANC THEIR TIMES AS 1-8T,

2-NDy AUC 3A-RC ITZMS [N STG.,

ANC THEN LOAD ANCTHER RECORD

SIX TIMES AND VvECTCRS ARE IN S1G. 8 00107
REQ. VIME= THIRD TIME IN STG.
CCNVERT THIRD POSITION VECTOR

IN S1G. TC C.vL.to

PAGE  0%7
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04179
04180

04161
0w 182
04143
04184

N418%
O4lbo
04187
04186+
04189
06170
041171
04172
0419}

04194
Val99
04196
04197
04,958
04199
04200
04201
04207

04203
04204
C%2U5
04206
04207
04208
04209
04210
04211
04212
04213
04214
0421%
04216
04217
04218
04219
04220
0421
04222
04223
04224
04225
04226
Ue227
04244
04229
04230
04231
04232
04233
04234
04235
04236

04237
FLYEL]
04239
04240

04241
04242
04241
04244
04245
04246

042417
04248
04244
042%0
04231
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moOowvoe
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00083
00084
00085
00086
00lls

00114
00090
00080
00081
0008«
00083
00084
00085
00086
00l16

00117
00C95
ooull
00130
00133
90001
9Cc024
00130
00130
00000
00133

00134
00091
00095
oo118
00096
00119
00096
0010C
00060
00100
00061
00100
00062
Qo100
00063
00100
00064
00100
00065
00100
00066
00005
00094
00071
00072
00073
00074
00075
0007¢
00092
00092
00070
00098
00099
00095
00107

00120
00095
00005
00129

00128
90001
00130
00135
90001
90024
00130
00130
00000

00043
00044
00045
00046

wuo50
0C0S1
00051
00052
00053
00054
00055
000%6

00095
00095
00005

00013
90020
00130
90021
90022

90014
00095

-50000000+02

0C096
"oo70
00096
00071
00096
00072
00095
00073
00096
00074
0C096
00075
00096
00076
0C09Sé6
00096
00095
" 3005
90006
90007
90008
9:.009
9colo0
90004
00092
90013
00005
00008
0009%

00095
00095

00012
00005

00013
90020
00) 40
90021
90022

K

00C1»
00016
00016
00016

€6CCC

00117 00115

00015
00015
00Cl1s
00Q16
g0C1é
00016

0nces
oolis

TES
0013¢%
00006
90023
TEB

90001
00011

130009
00096
00100
00096
00160
00096
00100
00C96
00100
00096
00100
00096
00100
00C96
00100
00119
gooc?
00094
00094
00094
00094
00094
00C94
00C95
90003
00091

0000

00099
00128

TEB

TEB
Q0136
00C06
90023
TEB

K

00134

00136

cé0CC

CCNYERT THIRD VELCCITY VECTOR
IN STG. TU C.leLo/CaULT.

HOLD OLT AS VECTCRS AT REC. VIME
REQ. TIME EXCEEDS THIRD TiME IN STG.
REQ. TIME=FCURTK TIME IN STG.
CCNVERT FCURTH PCSITION VECTOR

IN STG. 10 C.uU.L.

CONVERT FCURTH VELOCITY VECTOR
IN STGe TC C.leL./C.U.T.

HOLD QUT AS VECTORS AT REQ. TIME

REQ. TIME EXCEEDS TIME OF 4-TH ITEM

IN $TG.,y SO NEED NEW (LATER) 6-TH ITEM

HAS END OF RECCRC BEEN REACHED

LOAD A RECURD FROM TAPE
DID TAPE CHECK CCCUR

YES. ADD TC NC. OF READ ATTEMPTS
HAVE ENOUGH ATTEMPTS BEEN MADE
NO. BACKSPACE AND

TRY AGAIN 7O READ RECORD

RECGRG HAS BEEN READ SUCCESSFULLY
JeDe CF FIRST DATA ITEM IN RECCRD

SET TC MOVE TIMES AND VECTORS
IN STG.» LEAVING SPACE FCR A
NEW SIXTh ITEM

MCVE NEW {LATER) ITENM
INTO SIXTH [TEM STG.

TIME OF NEw ETEM IN C.U.T.
SET CCUNTER ADJUSTERS TO INDICATE
THAT LAST MOVFE wAS FORWARD

REQ. TIME IS EARLIER THAN TIME CF 3-RD ITE
IN STG.y SO NEEC NEW (EARLIER) 1-ST ITEM

IS CCUNTER NEGATIVE
NC. ITEM IS IN THIS RECORC

YES. BACKSPACE AND LOAD PREVICUS RECORC

LOAD A RECORD FRCM TAPE

OID TAPE CHECK OCCUR

YES. ADD TO NC. OF READ ATYTEMPTS
HAVE ENOUGH ATTEMPTS BEEN MADE
NC. BACKSPACE AND

B-58
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8 NO114

8 00117

8 00133

B 00134

8 00118

B 00119

8 00120

8 00128

8 00135
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04264
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0c*3<

00136
00091
00095
col129
00096
00123
00096
00100
00030
00100
00031
00100
00032
00100
00033
00100
00034
00100
00035
00100
20036
00096
00094
00021
00022
00023
00024
00025
00026
00092
00092
00020
00098
oro99
00095
ac107

00115
00080
90017
90018
00081
00082
00083
00084
00085
00086
00081
00082
00083
00084
00085
00086
00116
00001
00002
00003
00004
00005
00006
90016
00002

00124
90016
00125
00001
00002
00003
00004
00005
00006
00002

00126
90016
00125

90014
00095

+50000000+02

00096
00020
00096
00021
0009¢&
00022
00096
00023
00096
00024
00096
00025
00096
00026
00096
00005
0C095
90005
90006
90007
90008
900C9
90010
90004
00092
90013
00008
0co0s5
00095

0C09¢0
0C090
00070
90015
90015
90015
90015
90015
90015
00081
00082
00083
00084
00085
00086

00004
00004
00004
00004
00004
00004
00005

00012

00004
00004
00004
00004
0C004
00004

00006

K

% .001
60011

00C09
00096
00100
00096
00100
00096
00100
00096
00100
00096
00100
00096
00100
00096
00100
00123
goco7
00094
00094
00094
00094
00094
00094
00095
90003
00091

c0Co6

00071
00072
00073
00074
00C75
00076
00015
00015
00C15
00016
00016
00016

00081
00082
00083
00C84
00085
00086

00014
00014
00014
0CCl4
00C14
00014

K

06000

€600C

TRY AGAIN TO READ RECORD

RECORD HAS BEEN READ SUCCESSFULLLY
J.D. OF FIRST CATA ITEM IN RECCRD

SET TU MOVE TIMES AND VECTORS
IN STG., LEAVING SPACE FCR A
NEW FIRST ITEM

MOVE NEW (EARLIER) ITEM
INTQ FIRST ITEM STG.

TIME OF NEw ITEM IN C.U.T.
SET CCUNTER ACJUSTERS TO INDICATE
THAT LAST MOVE wAS BACKWARD

REQ. TIME IS BETWEEN THIRC ANO

FOURTH TIMES IN STG.

STORE REQ. TIME FOR INTERPOLATICN FUNCTICN
STORE 6TH TIME IN STG. FOR INTERP.FUNCTION
INTERPCLATE FCR VECTOR

AT REQ. TIME

CONVERT OLTPUT PCSITION
VECTOR TC C.U.L.

CONVERT OLTPUT YELOCITY
VECTOR TC Calele/CoUlT.

HOLD CLT VECTORS (IN CANCNICAL
UNITS) AT REQUEST TINME

SET EXIT CHECK = O
GCOD EXIT

REQ. TIME IS TCO E€ARLY FOR TAPE

SET EXIT CHECK = -1
HOLD CLT 9°*S

REQ. TIME IS TCO LATE FOR TAPE
SET EXIT CHECK = 1
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8 00136

8 00129

B 00123

8 00115
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8 00124
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8 00120

058

04327

04328
04329
04330
04331
04332
04333
04334
04335
04336
04337
04338
04339
04340
04341
04342
04343
04344
04345
04340
04347
04348
04343
C4350
04351
04352
04353
04354
04355
043%6
043517
04358
04359
04360
04361
04362
04363

04364
04365
04366
04367
04368
04369
04370
04371
043172
04373
04374
04375
04376
04377
04378
04379
04380
04351
04382
043813
04 384
04385
04386
04387
04388
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00010
00011
00012
00014

<< <<

30 oo001

00087
00150
00191

F 120 - BACKWARD DIFFERENCE INTERPOLATICN
INTERVAL BET.TIMES IN INTERP.TABLE(CUT) I
TiN),TIME OF ITEM FOR WHICH TG INTERP. I
T(O},TIME OF 6TH ITEM IN INTERP.TABLE I
BACKWARD CIFFERENCE INTERPOLATICN

-10000000+01

00003

00015
62919
00001
0Co15
0Co15

Qo012

00011
00012
00019
00020
00005

-10000000+01

00014

0co1l8
00018
00035

00017
00035
00021
00023
00022
00017
00017
00018
00024
00026
00011
00011
0001¢C
00010

00016
00029
00027
00028
00035
00028
00030
00032
00016
0L 32
00004

00018
ooo11
00017

cco11l
oool7
00022
u0013

00023
00007
00006
00025
0QC13

gogll
00016
00C13
goQ27
00016
00029
00023
00031
00008
00035
Q032

+00000000+00
+10000000+01
+10000000+02

+50400000+01

G O TC CARD READER

K = Q614C B-60

PAGE

PAGE

060

8 00001

8 0000%

8 00006
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17
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47

21

27
1R

110112220009 7333 163K 0 1AT=TTY 1107 7 7 7776511 25TARTCD

[ILvV SRR { IMVAPR
CARDS P&y
Lier
RILM SURR
INVAR SUBR MEDIFIED { 'SIMG MAGNET ) (SEPT 139 62)
SUBROWUTINF BILM { FLATs FLENGy ALTy ERKe 3Ts 3Ps 3R» BOs FlLoy
1 FLINTs RARZ )
DIMFNSTION V(3,53)4B(200G)sARCI2001sVYN(3) VP (3)9BEG(200)sBEND(I200) »
1RLAGI20D ) 9FCRI2IN)I9R1(3)4R2({3)4R3(3)
VI(1e2)=ALT/67271,2
VI(292)=(974=FLAT)/5T7,29577°5
V(342)=FLONG/5742957795
ARC(1)=C,
ARCU2)1=(1,"4V (192 )1 #CGRTIF(FRR)*N 3
NDCLT=145T08~( ¢ 200T*¥CRALF{V(342)414239)
IFIVI242)=-DCLT)I1D910,11
ARC:2)==ATC(2) M
CALL START ( Rly R24 R2y BRy BTs BPy Bs ARCy EFRRs V )
RP=~RP
N 172 I=1,473
VP(T1)=V(1s2)
UN(T)=V(T47?)
CALL LINFS (R19R23R34ByARCHFRR9JsVP 3VN)
IF(J=200116917417

Fl=—=1,0
fR TA 18
Jnp=

ne 40 =1, J0IP

ARC L JY=ARSF(ARC I }))
RLOGIJI=LEOGF(R{JY?
JFP=Jt1P=1

ne 21 JU=24JFP
ASIM=ARC () +ARC(J+1)
PX=RLAGIJ=1)=RLAG(J)
NN=ASUHMEARC I JY#ARC(U+])

pCE =((RLOG(J=1)~BLOGIJ+1)) *ARC(U) ¥ *2-NDXXASUM*¥%2) /DN
cenm = (DX*ARC (J+1) = (BLOG({J)=-BLAG(J+1) 1 *ARC(J) ) /DN

CA= TREARC ()

CO=CA+a25%AGIM

DCG:RLOG(J—‘I)-C(‘Q ®*GARCO

FCE(J)=RCH +CCd * 1 SA+5C)

RFG(J)=FXPFINCH+TCI(JI ¥ 5*ARC(J)Y)

IEND(J)=FXPFINCO+ECO(J) * ¢ 5% (ASUM+ARC(J)))

AFGIJUPI=RFND (JFP)

REND{ JLIP) =R Jt1P)

FCOIJIUPI=(2eL/ARCIJUPY ) ®*LOGF(BFNDIJUP)Y/BEGIJIUP))

CALL INTFG (ARCBEGBENDSBJFEPsFCEeFLINT)
CALL CARMFL { B{2)sy FLINTs FLy ROBZ )

RR=R(?)

PFTHIRN

FND

INVAROO1
INVARDDO2
INVAROCS
INVARCO4
INVAROOS
INVARCCG
INVAROO?
INVARQOS8
INVARQO9
INVARO10

INVLRO12
INVARO13
INVARC14
INVARC1S
INVARA1S
INVARB1S
TNVARC1S
INVARG1S
INVARO17
INVARO18
INVARQ19
INVARO20
INVARO21
INVARO22
INVAROZ3
INVARO24
INVARO25
INVARD26
INVARZ27
INVAROD28
INVARD29
INVARO3%
INVARD31
INVARO32
INVARO33
INVARG34
INVARO35
INVARO36
IRMD1*00
INVARN3S8
INVARC39
INVAROGD
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520

74
75

a6

26

r7?
76
77
79

7R
80

81
a3

Wﬁ"#” SR e L

LINFCS  quiap
CARDS REy

1 IST

LARFY,

LiNFS  S1pR
SURRAQUTINF LINFS (R1sR2sR39R9ARCIFRRyJsVP V)

NDIMENSION B(200)«ARCI200)9R1(319R2(3)sR3{3)sVNI3)sVP(3)sRA(3)

FRE=N, 28
IF(FRR=0,15625)T4s75475

CRF= {FPR%#C 43333333373

AR=ARC ()

AAR=ARSF (A3}

SNA=A3/AAR

A1=ARC(1)

A2=ARC(2)

APE=A3RAA /64"

J=3

1r=1

1¢=1

A Te RY

1e=1

NENES

ACR=ATIRAZ /6,0

AR J=AT1+AD+A

AD=({ASIIVMEATI/ZAA

AN=ASIIM/ARA

cN=A1/CC

NS 6§ 12143

PH=R1I(1)1/AA=R2(1)/8R+R3(1)/CC

GP TR(6sRY)HIE

PT=RI([)=(ADX¥RI(I)-RNH*R2( T )+ NDERI([)=NN*ART J)#ARCJ

RA(T)I=RI(])

P1({11=RP2(T)

R2(11=P3(])

R3I(1)=RT

VPIT)Y=VNI(T)

RRAR=(RZ2{1)1+4R3(]1)/24=NN*A06

VN(I1)=VP(])+A3%RRAR

IFIVN(2)1)T76+77477

VN2 )==UN(2)

1FIVN(21=3,141592653)7R+78,470

VN(2)=64282125307-VUN(2)

6e TR 77

IFIVN(3))1RN04A1 48]

VN(3)=VN(3)+6,283185307

ne TA TR
IFIVN(3)=64283185307)82+82+83

UN(3)1=VN(3)-6,283185307

6m T 81

GR TEO (95101418

SIT=zARSF(SINF{VN(2)))

PPF1=VNI(1)

PRF2=PRFIXYN(2)

PRFA=PPFI %S THYNIT)

cen=cpTHCyT

CFR=(6335649124S5S5N* (214367 T+4108%851°1) /637142

AFR=2YN(1)=RFP

LINESOOC
LINESOO1
LINFS0C2
LINF5003
LINFS024
LINESOGS
LINFS006
LINESOO7
LINFSO08
LINFSQO09
LINESO10
LINFSO11
LINFSO12
LINFSO13
LINFSC14
LINFSO15
LINFSO1le6
LINESOL17
LINFS018
LINFSC19
LINFS020
LINESC21
LINFS022
LINFS023
LINFS02¢4
LINFS025
LINFS026
LINFS027
LINFSD28
LINFS029
LINFSO30
LINESO31
LINFS032
LINESO33

LINESO34
LINESO35
LINFS036
LINFSO37
LINFS0O38
LINESO39
LINESA39
LINESO40
LINESO4l
LINFS042
LINESO43
LINFSO44
LINFS045
LINFS046
LINFS047
LINFS048
LINESO49
LINFS050
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a3
8Q

RR
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57

40

CALL MAGNFT(AFRsSIToUN(3) 98RBT BPsRIJ)IVNI2))

PA(1)=RR/R{J)
NDN=R{J)1*YN(])
RA(21=2T/NN
R2(3)=RP/(NNXC[T)
ACIM=A4AD
AA=ACIIMEAD
RRzA2%AD
FOZASHIMEAD

1€=2

R TR 24

CIT=ARSFE (CINF(VM(2)))

q(Jy=a(J)y® ((PRF1/VN(1))x*2)
QRT=46%ARSFIR3 (1)) /(4 1+ARSF(R3I(2)*VNI11))

LINFS0S51
LINFS082
LINFS0%3
LINFSOS54
LINFS0DSS
LINFS056
LINFSO57
LINFS0OS58
LINFS059
LINFSNEN
L INFSD61
LINFSNG?
LINFS063
LINFS5064

Xz (ARSFIVN(1)=PRF11+URT*ARSF(VN(]1)*VN(2)~PRE2)+ABSF(VNI1)2SIT*VN(3LINFS065

GE TY (904939901 [LP
IF(X=342)004809,89
AF=A3RC 2% (RaN4X )/ (NeB+X)
J=J-1

1Lp=7

AQIM=AD4AY

AA=ASIIMEA]

AR=A2%A)

FEZASIIMEAD

N Q1 =143
VNIT)=VPI(T)
PA(1Y¥=R2(1)
R2(11=R1(1)
P1(T)Y=RA(T)

- TR 72
TF(J=2 06T 96N46N
Al=A?

IF(R(IJ)=R (21149949460
1n.p=2

A?2=A?
A2zA3% 27 (Be+X )/ (eB+X)

AM=(2,=-R3({2)*%VUN(1))*VN(1)*CRF

IF(ARSF (A3)=AM)BL 8472
A2A=CNA*AM
IFIONARRI( ) 14451893577
AMz= BASNAXYN{T)/R3(1])
TF(ARCE(A3)=AM)T2,73,8A
A2=CNA*AM

APC({J+1)=A"
AAR=ARCE(A3R)

e TR A6

RETIHRN

FaR

1)-PRE3) )/ (AAB*FRR*SURTF (1 4+GRT*URT) )

¢c-3

LINESD66
LINFS067
LINF5068
LINFSC69
LINFSOTD
LINFEOT71
LINFSOT2
LINFSD73
LINF5074
LINFSLT5
LINESOT76
LINFSO077
LINFSO078
LINFS079
LINFS080
LINFS081
LINFS0O82
LINFS083
LINFS084
LINFSO85
LINESO86
LINFS087
LINESO8S
LINFS089
LINESOS0
LINESO91
LINESN9Z
LINFS093
LINFSN94
LINFS095
LINFS096
LINFS097
LINFS098
LINFS099
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START ~1AR
LIy
CARNS Ry
| ARFL
N1 41
CcTART  crmn
SUBRAUTINF STARPT ( Rl1e R2, R3s BR7, BBTs 3BPy 3y ARCy FRRy V )
DIMENSTON BI200)9ARCIZN0) sV I(3931sR1(3)9K2(3)9R3(3) STARTOO1
CIT=ARCF(CINF (Y (242))) STARTON?
AFR=V{147) STARTO0N3
CEN=1T*S17 STARTCGO4
PFR={h356,912+550%(71436774+,108%55Q))/6371.2 STARTOCS
VI1921=AFR4EFR STARTGCN6
10 IFIVI?42))11612012 STARTAZ6
11 VI(2421=2V(32)466283185307 STARTBCé
GR TA 10 STARTCOQ6
17 CALL MAGNFT(AFRsSITeVI392)1sRRNT NP BI2)9V(2+2)) STARTOOQ7
nRR = AR
RAT = RT
Rap = ap
R2(11=RP/R(2) STARTNNSG
PN=R(D)*¥Y(]+2) STARTOCY
R2(2)=RT/NN STARTO1N
R2(3)=PP/(NN*5]T) STARTO11
1<=n STARTO12
1 DP9 2 =143 STARTO!3
2 VIlel)=W{142V=-ARC(2)%¥R2(]) STARTO14
CSIT=ARCF(SINFIVI(2+1))) STARTO1S
2 €eN=QT#&TT STARTO16
PFR=(6356,0124550%(21e3677+6108%55Q))/6371.2 STARTO17
AFR=V(141)-@rR STARTO18
CALL MAGNFT(AFRsSITeV(351)9RRIBTHBPsB(1)sVI(2s1)) STARTO19
TFIR(1)1=2(2))4s5+5 START020
4 ARCI(2)1=-aRC(2) STARTOZ21
A TR ] START022
5 1011=8R/R(1) START023
ARC(3)=ARC(2) STARTO24
PN=R{1)#V(1s1) STARTC25
P1(2)=RT/NN STARTO026
R1(3)=RP/(DN*SIT) START027
PR A [=],7 STARTOZ28
A VITe1)=VITe2)=ARCI2V*¥(RYI(T1I4R2(]))/2e STARTN29
SIT=ARSF{SINF(V(2+1))) STARTO030
16=7641 STARTO31
GR TR (247)s1S START032
7 N8 1=1,3 START033
8 VII931=VI192)4ARCI3)1*((145)*R2(]1)=45%R1(1)) STARTO34
PFTIIRN STARTO035
FND STARTO36




4 * MAGNFT  cmRp
3 * L1eT
i * CARDS RAW
P * LARFL
. ra121
E r MAGNFET  Suan
] SURROUTINF MAGNET (ReS5sPHI ¢BReBTHFT ¢BPHI 4BB 9 THFT) MAGNTNO0
: DIMENSICN DP(49)sP(49)sG(4G)eHILT) s CONST(49) sAUR(TY9SP(T)4CP(T) MAGNTQOO01
: 1F { SENSFLIAHT 1 ) 157, 151 MTMD1*20
. 160 AR 182 N=1,440 MTVD1%30
: GINI=0,0 MAGNTO005
* 182 HI{N)=,0 MAGNT006
c JFENSFN AND CAIN COFFFICIFNTS FEGR 1960 (JUNF 1962) MAGNTCO7
- ¢ GIT) = GINsM) AND H{I) = H(NsM) WHFRF [ = N+7%(M-1) MAGNTOO08
Il Al 2)= 1,7°41127°59F-N] MAGNTON9
: Sl 0)= 2,14T34RE/F=N) MAGMTO10
. Al )= 2,4P3536T71F=N2 MAGNTO11
’ (1M ==5,12533270F=N) VAGNTO12
A{17)12=1,22011060F=N7 MAGNTO13
G 4)==3,15178651F=N7 MAGNTO14
(1112 642120N0NRE=N2 MAGNTO16
Gl18)==2,48981133F=0 MAGNTOl6
G(25)=~6,49565905F=03 MAGNTO17
. Gl 5)==4,17943639F~02 MAGNTO18
- Al12)==44,5298266NF=N2 MAGNT219
E GU10)==2,17047447F =) MAGNT020
- GIPAY= T¢NNRPBAUNEF=N1] MAGNTO21
o G(22)==2,"4205562F=07 MAGNTO22
Gl A)z= 14625862 71F=) MAGNT0213
G13)==2,44L06T7676F=2 MAGNTC 24
A(2N)==1,0/ 4T7NNDEF=N) MAGNTN26
G(27)=-6,"8211374F=04 MAGNT026
Gl34)= 2477523549F=33 MAGNTI27
Glal)= 6,06RC246TE=T4 MAGNTO028
Gl T7)==1,95231736E="7 MAGNT029
Gl14)==44R53726147F=N" MAGNTO30
GL2Y)= 2,21172428F-N3 MAGNTC31
RIPR)= 24,1412RR28F=0) MAGNTO032
fi(35)= ]14NGNG127RF=-N1 MAGNT D33
Cla2 )= 2426R29448F=-"4 YAGNTO34
C(49)1= 1,11471368F=N “MAGNTN 35
H({ 91==8,7000n6N]1F=N? MAGNTN36
HI1N1z 2,2124N714F=02 MAGNT037
H{17)==1.,57R92822F="3 VAGNTO38
H{11)= 1448696943E=02 vAGNTO039
H{1B)==4,"74917158E-C3 MAGNTO40
HI25)= 241N31R235F=-04 MAGNTO41
H{12)=-1,18245456F =02 MAGNTO42
H{17)= 14"P0RT732E-02 MAGNTO 43
HI26)= 4o3028NPHERE=04 MAGNTO44
H(22)= 1,3850349NnF=N3 VAGNTO45
H(123)==7,9589T466E=-04 MAGNT 046
H(20)==2 ANN4402 1 F=N2 MAGNTO4T
H(27)= 4,59718859F=01 MAGNTO48
Y2y )= ?6420AINTRE=-NI MAGNT 49
H{41)=-1,21806522F=-N3 VAGNT 50
H{14)=~5,75830203F=03 MAGNTO051
H(21)==8B473461401E-02 MAGNTO0S2
HI28)==3,47 & 4NTAE-N3 YAGNT0S3
H(35)==1,1R162456E=04 MAGNTOS4
| H{6?21==1,116231713E-N3 MAGNT 055
' HI49)2=3,2483]1891F=-04 MAGNTO056
D(1)=14N MAGNTOST
NPLY)=N N MAGNT S8
P(1y=n,N MAGNTOS9
rFP(1)s1 N MAGNT D60
CONRT(Q) =0 MAGNTO061
FENET(16)2N0 MAGNT062




a3
181

166
154
158K

an

R7

RO

22

DE 8D N=3,7
EN=N
ND RT V=1 4N
L
T=N4+T7%{V=1)

CONSTI)=((FN=2 2 ) ¥R (FM=]140)%%2 )/ [ (FN+FN~-34,0) *(FN+FN=5,01))

CxCNRTFIARCE (1 ,N=C*C )
TFITHFT=1,570796327) 15441544156
==l

AR=14/(144P)

SPI2)Y=CINE(PH])
TP(2)y=CRaF(DHT)

ARR (1 )y=ARRAR

ABR (D) =APXARR (1)
na an v=2,7

=M
CP(M)=SP (2 )XCPIN)+CP(2)*SP ()
CPUMY =P () %P IN)=SP(2)%5P (N)
AR (MY=APXARP (M)
aR=N,N

ATHET =" g N
RPHI=040

NE 22 N=247

FN=N

SUIMR=N "

rpuT:Q.n

Cp=n,N

ne 33 Mz g N

TF (N=%)RT,R8,87

1=°*N—7
L:]-Q

PLTy=S*P (1)
PPIT)=G*NP (L )+C*P (L)

AH TR RO

[N+ (M=1)

J=1-1
va1-2
PU1)=C*P{J)=CANST(1)*P(K)
NPT )=CRNP(J)=-S*¥P(J)~=CANSTI])*DP ()
Fr=Me
[€=nR{T)1#CP(M)y4H(T)RCP (M)
CHMOzCIMDLP () #T&
CIMTECUMTANP () #TS
SUMP=SUMPLFNM®P ([ )% (=G( 1) *SP (M)4+R( ) #CP (M) )
AR=OR$ACD (N} XONXCLMD
ATHET=RTHFT=AGR (N ) #61IMT
APHI =RPH] - AGR (N ) #SUMP
ROHI=APHI/S
AR=SORTF (RR*¥2+RTHFT **>4RPHI ¥ %2 )
PETURN

END
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MAGNTO63
MAGNTD64G
MAGNT(C65
MAGMNTO66
MAGNTNGT
MAGNT (068
MAGNT069
MAGNTO70
MAGNTOT71
MAGNTNT2
VYAGNTNT73
MAGNTS 74
MAGNTO75
MAGNTOD76
MAGNTO77
MAGNTOT78
MAGNT0O79
MAGNTORO
MAGNTN81
MAGNTO82
MAGNTNB3
MAGNTO84
MAGNTOBS
MAGNTGC86
"AGNTC87
MAGNTOB8S8
MAGNTO089
MAGNTG9D
VAGNTO091
MAGNT 292
MYAGNTO93
MAGNT D94
MAGNT U095
MAGNTN96
MAGNT097
MAGNT 398
MAGNT099
MAGNT100
MAGNT101
MAGNT1C?2
MAGNT1C3
MAGNT 104
MAGNT105
MAGNT1C6
MAGNT 107
MAGNT 1028
MAGNT1C9S
MAGNT110
MAGNT111
MAGNT112
MAGNT1113
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LB
14

20

25
21

2?

26

27
28

21
29

2
23

24

2n

INTF¢,  cimR
I I('.T

FADHE DR
LARFL

INTEG  cLRD
SUBRBUTINF INTFG (ARCDEGeB NDsBeJEPsFCE4FI)

DIMFNSTON ARCL200)19BEGI220)sBENN{200)sBIZ00)9FCO®(200)

KK=JFP

TFIEK=8)14411,20

KK=K¥-=]

A=RI(KK=1)/R(2)
XP=RIVK)/R(2)

X2=zR(KK+1) /R(?)
ASIM=ARC (KX ) +ARC (KK +1)
NAN=ARC{KK)YRARC (Vv V 4] ) RASIM

RR=(~A®ARC{KK+1 ) ¥ (ARCIKK)+ASUA) 4 X2 RASLIMEA 2= X3#ARC (KK} *%2) /DN

C=(ARARC(KK+] ) =YD H¥ASUIMEXARARC (KK )} /DN
F1=1e57079632A%( 1 —A+BRXBR/ (44%C) )/ 3QRTF(ARSF(C))
RFTIIRN

T=CNRTF{1,=-BFNDI2)/R(2))
FI=(24%T-LOGF((1e+T)1/(14=-T)))/ECW(2)
IE(R(2)~BENN(KK))21571425

YK=¥rKa4]
T=CNRTE(ARSF (] ,"=RFG(KK)/A(2)))
FI=MI=(2#T~LOGF(({1e+T)17(1e=T)))/FCOIKK)
YV =kK-1

Ne & 1=1,KY

ARGI =Y o =RFNNI(T) /R (2)

TFIARGLI26 426427

TF=).,F=5

G TR 28

TF=SARTF(ARG])

ARGTI=1e=RFG(I)/R{2)

IF{ARG1129429,31

TA=SNPTF(ARG])

AYTH 2)

TR=],F=5

IF(ARSF{FrO(1))1=2eF=5) 22423,24
FI=F14+((TF+TR)*(ARC(])1+ARC{I+1))) /4,
GA TR 5

FI=F14(24%(TE=TB)=LOGF ((1e+TEI*{1e=T0)/((1e=TEV*(1e+TB))I)I/FCOLI)

CANT INUIF
PFETIRN
FND

Cc-7
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INTFGOO1
INTEGOO02Z2
INTFGNO3
INTFGO04
INTFGCOS
INTFGOO6
INTFG207
INTFGONS
INTFGGE9
INTFGN1D
INTFGOL1
INTFGR1?2
INTFGC13
INTFGCla
INTFGC15
INTEGO16
INTFGN17
INTFGO18
INTFGN1S
INTFGO20
INTFGN21
INTFG222
INTFGO23
INTFGC24
INTFGR25
INTEGOR26
INTFGO27
INTFGO28
INTFG229
INTFG213D
INTFGO31
INTFGC32
INTFGO33
INTEGO34
INTFGC35

INTEGO36
INTFGO37
INTEGO38
INTFGO39
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CARME <R
CARNT R
LIeT
LARF]
THK
CARPME <cprnn
SURPAIITINF CARMFL  ( Ry Xl VLe RFQ )
XX=zL@®R FL{(X]*%3)1%#R)/0,3116513) CARMLD02
TF{XXY4224) 111,48 CARYLNO3
ROIFIXX47,124249 CARMLNO4
O 1F{XX=34)342410 CARMLOOS
10 TF(XX=124)b0b,4]11 CARML206
11 TF{XX=23,)15840,6 CARMLODO7
GG=e3333A9XXX+3,0062177 CARMLOOS8
AT 7 CARMLOO09

2 GO=(L0000((~841537T735F=14%XX+8e3232531E-13)1%XX+]140066362E~7)%XX+ CARMLC1O
18,1748663F=8)%#XX+3,2916354F~61%XX+842711096E~5)%XX+1e3714667F~3)% CARMLQI1

2XX+4015C17245)¥XX+443432662)#XX+462337691 CARMLO12
e Ta 7 CAPMLN13

3 66011 (((((2,6067023F=1N%XX+243C2LT767F=9) *#XX~2,1997983F~8)* XX~ CARMLO14
1543977642F~T)#XX~3634L8822E~6)%"X4348379517E=5)#XX+1017846236L-3)*% CARNLOLS
2XX+106692661F =21 %XX+e43352788) #XX+46228644 CARMLO16
n T 7 CAPMLC17

4 GO=tl(({{((663271665E-10%XX=30958306E-8)#XX+79766148E~u7)*XX~ CARMLG18
1142531932F=5)#XX+7¢9451313F-514XX=342077032F~6) #XX+241680398F-3)% CARMLO19
2XX+142817066F =/ ) 8XX+e43510529) AXX+,6222355 CARMLO20
6o Te 7 CARYL02]

5 GG=((({i248212095E=B#XX=1,8349276E~6)#XX+2¢170224E~4)%XX~647310339CARMLO22
1F=3)%XX+,12038224)%XX=4 18461796 ) #XX+2,0007187 CARMLC23
fnoTA 7 CARMLN24

6 AH=XX=3,046"68] CARMLA25
7 VL=(((1,04FXP F(GG))I*0,311653)/R) #%(1,/3,) CARMLO26
FNN CRUPITE | CARML027
RFQ = 140 + FXP FI GG ) CLMD1#C0
RFTURN CARMLOZ8
FND CARMLO29
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