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FOREWORDN

In the process of creating this packet of applied programs
for calculating the nmavigational parameters of artificial Earth
satellites (AES), the methods of use, whose possibilities and
organization are described in Prepeint [8] , there arose a library
of subprograms which have a sufficiently independent nature. The
present work is devoted to a description of these subprograms.
Because of the space limitation of a preprint, the description of
the subprogram library has been divided into two parts. Included
in the present preprint are the subprograms for transforming
coordinates and time, for determining the position of the Moon
and Sun, and for cglculating atmospheric density on the basis of
various models of the atmosphere and disturbances specified by
anomalies of the Barth's gravitational field. In the library of
su&programz of the packet mentioned above, these subprograms have
indexes A-E.

The second part of the subprogram library (F-I) contains
subprograms for the formation of the right parts of a system of
differential equations for the motion of AES and for its integra-
tion by Adam's method, and subprograms for calculating the values
of various functions from the parameters of the AES's motiom.

The description of the master program and auxilliary subpro-
grams, which guarantee the organization of information input, as
well as the calculation and printing or recording on zmagnetic tape
of an arbitrary set of navigational paramaters (NP), makes up the
content of an independent preprint.

There is a variant of the subprogram library for execution with
binary precision of the calculations enumerated above.

When using the suggested library of subprograms or even one
program of this library, one must keep in mind that all oounstants
which are encountered in separate subprograms are located in a
common region and values are assigned to them by a preliminary
reference to the subprogram CONST (p. 2.1). Therefore, before turning
to descriptions of actual subprograms, it is necessary to become
familiar with points 1.2 and 2.1.

The systems of coordinates used and accepted when describing
the subprogram library of designations are introduced in point 1.3,

The principle of the organization of the library of subprograms
ig described in p. I.1l.

The remaining points contuined in the description of actual
subprograms can be used independently of one another.

The author of subprugrams VKMA and DENS (DO2) is M.I. Voyskovskly,
and of subprograms DEG2, DEG3, and DEGS5 (EOI) it is Ye.Ye. Ryazanova.

iii
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The subprograms ADEN, AMBAR, GRAV, and TIOCAI are taken from[ 6]
and are tested and modified for the Ye.Ye. Ryazanova's electronic

computer (BESM-6). The remaining subprograms are those of the
author of this work.

The author wishes to thank Yr.A. Chistyakova for help editing
the tests of the programs for publication and T.V. Zaytseva and
V.V. Smirnova for their help in preparing the manuscript.
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AUXTLIARY SUBFROGRAMS FOR CALCULATING THE NAVIGATIONAL
PARAMETERS CF ARTIFICIAL RARTH SATELLITES. FORTRAN IV,

' V. I. Prokherenko

CHAPTER.I. THE ORGANIZATION OF THE SUBPROGRAM /5"

LIBRARY AND ITS FEATURES

1.1 Oreganization of the Subprosram Library

At the base of the orgavrizational procedure of the subprogram
library are the principles of organizing a subprogram library which
are accepted at this time, and which are used, for example in the
joint Institute of Nuclear Research in Dubma.

To facilitate the review, the library is broken down into
specific logical groups, each of which has its own index (4,B,C...).
These indexes in a seunse do not coincide with the indexes used in
the joint Institute of Nuclear Research library but are used for
the convenience of describing the library presented below.

The ¢hapter names conform to the names of respective groups.
Subprograms in each group are numbered (for example, AOI, AO2,...).
Fach individual subprogram is described in 2 separate point, and
sometimes several subprograms which are linked to one another are
described in one point. The names of points coincide with the names
of subprograms. In such manner the indexing can be considered an
inventory o. subprograms which are grouped according to their
meaning.

Besides this, in each section of the description of the sub-
program library is a list of subprograms by their names in alpha-
betical order (together with indexes by which one can find a
correspending subprogram). In the last section is a full list of
subprograms given by names.

When describing each individuval subprogram the following format
is used:

1. TFunction

2. Structure
Subprograms, subprogram-function, and the packet
of subprograms

Identifier (identifiers) of the subprogram which
is the input for the user.

Internal inputs (subprograms inaccessible to the user)

Peripheral subgrograms used (access to other subprograms

of the library
Peripheral devices (input and output devices)

Common units (COMMON)

¥Numbers in the margin indicate pagination in the foreign text.
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3. Accuss
4, Input data
5. Results

6. Usage of the xeglon CONNON
7. Limitations

8, Emergency nutputs

9. Method or algorithm
10. References
11. Text

Information on all of the above points is not contained in
each description, and numeration according to these points is
not strictly adhered to.

In order to save space in the description of structure (p.2)
replies of the tvpe "Peripheral devices not in use" or "Access to
internal subprograms unavailable" arz omitted.

1.2 Counstants, dimensional variables

The proposed subprogram library is a complex of subprograms
which have been developed on the basis of several general principles.

All constants, dimensional and non-dinensional, which are /7
used in various subprograms, are taken out of the common region -
(COMMON), and values are assigned to these constants by accessing
the subprogram CONST (for the majority of constants, ses Tables
2.1-2.4) and the subprogram CONGR (for coefficients of anomalies
of the Farth's gravitational field, see Table 2.5).

All dimensional constants which are originally given in the
system of units kg, m, and sec, can be subjected tc multiplexing
with the scale factors EM and ESEC, which are given as actual
parame ters of the subprograms CONST and CONGR.

The problem is that for various AES it may be necessary
to conduct the calculations in various systems of units: kg, m,
sec; 1000000 m, 1000 sec, and so forth. The system of units
chosen for calculatiois can be fixed by two scale factors:
EM, ESEC--the number nf meters in the chosen unit of measuring
distance and the numbur of seconds in the chosen unit of measuring

time.l In the case that the system of units is kg, m, and sec.--El=1,
ESEO= .

Dimensional reference data, such as T, s, y, 2, V, Ves Voo Voo

a, SB and so forth, should be translated into the system of units
which are fixed by the scale factors EM, ESGC, for which the scale
factors from corresponding units of COMMON can be used (see

Table 2.3).

In these subprograms for which the descriptions do not contain
indication of the system of units in which the dirensional reference
data should be fixed and resulting in dimensional results, it is



implied that it is a system of units fixed by the scale factors

EM and ESE0. The current moment of time ig given by the date and
Moscow time T, figured from that particular date. The date can

be given as the calendar date or =z the RID, the relative Julian
date (nee p. 1.2). /8

The time T is measured in seconds (or in units detarmined
by the scale factor ESEC). Only in the subprograms HMSSEC (B03)
and SXKOHMS (BO4) is the time T always measured in seconds,

In several of the subprograms of the library (usually the
subprograms of other authors, for example DENS (D02), ADEN (DU3))
the dimensional reference data should be given in definite units,
This is discussed in the descriptions of the crrresponding sub-

programs.,
1.3 §; 9tems of Coordinates, Time and Desiprnations

1. The following system of coordinates is used.
Greenwich relative rectangular coordinate system Ox 5 coordinated
with the rotating Earth: Y

the center 0 coincides with the Xarth's center;

the axis Oz coincides with the rotational axis
of the Rarfh and is oriented towards the Nexth pnle;

the axis 0x is »riented towards the point of inter-
sextion of"the Earth's equator and the Greenwich
meridiang

the axis Oy completes the system to the right

The absolute rectangular quadrate (equatorial, stellar) systems
of coordinates OXYZ:

the cernter O coincides with the center of the Rarth;

the axis 02 cnincides with the Barth's rotational
axis oriented towards the North pole;

the axis OX is oriented towards the point of the
vernal equinox (at the current moment);

vhe axis QY completes the system to the right.

Oscillating system of coordivnates (elements of the orbit). The
elements of this system of coordinates are:
. ~-the semimajor axis of the orbit;
€ -eccentricity;
{ ~inclination (t7e angle of inecline of the plane
of orbit and the equatorial plane);
Q -the longitude of the ascending vertex of the
orbit (calculated along the sguatorial arc



T

from the direction towards the point of spring
w countercleckwise);
‘-argument of pevigee (angular distance from the
ascending vartex te the perigee);
T  -the time of passage through the perigee,

The position of the satellite in orbit is determined by the
argument of latitude W (angular distance of the AES from the
ascending orbital vertex).

2. In descriptions of the subprogram library, the following
concepts are connected with the estimation of time [4].

-tge Gr$garian calendar (GU)=-~contemporary

shprannlamy

~the Julian computation of time--the system
of continuous count of days from the beginning
of the Julian,period, year 4713 to the New era
January 1, 12" according to the Gregorian calendar.

~JD=~the Julian date, thc number of days
which have passed since the beginning of the
Julian period.

-In many of the subprograms the relative Julian
date (RJD) is used, the number of days which
have passed since 1900, January 0.12" of
ephemeris time,

RID=JD-2415020.0

~The stellar local time [2] at the given
meridian (3) is the time calculated from the
moment of the upper culmination of the point
of the vernal equinox to any other of its
positions. Stellar time is numerically
equal to the hour angle of the point of the
vernal equinox,

3. PFor several of the quantitites more frequently encountered /10
in the subprogram descriptions we will introduce constant designa-

tiens (identifiers of these quantitites).
RdID=-relative Julian date;

T,TR- Moscow time, calculated from
a certain date in seconds (or in othex
units fixed by the scale factor HESEC);

SO-stellar time on the Greenwich meridian
gttmidnight in Greenwich on the corresponding
ate;

ST-stellar time on the Greenwich meridian at
the moment of time T;



YA-array coutuining X, Y, 4, V., V,, V
(absolute systems of erordinat¥s);?’ 2
Ya=~array containing x, y, g, Vyr vy, v,
(Greenwich coordinate system); !

Y-array c¢ontaining coordinates and
constituents of a vector ol veloclity ivn an
arbitrary system of ceordinates;

LA=array centaining enly X, Y, 4;

XG~array containing only x, y, #;

X-array containing AES coordinates in a
randeom system of cooxdinates;

A-array containing efements of orbit

a ,e,i,ﬂ o, W3
SB-=ballistic enofficaent;

P=ntmospheric density.

Yhen the size of an array is mentioned in the descriptions,
instead of the words "array Y is reserved for 6 real values,!
it will be written "array Y;."

When the size of an area reserved in the COMMON/B/3 block
is mentioned, the numibeor 3 indicates the quantity of real values
for which Dbloek B is zeserved.



 CHAPIUR 2
CONSTANTS (INDEX A) /11

2.1 Basic Zourtants (AQ1~0ONST)

1. Function., The subprogram CONST dispatches to the common
area (CCMMON) the values of dimensional and non-dimensional con-
stants which are used in the system of subprograms for computing
navigational information which characterizes the positirs - 7 the
ATS, and translates the dimensional constants into an gliyv 7,
system of units. In Tables 2.1-2.4 a list is introdu:.d ol cow-
responding cconstants, their standard designations, the values and
dimemsions in the units (kg, m, and sec). For an assignment of
the needed system of units the following parameters are used:

M=number of moters in the unit of measuring distance;
WSEC~-number of seconds in the unit of measuring time,

Por example, if fexr computations the chosen units are kg,

m, and sec, then EM=l, and ZSEC=l. In order 1o carry out compu-
tations in the systems of units, kg, 1000 km, 1000 sec then it is
necessary to let EM=1,000,000, and ZSXEC=1000,

2. Structure. Subprogram ZONST,

The Common Units
AAED/| , [CADR/, , CARRAY, , A2/, , /CORY,, JCORLY, ,
/CGRS/y 1 JCOMY; | [CRE {, [CRZ /,, [CAE/,, [CAEL , /CCLZ /),
/COMZ /), LOMZPY, , /CSDAY/,, [CT3),, CKDM/, , /CDSIS/,,
APl , /CDEbR/,, /CHRAD/,, /CE2/,, /CE 3/, /CE4/,, /CEB/,, /£C60);,
A0C3500/,, /BEM/,, KEVY,, [CESB /,, [CELBY,, JCERO/,, /CHA/j, .

%, Access: Jall CONST (EM, ESEQ).
4' . Raw data: 'EI"I ’ ESEG .
5. Results, use of the area COMMON.

The values of constants in accordance with Tables 2.1~2.4 are dig~
patched to the units of Common enumerated in p. 2.
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xpansion of the ¥arth's ,
n_opherical Functicns (AQZ-0ONGR)

1. Function: Sudprogram CONGR dispatches the values of
coefficients of expansion of the Farth'=z gravitational field in
spherical functioms (5) to the common region (COMMON) and translates
these cnefficients inte the given system of units. Values of the

cnefficients are given in table 2.5.

Thege corfficients are used

only in subprograms for computing anomalies of the Turth's gravi-

tational field.

2. Structure. Subprogram CONGR.

COMMON units: /BCONGR/546.

3. Access: CALL GONGR (EM, #S%C).

4. Raw Data: 1M, BSRC

/18

5. Results, use of the area COMMON.
In the unit COMMON/BCONGR/ANM (273), BNM (273), in accordance

with table 2.5, the values of & ,m

are dispatched to array ANM,

and the va1ues‘3n7nare dispatched tr¢. array BNM.

@x
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Table 2.2 Constants usi:d in the mezsurement of time.
:-UnitSAN“'Zldent'i-:'T e] Values |
F;"-tCOMMON fiers yP ) c°"tef't
Lt < o___ 1 & ) t : o -
TVCSDAY?Z,| SDAY  WEx/. | 85400 ] days in seconds
_RICT3/ ,| T3 REAL | 10800 3 hours in seconds
SVCKDML| KDM 5 INTE 0 | (January
= BER 31 February
‘ ARRAY 99 interval of time | Mar:h
20 in days from Greery April
120 wich midnight, Jan} May
I8l 1, of the current ] June
181 vear to Greenwich ) July °
212 midnight on the 'August
243 first day of the :September
; 273 corresponding October
304 month: Movembe:
334 o ' ‘\December|
365 number of days in the year
. 4 CDSJS//‘ IUREN REAL 36525 Julian centuries in epheme-_-’
' ris days -
J
Table 2.3 Auxilliary constants, scale factors
Ty K] g 3 T [
1CP1/ Pl 3,14I59265 &
" 3pip2 1157079333 /2
PI2 16 ,28318531 2 '
2 \{CDEGRA DEGR 57,2957795 radian in degrees
3VCHRADY HRAD DEGR/13. radian in hours
4iCE2/ 4| E£2 I00
S1/C£E3/(| £3 I000
6|/ CEA/ | EA4 10000
TCEG/ | £6 <3 I000000
BILCeR/ (| C 60 = ’ 60
91CC380uC38en | 3 3800
10 @EM/z EM Eg’t ~ distance .
ESEC E E.'f.,, | times
{ICEV/ || EV EM/ESEC, velloci t
12 E{Sé/‘ ESB EA'!S/ESEC; Sca'le factor‘s { f pel .Y
I3 VCELB/| ELB EM/ESEC ' B .
13 ([CEROY,| ERO Emzsect density
SN R e
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Table 2.4. Characteristics of the standard five-layer model
of the Earth's atmospherp h;~ - layer boundries

?y altitude,& z;& ', Zﬁ" zb 5- - model coefficients
T Units §TIdenti- [Spec~ *ength:Désigi' j -
COMMON} flers -ﬁfica~gf nations },Values gigig |
J— ' filonsjarrav b
I |CHALy | HA  WRRAY| 5 | /1 1100000 M
(£ =I%5) |150000 M
' : 300000 M
600000 "
S ) 900000 _ -» M,
AA laRRaY| s | A 10,4T41 107, |ulcextu

(£=I145).10,2173 1077 |klcex? M

0,4861 10} Krcex’w

' oI o etk

. ; ‘K Oeh M

@t |aeear| 5 | Aui 01469 10°° N?
(£=Is5) |0,8004 IO M2
0,71I1 IO 2
J{

0,1831 10 " ™
. - . ')
Q@2 |Apeay| s | *2i  0,1787 10|
(£=I35) 10,3734 107, Mt
0,1547 1073 M
0,9275 107> M
0,954 10O u”
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CHAPTER 3
SUBPROGRAMS FOR THE TRANSFORMATION
OF TIMR AND CCORDINATES
(INDEX B)

3.1 Transition frem GU, the Galendar Date,
to RJD, Relative Julian Date (BOl-

DATDAY)

1, PFunction: +the program determines the RJIDN, the relative
Julian date, the number of days which have passed since the mean
Greenwich midday, January 0, 1900 until the mean Greenwich mid-
night of the given calendar date.

2., Structure. Subprogram: DATDAY,.
Common units:/GKDM/13,/OEZ/1.

3, Access; OCALL DATDAY (DTK, RJDJ.

4. Raw data: DITK~real variable containing the duate GU which
is given by the decimal fraction of the type: . DDMMGG, where DO
is the date, MM is the month's number and GG is the year's number
minus 1900 (the two last numbers of the year).

5. Results: RJID=relative Julian date.

6. Use of the COMMCON units. Constants are used from the
units: /CKDM/,.,/CE2/, (No. 3 Table 2.2., No. 4 Table 2.3).
2 : . T (GG-1)/4 10,5 + T
7. Algorithm: RJID=385GG +L . /4“} " * Lyhere
GG 1s the number of years minus 1900, the number of days passed
since Janvary O of the current year until the given date. [ x] is

the whole part of x. /20
8., Text
SUBEAUTINE 9ATOAY (DA nAY) An=Eh
SV eE2/60 LATG=KANEHI) aynTn
SONNI/CRIN/EDELS) ] KYSE(qG=117/4
UzaArer? FLIR oLt obann)12y),2
HNTH= Flun=20242,13

128 d=gaT 1) aEn KaTh=Xpraet

s MAVEYGA%AIELI e vy GapnTr- 8
et nye ke , RETUN

v+, 3 . ’ sy

R WS

3.2 Transition from RJD (the relative Julian date) to GU, the
Calendar Date (BO2-DAYDAT)

1., Function. For the moment of time, given by RJID the relabtive
Julian Date (see p. 1.3), the calendar date is determined.

16
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The moment of time can also be given in the form of RJID and
the time T in seconds (or in units given by +*he scale fuctor ESEQ, °
calculated from midnight of the RJD date (tke interval of time
T may contain any number of days). A result of the operation of
subprogram DAYDAT, the interval which is a multiple for whole days
is excluded fr~m the time T; TR is obtained, and the days excluded
from T are added to the date RJD and the RJDR is obtained. The
calendar date is determined for the RJDR date.

2. Structure. Subprogram DAYDAT
GCommon units: /cs.m:/1 , /cx:mvx/135 ,/cc(m/,l .

3. Access: CALL DAYDAT (RJD, T, RJDR, TR, ND, NM, NG)

4. Rew data: RJD-relative Julian date. T-time (in seconds),
calculated from the RJID date.

- 9. Results: RJDR-relative Julian date; TR-time in seconds,
calculated from the RJDR date: ND, NM, NG-whole variables containing
the corresponding number, month and year (minus 1900), corresponding
to the RIJDR date.

6, Use of the area CCMMON. Constants are used from the /21

units COMMON/CSDAY/l,/CIG)M/B./OGG%/l (No. 1.3 of table 2.2, No. 8
of table 2.3).

7. Algorithm. Iet RJD be the reference Julian date, T the
time in seconds calculated from midnight of the RJD date.

RIDR=RID+[T/8DAY];  TR=T-[T/SDAY) - 8hay,

where SDAY is the number of seconds in the days, [x] is the whole
part of x.

KVG= (RJDR-365)/1491; K=RJIDR-KVG; N=K/365,

where KVG is the number of leap years which have passed sine 1900
to the given moment.

Np if 4 + -
Nee f (KVG + 1)-k » 0

t N-1, if 4 (KVG+1)-k <« 10.

The number of days, calculated from the beginming of the
present year:

KDTG=K-365NG + 1,

The month and day of an unknown date are determined with a
comparison of XDTG with the array XDM. (i=1.13), in which the i
element contains the number of days which have passed since the
beginning of the present year (not a leap year) to the beginning of
the i-month. 1In the case of a leap year, when XDTG $60 a correc-
tion is made.

17
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8. Text.

5]1211"! 19 MRS RATIRACIT  DAVE, S Ny iy o

LY Haa ‘,"’:']}"ﬂa,‘!

warbit g L e 1) ~ -

o AN SR TR YRV
41=r’;JAJ

ARSI N ‘

:;=Y*z$*5§&u 2 APIGEK~ledGerniiiid;
WANELITL A 0 vy IFCivas s d b
RYBELA0S= 113 /.6y 3 IFURNTO-COhU) G,y 5
LER=YS [ HD=?9

HEEN L4 LY) "L‘\f&

Prust (v itedarn 3076 i3

Pty 2,2 B onThzypTs-L
HiENA. £ DY 1o An=Ei il

N - LFORNT~KONEINY s B e b

T CONTINYE
O HEN-) :
MORERTO=K Ini KR
. LA RETURN
T END

3.3 Conversion_oi Hours, Minntes
and Seconds into Seconds
BIr3-HMSS5KC

1. Function: Originating frem the time given in hours,
minutes, and seconds, the time 1is determined in seconds.
2. Structure, Subprogram HMSSLO
Common unitis: /CEZ/I,/CGGM/I./CC36¢¢/3.

5. Access: CALL HMSSHC (HMS, T).

4. Raw data: NMS-the real variable, containing the time
given in hours, minutes and seconds in the following form:
O. HHMMSSDS, where HH is the hours, MM the minutes, and SSDS the
seconds with fractions.

5. Results: T-the time in seconds.

6. Use of the OCMMON units. Constants are used froem the
units COMMON/CEZ/I,/GCGﬁ/l,/QG36¢¢/1 (Nos. 8 and 9 of Table 2.3).

7. Text.

SIS R RS SeR g Ty waT g

TIVag N /e 2 Anssegry

SYVY1 e dsi1/¢3n0p nsang- 1

Law:rr:{'tj’:au/cm BNEA NG wig

ARacine IPLAs) 3 w0 s

1'.’.”..;- 1 Az \:".

EASOE & Y:Q,‘h’,wsq‘v‘nﬂga‘,, 114" a
;'g,‘! tiaa ’i::'r'l»,, whte 0.36-34
A 21
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%.4 Conversion of Seconds into Hours,
FInutes, and Seconds

(EGZ-§;63M§)

1. Function: Originating from the time given in seconds, the
time is determined in hours, minutes, and seconds.

2. Structure: Subprogram SuCHMS,
Common units: /CCGH/,,,0C 3600/, .

%, Avcess: OCALL SECHMS (T, EH, XM, .20).
4. Raw data: T-{time in seconds and fractions of seconds.

5. Results: XH~-hours (whole variable), ¥M-minuies (whole /23
variable), SEC-seconds and fractions of seconds (real variable).

6, Use of the area ZOMMON. OConstants are used from the
units CUMMON/CCG@/,,/0C36¢8/, (Nos. 8 and 9 of Table 2.3).

7. Text,
: : AR G S AP AT & T
SANR LA S A e 60

IR LIS AR L A D o X-J 14
AT LR A0

4TINS Te) el 800
SRR
TR M= 5040
IzaEner, a0 arny
[yl ond

T
R

L3 N

. "
‘ af, ;‘,I

LA

L ]
&

3.5 Steliar Time (BOS5~STTIME, STT)

1. Function: Subprogram SITIME determines the stellar time
S? og zhe Greenwich meridian at Greenwich midnight of the given
RJD date.

Subprogram STT according to the known SC determines stellar
ggmedsg on the Greenwich meridian at any moment of time T on the
D date.

2. BStructure: The independent subprogram STTIMFE and the
subprogram~function STT.

Common units: /0SDIS/,,/CPL/5,/COMZ/,/003/,/BSO/ 5.

19
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3., Description of the subprogram STTIME,
Access: CAIL STTIMz (RJD, S0).
Raw data:RJD~-relative Juiian date.
Results: S0-stellar time on the Graenwich meridian in

radians( sog2sm ).

Use of the units CGCMMUN, Constants are used from the units
cm:r»xcm/ens.:rs/1 ,/03'1/3 (No. 4 of Table 2.2, No. 1 of Table 2.%).

Algoxithm:

SO = 6"38™45° ,836 + 8640184°,542 T + 0°,0929 T2 + 0,061164AY,
Ap= -T7,23sinQ ' .

Q = 259°10'59%,79 - 1934%8' 3I*,23T + 7",487° + OM,008073,

T =RID /36525, RID ' ‘

4. Text.

SURRQUTINE SYTIME( DAV, $0)

COMMON/COSJUS/LSJS

COMMONZCRIZPT I PI22,Pi2

T=2AVY/DSvsS » .
sonzsxvtt(.3675515-7010.362665636£-4-53.75?1&6253'T

. ) 46, 523601516

HNa8¢B, 33y

Nz=N/P]2

WeAN=NepR|?2
SO=(6.75§F'60T‘-195llﬁ'21'T‘1.739935°'.766}8 - ¢
N=So/pl2 PETAcSOmem
SC=50-NeP}2

RETYRN

END

5. Description of the subprogram«function STT.

Access: ST=STT(T).

Raw data:T is the present moment in time in seconds,
Moscow time.

Results: ST-atellar time on the Greenwich meridian in
radians.

Use of the region COMMCN: in the unit SOMMON/BSO/SO, TS,
N8 the following values should be initially placed:

Su-gtellar time at Gresnwich midnight on the date RJD,
T5=0, Ng=0, if T is calculated frrm the same RJD date.
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In most casas the RIDI date and the locking of time T can /25
be Tess than or equal to RID. If RIDI < RJD, then TS and NS
should contain (TS in secends, and NS in days) the interval of
time hetween the RIDI and RJID dates.

Constants are used from the units GGMMON/GOMZ/I,/GTB/l (%o, 14
of Table 2.% and No. 2, Table 2,2).

Algorithm, Stellar time ST is caleulated according to the
following approximate formula:

ST =80+wy(T -T5,-10800°)

where Wga 1ip the absolute angular velocity of the Earth's
rotation.,

S0~-is the stellar time at Greenwich midnight on the RJID date,

I- is the Moscow time, figured from the RJDI date, usually
different from the RJD (RJDIli RJD) date,

15=86400% (RID~-RIDI).
Text:

FART un STT(7T)
CHPLILESN/Sr TS
RURLOVAREVE S

VR R T T I oo T4 UV L
ATTES) =0 (o {vevear))
RETHRY

£

5.6 Transition from the Abi lute System of Ooordinates
to the Greenwich and the Reverse:
from the Greenwich System to the Absolute
(BO6-AGIGA,AGIGAT) '

1. Function. According to the known values x,y,z,vx,vy,vz in

the absolute system of coordinates, the subprogram AGIGA determines
the values of x,y,z,vx,vy,vz in the Greenwlch relative system of

coordinates; the transition back i1s also posslble: x,y,z,vx,vy,vZ
> X,Y,Z,Vx,V~,Vz. The subprogram AGIGAC makes the same conYersion
possible only with the c¢oordinates: X,¥,Z2 -+ Xx,y,z and Xx,y,z'+
X,Y,2.

2. Structure. Subprograms: AGIGA, AGIGAX
Common units: /COMZ/l,/CTS/l.

o ]



3. Access to AGIGA: CALL AGIGA (SO, T, Y1, 1,YR). /26
Raw data: T-Moscow time (in seconds).

SC-stellar time on the Greenwich meridian at Greenwich mid-
night; Yl -array of reference values of coordinates and consti-
tuents of “the velocitly vector; I-indicator of the transitiom.

I=1l during the transition from the absolute system of coordinates
to the Greenwich, I=2 during the transition from the Greenwich
system of coordinates to the absolute.

Resultis: 7YR.-array of values of coordinates and constituents
of the velocity vgotor in the resulting system of coordinates.

4. Access to AGIGAC: CALL AGIAC(ST, X1,1,XR).
Raw data: St-stellar time on the Greenwich meridian at
the present moment of time; xl.-array of base coordinate
values; l-indicator of the ooogdinate transition (which
both by its meaning and values conforms to the 1 parameter
in snbprogram AGIGA).

Results: XR--array of coordinate values in the resulting
system‘of coordinates.

5. Use of the area COMMCN: in subprogram AGIGA constants
are used from the units COMMCN/COMZ/,,/C13/, (No. 14, Table 2.1,
No. 2, Table 2.2).

6. Algorithm: a) transition from X,Y,Z,V_,V WV, to x, y,z,

Voo vy, v, 1s conducted according to the formul¥: 7
x=Xcesp +Ysinp , v,=V,cosp +V,sinP +rw,y,
y=-Xsinp +Ycosp, vg-.-vx‘sir.lf}+ Vycosp-w,x,
x=Z, ' Uy =V,

where [5-=50 + wa(\T _3}:)’

SO=-stellar time at Greenwich midnight.
W3-angular velocity of the Earth's rotation,

T--Moscow time /217
b) transitionm back from X9Y22yVys Vv, to X,¥,2,V.V 'V, is
conducted according to the formula: y J
X=xcosP -ysinp, . Vx = Ux COSH -, SINPH - ,Y,
Y =X sinp+y cosp, Vy =0, sinp + v, cOsp + 0, X,

In subprogram AGIGAC 8T=p “
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Sha=sd
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HETuRY
E

SUBRAUTINE aprvsant SToX1eteXR)
DINENSTON X1ED3) xR f
SHEGASC ST
SBES 1M g7

Antat2,1).1

N:&I(l)nsh
NRLLY=3r el leepayr(2)alh
xRi?)=ﬁ'(Ai~nP*ﬁ,
RRUSymype gy

3.7 Determination of Uoordinates and gonstituents of the

0 O0

LY VOoLeY 1n

10

aolutn _Hvys

£ Doopdinates

Aceording to the bBicmenta of Orbit

(yo7~m7Ang

1.

o Structure.
dommon unita:

SALL SIABS (A, YA).

Array A, containing values of the orbital

in the following cx.z(:d&:xz':a,,e,i,a,m.u.

3.

4.
element
be piven

5,
in the ab

b,

the wnit. /0GR/) (Ne. § table
The £o1lowing correlations are used:

7‘

Funotion:

Acgnas:

Raw data:

in radians.

Rosulta:
solute system of

Array Y

8

Subpropram K1ABS
/GGR/j.

, containing va

pordinates.

Application of the area COMMUN,

Alpgordithm:

§

e
[

).

according to the known clements of orbit:
a, e, L, auu, X.Y,E,Vx,vy WV, Qro determined.

A11 angles should

Tues of X’Y’Z'VX’Vy'Vz

£08

fdonstants are used from

car(cos Qeosw -sin Q sinwcosi),

Vo= (sin R cosuw + cos Qsinwcosi),

2 =7 sin @ osind,

|

T

ot
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Vi = 1(cos Qeosu-3inQsin u cos i) -V, (cos Qsin w +sinQ coswt cosi),
Ve =1 (sin Qeosu+cosf2sinu cosi ) -V, (sinfdsin e -cosQcosu cosi),
12 =V.sinuw siné +V,cosue sini,

where
r=p/(i+ecosv) , valt-Ww,

‘¢~=(y/P)'(” e sinv, U, =(u/P)"*(1+cosv), P=a(l-c),

tL~product of the gravitational constant intv the Barth's

mass.

8. Text.
GunRaLT S ELART (AN YY) qzv/n
SEL UL RN u(ﬁ.)."'(n),\'(ﬂ) vt gyangly
BRGNS ERR/GS LY R Ce)
Pl e, >~ ;“?).A(z), T RENESS
AEDVEA AY ALY NIRRT
30 1 grlae Tonn 4 um
Yz opsS{Aat =20 MJ'-Hs-unwlk)-m,)osnp i

G dentma i tagde)) 3 VAN m (U elti8) i es)alil])
ESENTR SRR 0 A omied
IO Yz ety 8) vX(J*'S)","(l)“','F‘-VfJ"S)""J
MSSAAT GRS 3 oNGdI=g 0y eR
Y=Y teatarenie?) Al21=24th)=A()
h=l, *,.(n)hi(".) RETHR )
*.,'“::\I“/“ i)
3.8 Determination of Orbital Zlements and the /29

Posgition of Points on the Orbit According
to Rnown Coordinates and Congtituents of
the Velocity Vector in the Absolute System
of Coordinates

(BOB~-ABSEL)

1. Function: According to the known coordinates X,Y¥,Z and
the constitutents of the velocity vector Vx’ Vy; VZ in the absolute

system of coordinates, the elements of orbdit a, e, 1, @, w, are
determined as well as their position in the orbit u.

2. Structure. Subprogram ABSEL
Common units: /CGR/l, /CP1/3.

Access: CALL ABSEL (YA, A).
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4., Raw data:
Array YAG, containing the values of X,Y,% vx,vy Ve
5. Results: Array Ag, which contains the values of orbital

elements in the following rder. a, e, ¢_ 32,'w. The values of
all angles are in radians,

6. Use of the area COMMON. Constants are used from units
/CGR/l,/OPI/3 (No. 5 of Table 2.1, No. 1 of Table 2. 3).

..,-/(2 k), k.-:rV/p. 'V -V,, +V5 +Vz,

X1+ Yi+ 2%, e = {1-k(2-%)cos? 0}""'
umG (AVX “"’YVy +ZV )/rV

L—ﬂf/z-arctgi—a——— O<ism,

2 2 2 /2
¢ =(cj+c, +Cy)

7. Algorithm,

?

C, Rsin @ cos@
9 =aretg <) v = m-ctg % cosia-1 ’
) La . O -

u=arctgw W=U-V ,

»

= product of uhe grava.ta*‘ional constant into the Barth's mass. /30
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8, Text,
CURRGUT {ME ARSELIX,a) XIATETAY
Cl‘\ENS!O" ALY, Al6),C0L),S04) “-(?}'-’!:(:3
AInguSigh vesy L clry=ce3s
CONMON/CRR/BR . QL pUN/IV
! [aX3 wlrn A
TLOBNONSCE (/PPN 2,012 Fe=i,=5g~"1
'y - vED el
t:: :‘.‘.)=°y".
hadiRY)
s V=0 ctR3Yzhenqel,
0 1g=), .“7‘):5!.,3”(:.,-"» 6
n:g(')n;(d)m PR Y Y AR L AL |
vExrJeXyeN s Yol FepYe=0( 2
=9
N N P RS A gLl
rzSARTLP) 1Ftr(JdYYe, »
ez te/op el LIPS Bl S AL AR S Y
_"raqq*th : ceTe @ !
"roa2 Jely) Loztaervmaay Ladenty
;-;:M;)/;*. AR R
N EPSEEIENES RSP LA S
cry)sVLzIeN (S ey (3o (D) ©opftataesiaT,n,
st YNI eV LYyl ) eyt s) LN I RN St
TRABIEVI e Ry ey gy ) 3 orpaTL .t
cliz tvc“\Qﬂ('}).c(n).p(B)“" f“(,\f"‘-y!:-"i .
rEESART (TN R A ER R )
“ | .)"" L R R R A
SO N N R
T I R AR B e el
:} :“‘0’;):’;(3"x(g)/""_r(:\)Ot l)/r'; * :’i I:u -’
teomravEsSaaT(a(l)enilyer t?urf:t)) 1V TFEe

3.9 Standard Array of Initial Conditions
(BO9-TRDATO)

1. TFunction. Subprogram TRDATO extracts from the initial
condltlons, which are given in the standard form, information whnich
is mecessary for conducting navigational computations.

The initial conditions can be given in three forms: as the
elements of orbit; as the coordinates and constituents of the
velocity vector in the absolute (b) and Greenwich (c) system of
coordinates. We will designate as PN the array which contains
the initial conditions in the standard form. There are 12 ele-
ments in this array. In all three cases the first four elements
and the second elements of that array contain the following
parameters:

PN(1l)-the number of AES and the launching date in the form
of a decimal fraction, the first three numbers after the
decimal point are the number of the AES, the following six
numbers are the date (the year is 1nd1cated by the last two
numbers) ;

PN(2)-the current date in the form: C.DDMMGG, where DD is
the day, MM the month, and GG the year;

26



PN(3)=-the number of revolitions;

PN(4)-the present time in the form O.HHMMSSDS, where HH is
the hour, MM the minutes, and SSDS the secouds and fractions
of seconds ;

PN(11l)~-is the ballistic coefficient (m3/kgseca).

The rest of the elements of array PN are different for all
three cases.

In the case a):PN(5) is the Draconian period in minutes,
PN(6)-the semimajor axis of orbit (m).
PN(7)-eccentricity,

PN(8)-angle of inclination of the orbit from the equator (degrees),
PN(9)~vertex of the orbit (degrees),

PN(10)-argument of perigee (degrees),

PN(12)-minimum altitude of the orbit (m).

In the case b):PN(5)-PN(10) contain respectively values X,Y,
ZVyrVy oV PN(12)=2

i
Z

In the case c):PN(5)-PN(10) contain values XY 3By Vy s VoV, 3
PN(lZ):'—‘l. y 4

In both cases the coordinates are given in meters, and the
constituents of the velocity vector in m/sec.

In the work results of subprogram TRDATO the angles are trans-
l1ated into radians, the time into seconds, and the calendar date
into the RIJD. The stellar time is determined for Greenwich mid-
night on the current date, and the initial conditions are converted
into all three systems of coordinates. /32
Dimensional quantities are converted into the system of units
given by the scale factors: IM, ESEC.

Note: If EM=1l, then the initial conditions remain in meters
and seconds.

2. Structure. Subprograms TRDATO.
hAzcess to the peripheral subprcgrams: DATDAY (BOl), HMSSEC(BO3),
STTIME(BCS), AGIGA (BO6), EIABS (BO7), ABSEL (B08).
Common units:/CDEGR/y, /CBE3/,,/CC60/;.
3. Access:

CALL TRDATO (P¥, NSP, D4, RJD, NB, T, TD, SB, B, SO, 4,YA, YG, EM,

BSEC) .
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4, Raw data: Array PN.,, which contains the initial condi-
tions in one of the three foifis described in p. 1;

EM, ESEC-scale factors,

In the case of a, it is necessary to make the value of A(6)-u
(most often the initial conditions are given in the point of the
ascending vertex of orbit, where u=o).

5. Results: NSP-the number of the satellite;
DZ-the launching date in the form: O.DDMMGG;
RID-the current date "‘as the relative Julian date;
NB=-the number of revnlutions;
T-the current time in seconds;
TD-the periocd in minutes;
SB-the ballistic coefficient;
B-minimum altitude of the orbdit;
S0-stellar time at Grzenwich midnight on the
current date;
Array Ag-which nontains the elements of orvit
c:,e,'U, S2o w,
(angles in radians);
Array YA-.-which contains x,y,z,vx,vyvm;

Array YGg-which contains x,y,z,vx,vv,vz.

6. Use of the area CCMMUN: Constaats are used from the units:
/EDEGR/],/CE3/1,/CCG¢/1 (Nos. 2,5 and & of Table 2.3).

7- Text.

Sy gl ’::’\:‘.7(\(0”,”50,PZ,I)T,']E'T-TG,Sﬁnih SO) By KA XGo
& F'"yvBSEC)

VIOLS I PHEL2Y s ALE)aXATAY NG G)

VIR TA PO W I -
DD 1 ACNEGR FAESR

SN GehU /e 8y
SAaLL aATHAN IRt N .
L ahsgha e, FYRIETITRET S WA
T=r/ESLEC § XAUJU+3)=pNlge?dpV
TR¥IICLYRED CALL AGIGAISAT XA, ¥R
USPETR 7 GALL ARSELUXA»A):
VLELTR=NSP) TREU
VEEALRLES hWed
SREMyC L)/ V78 G078
HhEIPl dYe, L I N N
SALL STTIaE(-="rSQ) AtddI=rLt+2)/DEGR
TESOTN I N PO S AtMY=p tRY/EN
Irtu=-1 3,08 Ardyepnt
Cong e g=L, AlO)=a(6)/DERF
LRy En g eg ) /B TampRl ) GhY/FSED
h o NntgeAdeetsa?y sy Bl gy 7ENn ,
SALL ALT3a08n  TaNhi?yN%) CaLL ELARSLA,¥Xa)
“aTa 7 Calll, ACIGALER ) TaXA L, XR)
Y OIFtHad} 5,205 RETURN
S e gmt, EnY
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%.10 Altitude of the AES over the Harth's
Surface, the Geographic lLatitude
and Longitude, the Geoncentric lati-
tude of a Sub-Satellite Pnint.

-GBOGRS, HEIGHT, GCL

[a]
ts g

1. Punction. Using the known Greenwich coordinates x,y,z,
of the AES, the subprogram GEQOGRC determines h--the altitnude of
the AES above the surface of the Xarth's ellipsoid and, @, A --
the geographical latitude and longitude of the sub-satellite
point; subprogram HRIGHT determines only h; subprogram GCLTIN
determines \Pge » A the geocentric latitude and longitude of the
sub-gatellite point. For subprograms HXWIGHT and GCITIN, x,y, and
2z can also be given in the absolute system of coordinates; in
this case there is the right ascension of the AES.

2. Structure. Independent subprograms:

Common units: /C E/a,/CAEL/I,/OC?Z/I,/CP1/3.

3. Access:

CALL GECGRC §x,r{o LA, ALN, XNG),
GALL HWIGHT (X, HC),
CALL GCITIN (X, ALTC, AIN).

. Raw data: Array X3, which contains the values of x, y, 2z
(for GBOGRC only in the Greenwich frame of axes).

5. Resultsg:
HC-the altitude of the AES above the surface of the Farth's ellip-
soid; AIT, AiN-the geographic altitude and longitude of the sub-
satellite point; array XNGz, which contains the cosines of the

peripheral standard which 1s directed towards the Farth's ellipsoid;

ALTC-the geocentric latitude of the sub-satellite point.

6., Use of the area COMMON.

In subprogram HEIGHT constants are used from the units
CCMMON/CAL /o ,/GAE:A},/CCZ:’/l/CP}.é (Nos. 11, 12 and 13 of Table 2.1
and No. 1 of Table 2,3), in“subprogram HEIGHT constants are used
:}‘g%rln/units: /CAI:‘./Z,/CAEI /1 and ia subprogram GCLTLN from unit

. 5

7. Algorithm

her-ae+aeazr?,

¢ =arcig {z/r (1-a)'}, -m/2<¢<n/2,
AzArctp (ys/x), O <Ac2m,

2 2 z
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Qeg, & -is the semimajor axis and the contraction of the Earth's
whole ellipsoid.

cpacaarctg(z/r,) -the geocentric ’latitude.

,’,-x(l o )? /Ts, y” =y (I-ot) /rz, =Z/7
where x;v y:.z" the cosines of the peripheral standards directlng
towards the Earth's e111psoid

7, 3{1" (‘ a)“"'z’}‘m
8. Texts.

SUSROUTINE Ggﬂtac(XvHO'ALT'AL“’xE’
conuovrchZJFLz

. CONMON/CAEZAE A
CoONNON/ZCPIZPYsPID27pT2.
comiian IOAEL/AEL
DIMENSION UG2)ecUT2) X 16) 9 4ELS)
R12= xtl)oxtl)*XtZ)'x(Z)
WeXi3)eX(3)

. R2=R12%W .

‘ Nc=5q37(88)-“e#aEL'w132 SUBRAUTINE HETGHT(Y, HC)
cu:i:-*!;: : (r12) TRIHEMSION Y(AK)
cu SCLZ*SQART (R ’ CONNDY /CAE/ZLE A
SMESART (WeLU(2)bEU(2)) CDMHQN/CAEL/AEL -
00 1 y=1,2 Hzvlz)ew(3)

frtéurgrra.s,2
3 U(J)~slGNlPID?ox(J*1))
5070 &
Utddt=acantxtiyely/cucyd)
KELII=g)ec L z/w
CONTINUE '
xg(j):x(})/w
ALT20(2)
ALNSL )
JFICULX))B06,6
ALN=ALN- P
I1FP(ALNYT,8,8
ALN=ALI+pl2
REYURN
End

R2ZMey ()oY (1Yo y(2)ey(2y, -
HG=SART(R2)=pAp+AzLel/R2
RETURY '
END '

—en -

b BRI - SRS

SUBRAUTINE G0 TLRIVIALTALN)
common /CP1/P1aoID2sp12 .
DINENSION N(3)
RLESARTIV(L)eul iV vy (2)ay(2))
ALY=piS2
IFCRYII P12
pLY=aATAN(NI3Y/RY)
1 ALNSATAR2ZIYI2Y»y(l))
TFLALNY S, 6
ApNzALLieP TS
4 RETURN

Eny
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CHAPTER 4
POSITION CF THE MOON AND THE SUN
(INDEX C)

2

4,1 Position of the Moon

1. TFunction: The subprogram determines the positior of the

moon in the absolute geographical system of coordinates for the
moment of time which is given by the relative Julian date and

Moscow time in seconds.

2. Structure. Subprogram SEIENA. ,
Common units: /CRE/l./CSDAY/l,/ﬁT3/l,/CDSJS/l,/CPl/a,

%, Access: CALL SEIENA (RJD, T, X9, RS).

4. Raw data: RJID-relative Julian date;
T- Moscow time in seconds,

5. Results: Array XS3, which contains the direction cosines
of the radius vector of the”Moon in the absolute system of coordi-
nates; RS-=-the module of the Moon's radius vector.

6. Use of the area COMMCON. Constants are used from the

units:
/CRE/y ,/GSDAY/y,/C03 /1 ,/CDSIS/,,/CPL/3 (No. 9 of Table
2.1, Nos. 1,2,4, of Table 2.2, No. 1 of Table 2.3).

7. Algorithm:
.
X =coso cos§=cospP, cosi, ,
o . . v .
Yg = sin o cosd = cos pysinA cose-sinp, sing ,

o . ’ ' ‘
Z¢ =8ind  =cos Py sinAg sine +sin pg cose .

In accordance with Brown's theory of approxi
, mation 3
in [ 7] , which guaranteeg a prediction of tgg Moon's poéi§§3383§§§
an accuracy tn 30", the following correlations are used: '

6=23°27'08,26 ~46,845T~C,0059T %+ 0%00181T %,
¢ =296°06' 16,59+ 477198°50" 56, 79T+ 53',’097’2+ 0", 0518 Ts',-
£'=358°28' 33,04 +35999°02'59" 10 -0 54 T*- 0701207 >

F=11°15'08",20 +483202°01'30,547- 11" 56T 00012 T2

-y

1 ]
’
'
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D =350%4" 14795 +445267°06' 51348T =517 T°+0.0068T % 431
A;=270°26'02:99 +481267°52 592347-4;0,ST’+0.006373+
+22639,58 sinl -4586",438 sin (£ -—215) +2369",899 sinQDf
-;-7697', 021 sin2¢ - 668", 944 sin€'-414",614 sin2F - |
-211", 658 sin (2£-2D) - 206,219 sin (£ +£'-2D ) +194, 954 §a‘n(g+2b) :
165,351 5in (€'~2D) +147",878 sin (£-¢£')-124 ,78% sinD -
-109",804 sin (£ +£') - 55", 174 sin (2F-2D) - 45,100 sin(€ +2F) +
+39",532 sin (£-2F)-38",428 sin (£-4D)+36" 424 sin 36 -
307773 sin (2£-4D)-28', 511 sin (£-£'-2D)-24",451 sin(£ +2D);

Pe =184 61,480 sin F +1010",18 sin (¢ +f7) ~999:69%5sin{F-£)~
~623", 658 sin (F-2D) +199",485 sin(F+2D~£)~166",577 sin(+F~2D)
+117"262sin(F +2D) +61", 913 sin(2£+F)-33",859 sin(F -2D~£ )~

T, =5422"7 +186",58 98 cosl + 34" 3117 cos(£-2])+28,2333c0s2D
+10"1657 c0s2¢€ +3",0861c0s (£+2D) +1,0202 cos(£'~2D) +
+ 1" 4455cos(L+E'-2D) +1" 1542 c05 (£-€)~0,9752 cosD -

"
~0%9502cos(£+£')-037136 cos (¢ ~2F) +0,6215¢08 3¢ +

+ 076008 cos(£-4D);
Z,=206264"81R5 / T,
where‘ Rs is the equatorial radius of he Earth.

T~RJD/36525,
RJD relative Julian date in days,
T-the same interval of time in Julian centuries
£ -the median anomaly of the Moon,
£ -the median anomaly of the Sun,
F -the median argument of the Moon's latitude,
D -the difference between the median longitudes of the Moon

*

47 and Sun, /38
v ~the Moon's longitude,

Pe ~the Moon's declination,
- -the Moon's parallax
€
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8. Text. )
SUBRQUTINE SELENALDY, TS, R)
DIMENSION 5(3!r1¢32$p0t17)
COMMOLN /CT3/73
COMMON/CPLI/ZPLIPID2,pt2
COMMNON/CNSJIS/DSIS
COMMON/CSNAY/SOAY
COMNON/CRE/RE
TREDT/D5.)5*(T=73)/5Da¥/pSJS
SO0, 87 78127483E~80The,288040072E~T)e TR

..n271109695~))01R' 6C9319785) !

wsasza 491*YR

HEy/n12

UzWeyeny2
AlwY=({,29L1334R87E=60TRs 1000424807 F~3)0TR
.- e, 0556971 E~3)0rped 168000347 W ’
1=028,301°TR

N=W/pid

ED LRI AR S
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4.2 Position of the Sun

(C02-SUN)

1. Function. The subprogram determines the position of the sun
in the absolute geographic frame of axes for the moment of time, which
is given as the RJD and as Moscow time in seconds,

2. Structure. Subprogram SUN.
Common units: /CAED/]’/CSDAYM’/CT3/1,/CDSJS/1,/CP1/3,/BIECL/2



3. Access: CALL SUN (RJD, T, RS, AS, BS, XS).

s, ﬁaw data: RJD-relative Julian date;
T-Moscow time in seconds

5, Resujts: RS-the module of the Sun's radius vector; AS, BS-
the curresponding right ascension and declination of the Sun; array 449
XSa-directing cosines of the Sun's radius-vector.

6, Use of the area COMMON. Constants are used from the units:
/CAED/ ,/CSDAY/ ,/CT3/ /CDSJS/ ,/CPI/ (No. 1 of 'Table 2.1, Nos, 1,2,
4, of Table 2. 2 No. 1 of @ab]e 2.3). Into the unit COMMON/BIECL/, are
dispatched the values cose ,8iNg , which are defined below.

Q =239°10'59"79 ~1934°08'31", 237 + 7748 T 2+ 0",008 T2
e =25°27'08726 -46"843T -07,0059T *+0,00161 T3+ ¢", 21 cos 2 ;
¢,=0,01675104 =0,00004 18T -0,000000126T >,

7. Algorithm
o = Arcig(sinkgcose/cosAg) (0,001164. |7A\,:) -20",496

5o-arctg(smkosme/(co§7\.9+ smz}\ecos e)"’) 207496 sine cosoLy;
Ao = A +2eosm(k -n)+%4 eo sin2(A-x);

ro= Aol e cosM,+e} (1-cos2M,)/2};

7 =281°13' 15" +6189%,03T + 1,63 T2+ 0712T>;

Lw=-17,23 sinQ; ag=l ,00000023 a.c; {ae. -Mgéooooo;m

M=A-x A =270°41'48" 04+129602768 13T +1°,080T>
where T= RJD/36525

RJD-relative Julian date 1n days,
T-the sagg interval of time in Julian centuries,
X, =cosa, cos O,

O
Y, =3inoeg cos 9, ,
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CHAPTER 5
MODELS COF THE EARTH'S ATMOSPHERE
(INDEX D)

ORIGINAL PAGE IS
OF POOR QUALITY

5.1 The Standard Five-Iayer Model of the

density of the I
altitude above the

1.

2

3.

4. Raw data:
5. Results:
Use of the area CCMMON.

Barth's Atmosphere
(DCI-RO)

Subprogram RO calculators values for the
arth's atmosphere p at the point given by the
arth's surface.

Function:

Structure.
Common units:

Access:

unit /FHA/QO (Table 2.4).
7. Algorithm

\

\

e tmpit s i ar

0

where h is the altitude over the Earth's surface, ~Ac 'klae

.sA[exp(k.(h—h.

Subprogram RO.
/CHA/ 5.

RO (HC1P).
HC=-altitude above the Earth's surface.

P-the atmospheric density.

)2k (h-hy),

‘2

Constants are used from the

kec -

are the coefficients depending on the altitude (Table 5.1)
TABLE 5.1 Values of the Coefficients Aj k“ ”&Zi .

T hi <h<hi) [ALKT S Ry () | Ry (i)

I' I00C00<A< 150000 | 0,414 I6™° |0,1469 I0~° |0,I767 I0-%

2| 150000<A< 300000 | 0,2173 109 | 0,8004 10~10)0,3734 1074
3/3000000=#1< 600000 | 0,486I 107X | 0,7111 107X |0,1547 10~
4|6000000<f1< 900000 | 0,8904 10~ | 0,1831 101! |0,9275 105

5| 900000 0,6497 10-14 0,5540 1070

. i Yy s e
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s\‘f’f{d\l’f 1K Batim,9)
C":.'m:\n's/(‘.(.\/n;,z‘i? PALIS)Y iRl YD), 00 (3)
O=L

Inddalshd

IFbig=nnturin, i,

[=1+}

CANTIUE

TEDNSE R PSS
PEAACI)®ESUP (DL 1Y omeR2(]) ) ow)
RETURY

8. Text.

WIS *e

5.2. Model of the Earth's Atmosphere, with a
fMalculation for the Influence of solar
Radio Emission at Wavelength 10.7 cm
of Geomagnetic Disturbance, Daily and

Semiannual Lifects
(D02 YRk, DENE)

1. Punction. According to the given positions of the point
and Sun, and according to the values of the indexes Fjoe (the
intensity of solar radic emission at wave 10.7 cm) and ‘ap
(three hour indexes of the geomagnetic disturbance), the subprogram
DENS determines the atmospheric density at the given moment of time.

Coefficients of the model of the atmosphere are chosen with
the help of subprogram VKMA depending on F,, the mean level of
solar activity.

2. Structure. The packet of subprograms:

VKMA, DENS,
Peripheral devices: printer
Common units: /AKOEF/SO,/SYEAR/58.

3. Access to VKMA: CAIL VKMA (F).

Raw data: F-the mean value of solar activity.
Possible values of F: 75, 100, 125, 150. If F differs from the
indicated values, then a stop should occur, whereupon the printer
reads: "F incorrectly given."

Results: Into the unit COMMON/OKOEF/A(58), are sent values
of coefficients of,?be model according to Table 5.2, and into the
unit COMMON/SYZAR/F'z8 is the set of numerical corrections on the

i-semiannual effect accordine to Table 5.3,

lAuthor of the subprogram M.I. Voyskovskiy.
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4. Access to DENS:
rALL DENS (HC,X,Y,Z,SUN,AP,Fl§,,D,I,R0). V
Raw data: HC-altitude above the Zarth's surface in km; ./44
X,Y,%,~directing cosines of the radius-vectnr in the
absolute system of coordinates; the array SUN, which
contains the values oty ,09 (right ascension and declina-
tion of the sun in radians);

AP-the value Cp at the moment of time L'ZXE%,, where

t is Moswow time (for isolating the calculation of the
influence of geomagnetic disturbance it is sufficient
to let AP< 0.5);

F1¢7—the Fyp.» at the moment of time ¢-At, where
t is Moscow %ime (for isolatving the calculation of the
influence of solar activity it is sufficient to let Fyj,

< 0-5);

D-the date and Moscow time in the form of the number

of days from the beginning of the year (for isolating the
calculation of the semiannual effect it is sufficient

to let D<0);

7

I-the parameter controlling the calculation of the
daily effect (DE):

if T <0, +then DE is considered memberless with the
coefficient C%;

if I=0, then DE is not considered;

if I>» O, then DE is cousidered in its entirety.

Results: Array Roé, which contains values of five factors,
2 C

each of which takes int onsideration its. effect in the modes
of atmospheric density (see p. 6) and the value of the démsity:

RO(1) =k,
Loit)=E, . RO(B)=R,, RO(4)=R4, RO(5)=py, RO(6)=py R R, R K,

5. Use of the area CUOMMON:

In subprogram DENS coefficients of the atmosphere model and .
corrections for semiannual effects, whose values are assigned by
a preliminary accessing %to subprogram VKMA, are used from the com-
mon units /QKOEF/5O and /SYEAP/SB.

6. Algorithm
The density p is calculated according to the formula:

p-_-_-PH-ﬁikn [qﬁ"tzé , Wwhere 5 is the nightly vertical /45

W
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¢ '0ss section of the atmospheric demsity.
-is the factor which allows for the influence of measure-

ments of the intensity of solar radio emission F at wavelength
10.7 cm relative to certain mean levels of solar radin emissiom.

k2-the factor which allows for daily effects in the disper-
gsion of the atmosphere,

k3-correction for the semiannual effect.

kij-the factor which allows for the correlation between
changes in the atmospheric demsity and geomagnetic disturbances.

fo = c@p(@-a, (h-a,)"?);

Ry= 1 4(by+byh)(F-Fo)/F, ;.
e 'f'(Ci “Cyti 2 exp(-fh +c4)z/c2,))(cnsm’ Y, /2 we cosing, o)

Ra=1+(A, +142“/;)i4 d); 2{ =+(e‘+e2£7) {n (apra,;,
where  ecs iy, =Z sin By+cos0y(X cos v, + ¥ s1n1y,)
cos , ==Z°sin 69+00550(X°cos Y, +Y Sin 7,)

V|=a§>+q’l ) Yg"-'a’o“'cpz ’

v

[}
‘

i ~-the altitude above the Earth's surface.

. « .0 .c-%the directing cosines of the radius-vector of a point
A w1, £  in the absolute system of coordinates,

®5.9 -the right ascension and declination of the Sun.

d -the date and time in the form of the number of days, counted
from the beginning of the year,

A(cf)-correction for the semiannual effect (the vwlumes of are

shown in Table 5.3, with 10 day incremevnts of time, the inter-
mediate moments of time A(d) exists as a linear interpolation),

| F -the intensity of solar radio emission at 10.7 cm, /46
4y =the three hour index of geomagnetic disturbance. T
The values ¥ and &p should be at the moment of time,
f'espectlveh.l:‘ tp =t-AT,- and 'tap=t"ATap wheze t
s Moscow time, 4§tF and ATag, are the "time lags" of
changes in the density of the atmosphere which correlate to a
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corresponding change of the quantities F andQ, . The values
At g, 894 AT, are shown in Table 5.2, and also are Atp(
and,,AtaP, the duration of intervals in the course of which the
quantities F and ap are maintained by the constants and tabular
values which are equal to them,
In table 5.2 are also the coefficients of the model: @,,q,,%;,

by, by,... 8 which depend on the mean level of solar radio
emlssion I"o.

Table 5.2 Values of coefficients of the atmospagric deelldapenciing
on the mean level of solar radio emission F 10 W.m™“Hz™ (vnits
: coquvll)%‘i/imiow/caf)o) )
{ nat1ogns @ (i) QL) QLY QL)
I Fo | 75 100 125 150
2| a, |-14,080 |-I5,095 -17,028 -16,072
3| a, 0,9108 | 0,8229 0,7198 0,7155
4 a, | 59,7 68,92 93,36 70,33
5| &5, |-0,630 |-0,750 -0,710 -0,765
6| b6, | 0,00506 | 0,00560 0,00562 0,00571
7| e, | 0,I30 0,I72 -0,274 ~0,247
gl e, |0,00014 | 0,002I7 0,00257 0,00199
9| c, |3,733 3,784 4,048 4,698
10| ¢, |-607,95 |-566,IL -632,63 107,58
{II| c, | 189,85 | 200,87 230,76 278,35
12| ¢, |-0,04I  |-0,047 -0,038 -0,0I2
13| m, |42 4,1 4,4 5,2
|14 m, |6,0 6,0 s.g s,g
5| @, |37°4 |34°° 34°/5 33°,8
6! ¢, |325°%9 |318°%0 308°,0 322°,2
w| A, }0,602 |-0,526 -0,513 -0,607
18| A, |c,00869 | 0,00636 0,00831 0,00870
19 ] ¢ | -0,08 0 70,180 -0,128 ~ '-0,IIb
20 | ¢, 0 00108 0,00L04 0,00095 o 00089
oI | Aty 09 3gh 39: )
22 | ATq, 10 5 I(:?S i?],s | i?::
24 51,; 1” 1h h b
1% | ap | 2 2 K 4
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Table 5.% Corrections for ‘the semiannual effect in dependence
on, d and the number of days since the beginning of
the year (unit COMMON/SY®AR/P(38)).

RO i 1 d P(i)=A(d)
L ; Y =D,087 20 | ISQ -0,I72
i & 10 ~9,083 gl | 200 -0,180
3 ¢ ~,094 22 | 210 0,183
4 | 30 -0,088 23 | 220 - -0,179
5 | 40 ~0,0:3 24 | 230 -0,163
6 | 50 ~(3,008 o5 | 240 -0,133
7 | 60 0,038 25 | 7860 ~0,085
i 8 | 70 0,050 |1 | 20 -0,018
- - ¢,I123 28 | 270 ¢,059
el 0,132 23 | 280 0,123
I | 100 0,125 { 30 | 290 0,161
I% | 110 0,099 3 | 300 0,170
I3 | 120 0,059 32 | 310 0,156
14 1130 0,017 33 | 320 -~ 0,II9
15§ 148 0,027 34 | 28 0,073
1 150 ! -0,085 88 | 840 0,027 -
B - T ¢ 36 | 350 ~0,023
18 | wo ' 0,738 37 | 889 -0,055
I5 . I80 -0,156 33 | 370 -0,078
- - . on . PO “d

o Text,

-3

SUBROJY IR VHps o F)

CLMONS OROET /IR0 /SyEL:/9{38)

TIMESSIONY R{1LE .Sy 3s) .

IOV g1 S;",UD7.-."“"r',Q‘i;»"wDF}Ov»'05,1,"*\‘&55503‘}!,09:,12’,

- .,‘..:53;ni?f‘r.t.f:“?:,ﬁ)wx-:}1"".\)?’0‘,‘:‘&“‘",}f’S"5135i"-150.
- ~.1?2--.150'-Aéh:‘ELT?v-.§53o“.i33;w-055'--b16'.059,.1231
3 X8 e LTy L S, 118, LT3, 00270 .523,-,05%,-.0787

R R,"’E;'-lfn’?w-9'196,50.77'?,&37-S-’Jﬁﬁﬁ.l.l'&'[‘v90001‘“307330
1 ~337.75,13° TEae ALk 206 L5 LL325.05..6U2,,0080Y,

b -:}_3.{;'.'\,;‘:1‘;31’."‘: il;.‘;‘n‘v,'1,-v?.atJ‘Q‘U.-n“lﬁ,US’DO/.52991°’3~92:
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YOELT, B TBUy 566, 10,800,597 0Ll 0b, ]
f,-2».?:315.n~,526..00636»-o13r00010‘ 290030.51 4,0 10020,

; Litwet TLTIUPES 719809303600 715 0058205, 27060 (002574, 0hpy
¢ 532083, 230,16,=00350b06i8,9,3b,5,308,,=050%,,00650,
7 ~s1280,0009%:,39,010,% ﬁo'l.'3°'15°0"1* 074, 71583:70433,
a 765..uue?x.-.za7..00199'~v69”0~7°7 59,278,35,-,012:8,2 !
S 59,33, 89322,2,=¢6071,0087,=,115%1.00089, ’9°'1°"""1"‘ '’

NI b \3'-1’,8
e PLAIRE(Y)

0 0> [®4,130.25,
.zr‘AESQR(X"F)° 1) 2,303
2 CONT,HUE ,

PRINT &

CETUPR d UR
+ FORMAGT (’rEBCPHO 34AAHO ¢") 'GINAL PAGE 1S

L1424 4 OF POOR QUALITY
Do 5 K=isL '

Hak=p ey

2 opiNI=R(IR)

RETURN

ENG

bt

SUBRAUTI4E ORNS(HI %)y sZ SUN, 4P, ¥L07,D 4 ISUT,RO)
DINENSION ROCA),VIB),Slin¢2)
COM'ION /RXOEF/R(50)/SVEAR/P(38)
C4=0, -
PIs3,1419926/180,
uon 7 ou=
T-ROtJdry=L,
RDISY=EXPIG(I2) =R iy uSARTIFrE4)))
[F (aP=,y5) 2,241 '
ROEIIZL w(Q110)+R(20)uR)I#ALOG (4P/QIR5))
1 (r197-‘>‘ X13s 0
REVZIZL o lRIS)en( 6V eylo(=1eF107/G(1))
IF (5) B5,6,¢8
ISTHT(D/100 )
Rat3)=angh (n.l%.3/7190.
ROCII=PUIIS(nILat)=prl))okntd)
ROUIIZL,»RO(SIO(QILT?YI®R(LAIOH)
ASSIny 11 To M
IFtisyt) 849,10
15 ASS1%M 12 To M
TS V(LITSINISUNL2))
VE2Vy=c0S(SUN(2))
Rﬂ(a;:qc;>+a<a).ufu<91ve%p!-t6H*ﬂt10>'/R<11”'°"

Qv LY I R e

w

Vs =CO5(Visy:

S1z2aytlley(2)e(Xnylé)ysyey(dy,

2120(1,+VIN)) /2 %ulR(130/2,)
TO el LLlsg2)
“rzsumM(lregtlérepy

3v=sINiv i)

LIECOSIYIL))

FeIeylitey(2reiRev(4)eyey({3))

AEILL,~0h)/70, JewlQ(1b)/2,)

n=a(13>%6¢

e

)
ne
DO GO F S ed D
Qem‘s“c’

15 ROLGY=:  »RUTLIC(VIS)IaLS) . :
9 Rn(o)ngo{b>waa(h)°po(3)opn(2)”?0(17
RETURN
END

4y
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5.3 Yakkia-72 Model of the Earth's Atmosphere /49

1., TFunection. Acording to the given location of a point, oy
the Sun, the values of T 07"k at a given moment in time
determine the temperatur% at i’given voint, the exospheric temp-~
erature, the densivy of the atmosphere, the number of molecules
of nitrogen, oxygen, argon, helium and hydrogen in a single voume,
and also the mean molecular weight of constituents of the atmospheie
(presuming that it consiste only of the elements listed above).

2. Structure. Subprogram ADEN,.
Internal access: AMBAR, GRAV, TLOCAL.

3. Access:
CALL ADEN (AMJD, SUN, SAT, GEO, TEMP, ALION, AMHW, RHO).

4. Raw data:
AMJD-date & time in modified Julian days and fractions
of days;

SUN-the array which consists of tws elements:

SUNﬁlg-the direct ascension of the Sun in radians,
SUN(2)=the Sun's declination in radians;

SAT-the array consisting of three elements:

SAT(Ll)=the longitude of a point in radians.
SAT(2)-geocentric latitude of a point in radians;

SAT(3)-the altitude of the point in kilometers:

GEC-an array consisting of three elements:

GEOElg-the value of the index (F 0 (the time lag-1.7 days),
GEO(2)-the value of the geomq@ét& 7" index k., ,
considering . P Tup /50
that 3 =2.667, 3" =3.%33 and so forth, the time delay® —

=0.279 days.

5. Results: TEMP-an array consisting of two elements TEMP
(1)-~the exospheric temperature over a given point (in XKelvin
degrees;; TEMP (2)--the temperature at a given point (in Kelvin
degrees).

N
ALION-an array congisting of six elements:
ALION(1l)-commop logarithm of the number of nitrogen
molecules in 3,

ALION(2)=common logarithm of the number of oXygevn
molecules in H ,

4LI§§(3)-common logarithm of the number of oxygen atoms
in H

lThe subprograms used are from [ 6 ]Jand were tested and modified
for a high speed electronic computer BESM-6 by Ye.Ye. Ryazanova,

5



ALION(4)=common logarithm of the vumber of argon molecules
in M
ALION(5) commog logarithm of the number of helium

Ki%oﬁ%%?s gmmon logarithm of the number nf hydrogen mole-
cules in M

AMHW-mean mo“eculax geight,

RHO-density (in Xg/m?).

6. Due to a lack of space therc can be no deseription of
the Yakkia~72 atmospheric model or of the texts of subprograms
which were published in [6],
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OHAPTER 6
ANGMALIES OF THE SARTH'S GRAVITATIONAL FIRID
(INDEX )

6.1 The Acceleration Vector, Dertermined
By The Influence of Anomaliies of
rarth's Gravitational Field

jo) - ::: 9 ]’3(} ) ::SG’4e

1. TFunction., ‘For a point in space fixed by the dreenwich
coordinates: x,y,z, one determines the constituents_ﬁ%%f é&g and
Luiap £ 0f the acceleration vector which 18 specified ¥ theS¥hflu-

éuéémﬁf anomalies of the farth's gravitational field 1.2

4382 --the radial constituent of vector g (project
on the radius-vector of a %oint with a minus sign), i
the merdional constituent (the meridian directed to the mnorth),

ARy _the projection of <k on the perpendicular to the
plane of the meridian (directed to the east).

Supbrogram DEG2 determines the acceleration vector which is
determined by the influence only of zonal harmonics of anomalies
of the ¥arth's gravitational field. Subprogram DEG3 determines
the acceleration veetor, allowing for the influence of zonal,
tesseral and sectorial harmonics of the Barth's gravitatiomal
field. Subprogram DiG4 determines the acceleration vector allowing
for the influence of only the harmonics 22, 30 and 40,

2. Structure. The packet of subprograms:
DEG2, DEG3, DEG4. ,
Common units: /RAD/2./ORZ/I,/BC&NGR/545,/GA22/ﬁ.

3., Access: CALL DEG2 (X,DG, NM),
DALL D2G3 (XG,DG,NM),
SALL D3G 4 (XG,DG).

4., Raw data. Array XG3, which contains x,y,z--the Greenwich
coordinates of a point;
NM-the number of harmonics considered (NMZ 22).

N
N
N

|
I

Note. Whnn accessing subprogram DEG, one may use coordinates of
a point both in the Greenwich and abgolute system of ccordinates,
5. Results. Array DG, which contains the components:

Agfrégm,%gt of the acceleration vector.
6. Use of the area COMMON:
Before accessinz any of the subprograms it is necessary to

1
put the values Rm(x2 + yz + zg)” and, I?f.fl,--=():z+yg);’j into the unit
COMMON/RAD/R,R1.

Liuthor--Ye.Ya. Ryazanova. 7
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In the unit COMMON/CRZ/RZ the value RZ should be fixed.
(No. 10 of Table 2.1).

In order to secure the work ~f subprnagrams D2G2 and DEG3, the
values of ccefficients of the resolution ratio of the Earth's
pgravitational field (according to Table 2.5) by means of a pre-
liminary accessing of subprogram CDNGR(AOE?. In subprogram DEG4
an additional variant of cecefficient values of the Earth's gravi-
tational field is used from unit GOMMON/CAZZ/4 (No. 4 of Table 2.1).

7. Algorithm.
a) calculation of zonal harmonics

Npag n+| , )
AQ . =l/r 2 (R/F) ‘(n )0 poPro(siny);
) mex ne . . .
AQm =l/r ;J: (R/r)" otpoPp (siny);  AQ,=0.
b) calculation of zonal, tesseral, and sector&l harmonics:

Tanoy n+ n
Ag.=i/r 2, (R/7) (n+!)'§°(oe,,m cosmL+p,,, sinmL) B, (siry)
418 , ,
AR, /r@:CR/r)n mz‘ga,,,,, cosm!+fy,, sinmL)(R, ,,,.,(sm\p)dntg\pe,m(sm@;
Fi= ms=
AQe=i/m ',Z?Q?R/r)m‘ 25-@,,’,,, sinmL+f,,,cosmL) mP,,(sinp);
n=2 m

x,y,z-thg Greenwi;h coordinates of a point,
e re(Xi Ytz e (g2

N R R T G0 LT Sy £53
), L-the geocentric latitude ana longitude of a point,

’

sinl =y/ry, cosL =x/r, siny=x/r, cosy=r/r,

ﬁhﬂﬂcﬁhi‘: -Legendre's joined functions

Ve s “r
= TRual)simanf (B e i ;yWhen n > m,

2.
n+i,n
F%n‘=(27“1)°°3‘?F%~h:wd 1

when n m, Pom=0 '
sin m L =S§intm-1)L cosl. +cos@m-1)L sinl,

cosm L =-sin(im-tiL sin L +cos(m-i)L sini L,
~ ‘ M \ ~ Ll e ¥ ... - =3 ' " -
Fpo=t, Py =siny =x/7, P =eos 1y /1, Pya=(35197) 1)/2,

H C AN A . wy K S ./
Pz!' =5 st’n’k}: u\__ls "ii.' -~ vs*r-.f”“« [ ¢ *an

48
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O pgy v Zepc-anomaly coefficients N
[LFRT-E

-the greatest number of 'Siwmouics considersd.

¢) calculation of only the first four harmonics

LR "'(9‘;::.,.3.:’*,&:'}. “ng +18 %Qz Paz +
A gi"")" \1‘ r*

) [2]
2 RV /1rs/2P\% 190 27 15 0‘40)3
R (102 -6) oa0 H7) (517 £ = 87
+ = !0 ~% a0 Ya g ¢
R

’ \3 ; wz ‘ Xt
“Bm ™ \r/'i " r ‘ Rz 2 £z7~
\ ) Wyt 7 “""2 -t .
[} 8 R ji_'l\&&‘ .g,,.._?p ‘:-—-— ,l';‘:é J) 01.5/
Y5 P\ pE T 2t r
2 r\r J a:"-qz
Y st »
:-!- !_2__) ”):L(“'l'.ﬁ '"i’é‘“z‘z'*"é poy. Qio.) ]
Agﬂ r\r r (o

4g
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SUBRBUTI&E Dzs!(ﬁsnﬁ.ﬁm:

DIMENSION K(3VepBOISYyPROES sl 2 - His¥4
COMMON/LCOHGR/ZANMIETIIBRESETFS .
COMHMON/RAD/RLI R

COMMON/CRZ/RE

AlLYSAHMIG)

Li2Y=apMmt 8)
AlSImANMILY,
SEAET YIRS B
AtSInAML26)
A{OICANM(ILY "
ALYTYZANMI LS
A(erzapmtsse
A(9rBafNMLEL:
AGLDYSANMCT
ACLX)IzANMCEEY
ALL2YSaANMALD2Y
AlEIIsanmiLoes’
Atl‘% ANM(LS&v-
.‘.,",...,.-l, .
Gr=anmitls™)
TyzAanutilesa)
1y=ani4t208)
3y=ANINC229),
CLERE/R
\02")((3’/“
pputilreve
aqBl2)=(3,0eg2ec2-1,0)/2,0
pylllI=RYL

.a;_-

.- r

o

In I¥ e tm
'-

it

t
{
{
L

3
¥

PML iy=pyLiid)/p - }

ayltny=idegcpepuill) /

agtliy=3.,2 /
16t 2)Y=0,0

Uz=U,0

oo Lo.u=3nly

Y= H

J3s(a,ang=Ltl.adeg?
unts)-('3'9“0(°)—{d-l grepnotry /v
Pyl(3y=(pdepyl{2)=UepNl(l))/(U=1,0)
"x-("‘or‘(‘l"l))‘a(ll'Z)

13t iysaGtlden3e{lel, gleenT(3)
net2y=patdrenlennl(ld)

pPofli=puot2)

PMUL2)=py0(3)

Pt y=pli2)

a2 =Pl i3

CONTIYUE

AR R NN REAL

Jit2Y=pn02)/n

,:‘3)--;0‘.

RETURY

- v
w8 e
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SUNRA ITINE re%UN 06,0 OFPWRQUAUTY
]

YINE TS

X3V ph3),50¢3)

VIMENIINY AU b)) sl 23 ek (D)
COMMNIN/ASINGRZANMNE22%)annt273)

COMNOU/RAN/RL WP
COMNAI/ORL/ZRYT
S5F1Ex(Ay/n
CFI=qlL/k

THY AT LY

s f1y=n,0
suyLt2y=xc2li/p}
cnLttysi,n
CaLt2yaxiio/spt
N0 1 =3, Hi10]

st Ogd)=snLt =)o (2 eyt 1=1)usSnL(2)
CuLlg)==sntlrelleSnLt2)ecn(r=2)0CL(2)

U=, 3
=0,
P(lely=1,0
P2y L)=sel
Pter2)=crl
Hd= L+l

00 2 In2.NN12
PtLrf)=0,0
1 3 (=3, Hn2

PLeaspi=0,0
D & nml,Hn2
Un=n=1
20 & 4=3,NN)
FHENED!
=t Z, JeUy~L, 0
[Ft=H}5:607
PUHIY=0,0
Gd To 4
PN s )InUHeCFIop(ttelipyg=l)
G§2_Ta._ %
R R R L S T N (IR T R L PRI R A RUNS LE?
CONTLIUE
RUDR=RE/N
HH=0,0
Do 8 1=1,3
gg(;)ugsfnnl L3 SLSAUCHAD Y s M LD +RgMINAB) oS L (10)
vt 3973q SRR YTETIRTE
= = A R 1ol
‘Z?(t:;:é:;.y . SHLLI=SGCL)IegLep (Nt
uﬂso,o ) SGE2IG0ceregto(pPin, 1*l)=we(x(3)/R1))
N0 11 N=laN 1 ?§££&;§YLQ: ToANN AR SSHLIMI *ANMINABISTHLIM) I oN
[ N ¥ .
3?23-3 Detlr=ngllrep2eunesgtl)
SUABEY NEE2)3pG6L2)vc2055(2)
TFUNS, LT, L) : DELI)=RC3) ecRestl3)-
. 6o To 18 Detli=Epetiose
na L2 JSELaNS NGL2r=pRt2ar/p
HASTUARS S 2 NGE2I=006t3 /)

RETURY
£Enn

¥
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CLIINH/ZRAD/ZRL PR
Coniiny’GRL/RE
COnMnnN aa287022,)522,430,4690
CL=PR/0
G2aglec)
v L yn TRPeLL/R
CL=03en)/R
Ul=x(8)/n
U2=tyep)
UIZX LY@ (2)lav(2)eyt))
R?2Rep
Rld=ql~;1
HeSUI/p
ll:-)‘(’.“xtd)/?
)u(l)”‘3n(9 ﬁoUSbL;"IRZ¢‘A o.x(->.x19>.n22/a2»cxou;
L Ay Duld-p, 'J)&N-\L‘I7J.°'U2QU? 130,001i248 5, V)eCleoAblU/’7G,01
h\\y!?):fﬁﬁl'c,nﬂlllhf 4®422=2, 0% R0k 2@)*1 8o}
¢ e, 00yl DS 0en,DelR0 Y 0(? .o«uz-s N)ehy40)
on(b)=54»a,o.¢-~ ﬁ-u**nze*wk.80°)
RETURY
END

List of Subprograms by Mame.

Name Index Page *
ABSEL Brg | 29
, ,zui/L.l] D03 SQ
1 AGIGA B n¢ 75

AGIGAZ Bné | 75

| AMBAR | ~ D03. | 50

| CONGR A2 I8
CONST ANT T

| DATDAY | BNF | 7o

| DAYDAT B N2 N g

5

' DEG? ENT S
| DEG3 E 0T 57
| DEG 4 EnT 5T
| DENS DNn> | . 4%
! ZLABS B n7 27
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NAME
| GOLTIN
| GEOGRC
GRAV
HEIGHT

‘RO
SECHMS
SELENA
STT .

C STTIME

L SUN

TLOCAL

TRDATO
VA MA

{

HMSSEC

INDEX

BTN
81N
DN%
BTN
B Nz
D0y
B N4
cor
B0S
B 05
C 02
DnN3
B n9
D n2
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PAGE
27
23
50N
13
22
4?
27

23
»?
79
50
70
u3
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