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ANNOTATION

The interactive system for determining the observation
conditions of celestial bodies is described in the present work.
A system of programs has been created containing a part of the
DISPO (Display Interactive System of Orbit Planning) of the IPM
(Institute of Applied Mathematics) of the AN (Academy of Sciences)
of the USSR,

The system is designed for computation in the man-machine
dialog mode of the position and movement of celestial bodies
relative to the NIPs (Observation Measuring Points) located on
the surface or close to the Earth's surface. The program
facilities of the system make it possible to effect the output
of resulting quantities in both tabular and graphic form on a
display screen with the use of the facilities of interactive
machine graphics. Capability is provided to automate operations
for the creation of film-illustrative material based on the graphic
facilities of the system.

The system was used for calculating the observation

characteristics of Halley's comet during its approach to Earth
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DETERMINATION OF THE OBSERVATION CONDITIONS OF CELESTIAL BODIES
WITH THE AID OF THE DISPO SYSTEM

R. K. Kazakov and A.V. Krivov

INTRODUCTICN

The determination of the visibility conditions of celestial
bodies from a ground, air or orbital observation point is a
necessary link in the problems of planning and organizing astronomical
observations and space experiments. Here we are concerned, in
particular, with problems in the creation of ephemeris support of the
programs of nbservation of natural bodies in the sular system.
These prcblems arcouse special interest in connection with the
creation and functioning of artificial bodies, space vehicles
of different types, AES (Artificial Barth Satellites) and their
systems.

In many cases of this type (the formulation of retrieval
ephemerides), ephemeris information of high precision is
frequently not required. Therefore for small intervals in the
prognosis of observation conditions, it is possible to confine
oneself to approximations of the real motion by some simple model
frequently even a Keplerian (unperturbed) orbit is sufficient,
and the use of "spacing" of Keplerian curves or an Eulerian
orbit [1l] provides the necessary precision in the overwhelming
majority of cases, In this work Keplerian or Eulerian elements
(1f necessary, periodically corrected) will be the input infor-
mation about the object of observation.
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The use of simple models of the movement of the Earth and the
observed celestial bodies makes it possible to create a program
system which would provide the calculation of ephemerides by
fast-operating algorithms, would present to the user important
conveniences for the input and correction of data and would
have a developed set of capabilities for the presentation of
resulting information in digital and graphical form, with recording
on various media, etc.

An attempt to satisfy all these reguirements was the
"visibility" program system, created in the IPM (Institute of
Applied Mathematics) of '‘the AN, USSR based on the SDS=-910 com-
puter and comprising a part of the DISPO system [2,3,4] which
has already been successfully used for many years. The given
system, just like the other DISPO programs is interactive, 1l.e.,
it operates in the man-machine dialog mode. "The selection of
the computer for system implementation is dictated by the
presence in the SDS5~910 of a developed set of hardware and
software facilities of interactive communication. Among the
hardware dialog facilities one must include the "Graphic display -
light pen" system; among the software ~ the set of subprograms
supporting the interactive process by means of the set of "light
buttons" and the LINK device [5]. The components of the system
of programs and subprograms are written in the Fortran-II language
for the SDS-910 computer [6].

The system being examined makes it possible, in interactive
form to enter and correct the input data, carry out for a sequence
of time moments the calculation of series of topcentric character-.
istics of the observability of the object~-the horizontal and
equatorial coordinates, range, range rate, as well as a series
of auxiliary quantities, and to achieve the output of results in
digital form or graphic form, with a distribution of information
to an a wide ATsPU (printing device), a DS (display screen), .
graph-plotter, and MT (magnetic tape). Special modes of operation
of the system for obtaining film-illustrative material are based
on the calculated ephemerides.



Despite the fact that a specific program to implement
the system is accomplished within the framework of the DISPO
system of the IPM AN, USSR, the general «design principles of
the system of programs for the calculation of ephemeris information,
developed in the present work, can be recommended to a wide circle
of persons interested in the building of similar systems based on
different hardware and software support.

The authors take this opportunity to express their deep
gratitude to K.L. Volkova, L.T. Gromova and L.A. Myryshkina for

the great help in creating the "visibility" system, installing and
surveying film-illustrative material on observations of Halley's

comet.

§I, The Algorithm for Calculating the Visibility Conditions of
Celestial Bodies

I.I. The selection of a model of motion and reducing

calculations

The algorithm for calculating ephemeris information about an
object is broken down into two stages., In the first stage the
position vectors and the velocity of the object relative to the
center of mass of the central body are calculated. The second
stage consists of the conversion of these quantities to a coordinate
system: geocentric (if the central body is not the Earth) and
topocentric, Then the desired topocentric guantities, comprising
the ephemeris, are calculated. The following are adjusted to the
point of the NIPs (observation-~measuring points) by these quanti-
ties:

Elevation i Declination § Range D

Azimuth Ao Right ascension d Range rate D

This set of quantities is, evidently, sufficiently complete, since /5
it responds to the interests of a wide circle of users of ephemeris
information. The azimuth coordinates directly reflect the



accessibility of the object to observations and can be used as

a rough guide to users applying a device on an azimuth installa-
tion; the equatorial coordinates are of interest in the organization
of observations by means of classical astronomical instruments;

the range is important in the observations of small bodies of the
sclar system and, in addition, can be useful in the case of

laser or radar range finder measurements; the value of range

rate is necessary in the use of narrow=band receivers for the
calculation of the Doppler frequency shift.

At the same time the elevation of the Sun is calculated
with these values. This makes it possible to determine whether
the current instant of time is related to the dark or to the light
time of the day.

To effect a specific implementation of the two stages of
the algorithm described for the calculation of low precision
ephemerides (of the research type, at the planning stage of a
flight to celestial bodies) it is necessary to assume a model of
the motion, which can be rather crude, but must be fast-operating
and economic in the computation sense. For this, it is necessary
to discard the method of approximation of the actual complex
motion of the celestial body occurring under the action of all
possible perturbing factors; to select those factors whose
calculation is necessary for the attainment of the required pre-
cision, and neglect the rest. We shall consider both stages of
the algorithm from this point of view.

The set of parameters specifying the orbit of the body and
the current instant of time are the input guantities for the first
stage. Whether or not parameters are in fact included in this
set depends on the method of approximating a perturbing motion,
Different versions having different precision and difficulty are
possible, We shall point out the main ones:



1. Tha maxXimum possible calculation of perturbations. For
example, the totality of the values of the osculating elements
at the current instant of time i: * xen (for this a preliminary
integration of the equations of perturbed motion is of course re-
quired) as a set of parameters., In this case with the passage
from one instant to another, the values of all the parameters are
changed. This leads to a large volume of input informaticn, /6

2. A partial calculation of the perturbation by means of an
approximation of the actual motion of a "spliced" KXeplerian orbit.
For example, the Keplerian elements, which are periodically adjusted,
are taken as the parametcrs in this case. Thus, in the passage from
one instant to another, the parameters are not changed each time.

3. The approximation of an Eulerian orbit. Eulerian elements

are taken as the parameters.

4, 'The approximation of the perturbed motion of an unperturbed
orbit. In this case the set of parameters 1S an aggregate of six
Keplerian elements. It remains constant in the scanning of the
current instants.

The class of celestial bodies for which it is possible to
abandon the complete calculation of the perturbations (Method I} is
defined by the required precision and time interval in which this
precision has to be guaranteed. UFor the investigation of comets,
the requirements for precision are not great. Such a class of
objects will be sufficiently extensive. More than this, in most
cases not even the use of a "splicing" of Keplerian orhits or a
Eulerian orbit (Methods 2 and 3} is required, but it is sufficient
to use the rather rough, but economical in the computation plan,

Method 4 the approximation of the motion of an unperturbed orbit.
The exceptions comprise only the remaining situations: close
approaches of comets to large planets, the initial and final
portions of the trajectory of a space device and a few others.
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In Table I are shown § - declination and D - the range

of Halley's comet for the Ashkhabad NIP, calculated by two methods
based on the complete calculation of the perturbations and by means
of an approximation of the unperturbed orbit, i.e., correspending
to Methods 1 and 4. The data according to the use of Method 1,
taken from [7] are obtailri*d on the basis of the numerical inte-
gration of the equations of motion with regard for the perturbations
of B8 large planets. In the calculation by Method 4, the set of
values of the osculating elements at the instant the comet will
pass perihelion on 9 February 1986 is taken as the fixed Keplerian
elements.

It is seen that errors in an angular quantity (declinatiorn:
do not exceced 22' in the neighborhood of the pericenter,
and decrease rapidly at a distance from it (for several months
before it and during several months after it, the deviation is
already less than 1'). The range error for every interval con-
sidered does not exceed 2 million kilometers, i.e., it comes to
about 0.4%. These values for ephemerides of the research type are
fully acceptable.

TABLE I £7 )
. a
Date ® - Declination D - range, millions of km
' . . . L )
Method I: Method 4‘Method I .- \Method 4
o_r oy .
05,01,1985 12 6.4 . IR5,9 646.1 645.2
06.03. I3 46,9 I3 47,4 . 686.7 . 8897
05,05, 16 18.6 1619.3  f, 73 . WLg |
02-09- 19 2:-6 Ig 23'5 ‘ _ “Io‘al Lot -.“39.& A
01,11, 2 46.7 . & 62,0V |-I6T.Y. . . IB9.4 E
91.12.1985 (=214, ~228,0 | I70.4 170.9
0I.03,1986 |~I6 I2.4 -I8 84,0 I8s.8 14,8
30,04, ~19 16,8 =19 07.0 116.2 II7.0 .
2900601% - ‘ 5907 -4 5908 3 400.9 . 40308 :
. . |

The second stage of the algorithm is the transformation of
the vectors of position and velocity to the desired ephemeris informa-
tion. In this stage it is possible to neglect certain reduction
calculations included in the classical astronomical system. We
know it is possible not to consider those factors whose neglect

6



leadg to errors amounting to several minutes of arc for angular
quantities. Thus, corrections for nutation and aberration are

not introduced. Refraction is also not considered since in the zone
of accessibility of astronomical and navigational devices (Elevation
8) it does not introduce errors greater than 3'. The calculation

of precession is also not made, since, as a rule, the orbit elements
of a celestial body,which are entered as input data can be supplied
at a time close to the observation instants, so that precession will
#gsentially already be accounted for in the orbit elements. However,
for example, the flattening of the Earth should be taken into account
since the reduction, subjected to it, of the astronomical latitude
of the point tuv the geodesic, and consequently of the correction

to the angular ephemeris quantities, can reach an unacceptably

large value in 12'. We would also risk an error of the order of 10!
if we were to neglect the altitude of the NIP about sea level.

I.2. A specifis implementation of the algorithm in the
"Visibility" systemn.

We shall consider in more detail a specific implementation
in the "Visibility" system of the two algorithm stages described.

The first phase is program-effected in such a manner that the
most convenient for the user are the Keplerian and piecewise-
Keplerian approximation of motion, i.e., Methods 2 and 4. The use
of Method 1 is also possible, however, as was noted above. This is
connected with a sharp increase in difficulty, since the user must
enter long series of values of the osculating elements. (For each
instant these values will be his own}. Method 3 has not been
implemented in an operating version of the system. Fowever, in case
of need it is possible to modify in an appropriate fashion a number
of the system modules so that this method could also be used. (For
this it is necessary to introduce insignificant changes into certain
program modules). The FRulerian model will not be considered
further.



No matter which of the described models the user selects,
in each current instant the 6 Keplerian elements and the adjusted
mass of the central body, as well as the value of this instant,
gerve as the initial parameters defining the instantaneous orbit
of the body. For brevity, we shall designate the set of these
quantities by{J,t }. Then the first stage should be considered as
the transformation of the vector {3,t} into the vector{?;mt} , i.e.,
into Cartesian coordinates and velocity components. This transfor-
mation is one of the main operations of DISPO, and is accomplished
by access to the standard subprogram 34X [2,3,4].

In this case, if the object was designated by heliocentric
ecliptical elemente, and, consequently, the calculated coordinates
and velocity coniponents are referred to the heliocentric ecliptical
system, the latter will then be transformed after the calculation
of the Earth's heliocentric radius=-vector (according to the elements
of the Earth orbit available in the system) into geocentric eclipti-
cal, and, finally by a rotation of the coordinate system about an
angle & «a8°27’ into geocentric equatorial coordinates, 1If, however,
the object is designated by geocentric equatorial elements, then after
the use of the operation J34¢ no additional transformations are
required.

The second stage of the algorithm is the transformation of the
vector {E,ﬁft} into the set of ephemeris quantities listed in Para I1.7T.
It is implemented in the form of a special subprogram. We shall /9
consider this stage in more detail;

We shall assume the following quantities are known:
Jh%?.i.%f' - The coordinates and velocity components of

the object in the absolute geocentric coordinate
system;
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t - The current instant of Greenwich mean time;

¢, Ah - Astronomical latitude, longitude (considered
positive eastward from Greenwich) and
height of the NIP above sea level.

It is necessary to calculate the above-listed quantities mﬁaﬁ;ﬁzaﬂ.. .
We shall convert from astronomical latitude and NIP elevation to two
equivalent quantities -~ the distance from the center of the Earth

to the NIP Point R and the geoventric latitude ¢ [8).

ReRy(lncly sindip)+h
Pe@ ~o,(I-h[R)sin2y,

where R3 - is the equatorial radius of the Earth (6378160 M);

do - is the flattening of the terrestrial ellipsoid (0,0033529}.,

e now make a transtormation to the Greenwich coordinate
#; stem (a geocentric cartesian system whose abscissa axis passes
through the point Y0, A0, , 7Z-axis - through the North Pole,
and ordinate axis expands the triad to the right):

x, = Xcosy + ysiny
Y, e~ siny + ycosy
g, &

here W is the sidereal time at the Greenwich meridian,
corresponding to the instant t of Greenwich mean time. In the
given algorithm,it is assumed

“) , wa“ﬁﬂ (t-tﬂ)l
where (), «6"4d"yos ;i ty=1977. , January 1, E (;r:) OSO ,

and the number of sidereal periods in some mean periods % =l.00273%9, .
It is natural that for a certain class of objects (low NES) the pre-
cision of the last formula may be insufficient, and at least a periodic
adjustment of the null-point f%_,»i,) will be required. But for the
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overwhelming majority of cases, this formula may be used without

.
[
j=J

reservations.

In the same system, Greenwich, the MIP coordinates will be:

(A = Rcos P cos A
B = ReasP sinA?

0 =Rsth P
We get the relative coordinates of the object (i.e., Greenwich

topocentric coordinates):

d. -ZT, -A
5 & yl "8
e = Z! - C

and the range is D =Va* 85 F

Now the declination and right ascension of the object are determined

€rom the formulas:
8(”8:(}/3 \ 56[-90’,90]

{cosd =(acosy -Esiny)/Vate§®

o € [0,3607
Sino s(asin) + 8 cos tp)/Va'+6‘,

Next we shall calculate the horizontal topocentric coordinates
of the object. For this we shall form the matrix of transition
from tha Greenwich topocentric to the horizontal topocentric
coordinate system:
~cosAsing  -singsinkh  cosp
“ 5;J =1 cosgpeosh cossinh  sin
-Sin A cas A a

The cosine of the Zenith distance, i.e., the sine of the elevation,

is equal to the scalar product of the topocentxic radius-vector {2, &.c} '
normalized to unity, and the directional unit vector to the Zenith

at the point of the NIP (second row of the matrix:

SiﬂJ‘-‘-{a’SM ,‘*‘58.22 +C‘Sza)/.ﬂ

Then calculating the scalar products of the same radius-vector by
iihe remaining rows of the matrix S/l

P=ad, + 86, +<b,5 g-dé_" + &6, +cby
10
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we find the azimuth from the formulas F POOR QuﬁﬁﬁT’
/

s by O NFE | cosh = F VT F

Finally, we shall determine the radial velocity of the object. The
velocity components on the Greenwich geocentric axes will be

EsXLcosq v ysiny + 2,8
ms-Zsing+ yeosy -5,-A

*

[0 B4

Here the last addends of the first two formulas reflect the
rotation of the Earth with a velocity of %¢=I/I378.4¢4 radians/second.

The desired radial velocity equals

Da(alebmecn)/D.

§2, The Structure of the System and its communication with other

program facilities of DISPO i

The visibility system consists of two relatively independent
program units where the coordination of the operation and the informa- |
tion interchange between them is effected by means of the LINK
device available in the DISPO system. These parts, called henceforth ‘
the first and second LINK-blocks, or simply "Links" are individually |
written onto MT (magnetic tape). The need for such segmcntation
is caused by the large volume of memory which is required for the
arrangement of the compiled operating programs of the system (about
45,000 cells of the SDS-~910), which exceeds the volume of the
machine's operating memory. However, the volume of each of the LINK-
blocks does not surpass the capacity of an 0ZU (operating storage
unit) of the SDS-910, and they are called up fZrom the MT to
the 0ZU alternately, according to need.

From the point of view of Fortran, each of the LINK-blocks
represents an aggregate of a basic (control) program, a set of =sub~

programs which is a property of "visibility", as well as those

11



subprograms which play in DISPO a role of standard, but are necessary

to the system during its functioning. /12
The decomposition of the system into two LINK-blocks, in

addition to the requirements of the machine implementation (limited

by volume), is carried but also with regard for logical considerations.

The first LINK-block centralizes in itself the facilities which

in the interactive mode permit the introduction of the input informa=-

tion necessary for the operation of the system; the second LINK-block

has two main functions - it performs directly the computational algorithm

considered in §5I, and accomplishes the output of results in the

necessary form. Naturally, each of the links performs other functions

also =-- communication with other units of DISPO, the transfer of

control to another link, the control of the sequence of execution

constituting the given link of the module, access to the file of the

constant of an information field, documentation, etc,

The operation of the system is initiated by an instruction to
the "Visibility" light button situated on the upper button level of
DISPO and is started in the first link; subsequently the transfer of
control from one LINK-block to another is carried out by the
program facilities of the LINK-block themselves, i.e., automatically
and the information interchange between them is effected by means
of the designated COMMON-cells of the information field, accessible
by both links of the system and by other program units of DISPO which
makes it possible in case of need to transmit the latest information

generated in the operation of the system.

A more detailed program implementation of "visibility" is
performed in accordance with the conception of modular programming.
The main programs cof both LINK-blocks are built of relatively
independent parts - modules. They are not program separated units
(independent programs or subprograms of FORTRAN), but distinctly
separated in the logical sense (each of them has a rigidly defined
function - for example, the input of some data group), and in the
structural (any module is bipolar, with one input‘point and one
output point). From the point of view of FORTRAN,each module is

represented by a group of 30 - 250 operators. Such a distribution
)2
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by magnitude was the price which had to be paid for the clear
observance of the reason for the logical and structural separability
{(especially tha latter).

The structure described (LINK=-block and modular) provides the
logical simplicity of the system, facilitates familiarization and
operation with it. In addition, it significantly simplifies the
insertion of changes and modifications, which enables us to con-
sider "Visibility" an open system.

The diagram of system interconnection with other program
facilities of DISPO, reflecting both information interchange
and links for the transfer of control, is depicted in
Figure 1.

§3. The Interactive Operation with Respect to the Input
of Initial Data

The structure and operating principles of the first LINK-block
of the system will be described in this paragraph.

As was noted in Paragraph 2, the main function of this link
is the bringing in of the necessary input information to the appro-
priate COMMON-cells of the DISPO information field. After completi
of the input, operations control will be transferred to the second
LINK-block, which retrieves this data, carries out its required

on

transformation into the required ephemeris information and accomplishes

its output in some form.

The link makes available to the user two main capabilities of
data input. First, information can be entered from without, from
various devices of the machine - from PC (punched cards), TT (telety
and also from the D3 by means of the light pen. Second, the link
has its own small information field which besides an array of
constants, contains data on a limited quantity of observation points
(their coordinates), on certain more interesting objects of obser-
vation (the initial version contains orbital elements of Halley's

comet), as well as a series of values of time parameters (their

13
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meaning will be wexplained below), adopted as standard, Thus the
user working with the first LINK-block can initiate a transfer of
data from this internal list to the common information field of
DISPO by a simple instruction to a button by means of the light
pen which, of course, shortens the time needed for the input of
initial data. Since the data which the user wishes to enter
rarely coincides completely with the standard, one most often
successfully uses combined input when part of the information is
entered from without, and part =-- by the "rapid" method, from the
internal list.

The operation of the link is constructed on the basis of the
questionnaire method of data entry. It is implemented on 9 pushbutton
levels (Pigures 2,3). Each of them has several functions. A series
of light buttons (lists of standard objects, points, etc.) services
the above-described method of entering data from the internal
list. Other buttons are used for "external" input: They make it /17
possible to select the desired set of quantities for the designation
of any characteristic (for example, the object may be designated
by both heliocentrie ecliptic, and geocentric equatorial elements);
to determine the external device from which data will be entered;
to inform the system of the ending of the entry of the next data
group, etc. Finally, there are special buttons which make if. possibl
to control the sequence of data entry and artificially pass either
to the second LINK-block or "upward" to the upper pushbutton level
of DISPO.

As a whole, the interactive operation for information entry
can be presented in the following manner. Operating with the light
buttons with the aid of the light pen, the user enters in any
sequence, by any of the methods described, in the most convenient
and natural form, all the needed quantities. It is possible to use
an incomplete entry, i.e., performing the processing of some variant
of the initial data, to change gquantities only partially and restart
the machine for calculation. This makes it possible to "scan"

14
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gquickly the different variants - to vary the objects of observation,
NIP's, time characteristics, etc.

We shall now consider the construction of the first LINK-block
and its capabilities in more detail, at the module level. For the
calculation of ephemeris information, three groups of numerical data
are necessary: data on the object of observation, on the observation
point and a number of parameters defining the sequence of instants at
which the calculation of ephemeris data is carried out. According to
this, the link is built up from three modules, each of which enters
its own group of parameters.

The "obiject entry" module: During "internal" ontry i
by means of the "Halley" button it is possible to transmit the elements

of Halley's comet to the information field. During of "external"
entry, there is the abiiity to enter orbital elements =-- from PC, TT
or ED. If the given celestial body revolves about the Sun, it is
given ecliptic elements; if, however, the orbit is geocentric,
then it is necessary to use eguatorial elements.

The "point entry" module: There are the following capabilities

of NIP designations: the "internal entry of the coordinates of one

of seven points: Moscow- Presnya, Pulkavo, Calosevo, Simeiz, Dushanbe,
Irkutsk, Greenwich; - the "External” entry - explicit entry of latitude,
longitude and height from PC, TT or ED; -- calling to the ED of the /18
world map representation and the indication by the pen on any location

of it, as a result of which the automatic calculation of geographic
coordinates corresponding to the:indicated point and the transmission

of them to the information field take place.

The "dates and steps" entry module: The parameters "start
date", "end date", "Step I" and "Step 2" make it possible to pre-

scribe an aggregate of time instants for which the calculation of the
characteristics of object visibility will be carried out. This set of
instants in the system considered has a rigidly prescribed structure

of the following form. It consists of a set of sequences of instants,
up to 49 instants in each sequence, where the origins of the sequences
are uniformly distributed along the time axis from "start date” to "end

18



date" with a step equal to "Step I". Moreover, each sequence covers
a time interval egqual to "Step 2".

The structure described is flexible enough and especially
convenient for making film-illustrative materials, since it
permits to a known degree the automation of the process of creating
film sections.

The indicated time parameters, like the preceding two groups
of data, can be entered by both the "internal" and "external”
methods. Additional facllities are provided for the use of
"incomplete entry".

All of the entered data is documented by each of the opening
modules for TT and printer, At the conclusion of input and documen-
tation, the modules carry out a transformation of tha data to
a form necessary for the computing process, and in this form place
them in the DISPO information field.

§4, TForms of Presentation of Output Ephemeris Information

The work of the second LINK-block is begun in the module
"indications of the output quantity and output form". By means of
the two push~button levels, the user is gueried as to which of the
ephemeris quantities are of interest to him in which form to output
them (tabular or graphic) and which require action (for example,
writing the graphs obtained) on |i7). The code number of the opera-
tion mode selected by the user for output and information on
the quantities subject to output are transmitted to special cells
whence they will then be retrieved and used by the next module of
the second link - the module "calculations and output" (the push-
button levels are depicted in Figure 4}. /19

The quantities listed above -- elevation, azimuth, declination,
right ascension, range, range rate of the object and the elevation
of the Sun, constituting the principal ephemeris information ~- are
calculated in turn for each of the sequences of instants described
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in §3, and are packed into arrays, localized in the given link.
This information will be transformed and output in numerical or
graphic form. However, as follows from §I, during calculation other
information is also generated. Certain of these intermediate
quantities, for example, heliocentric and geocentric cartesian
coordinates and velocity components of the object and the Earth,
are available to other DISPO programs, since they are transmitted
to the COMMON-cells of the information field. In addition this
auxiliary information may also be necessary to the user; he can
take out such gquantities for printing, by operating the binary
keys on the machine console.

We shall consider in more detail the system's operating modes
with respect to the output of the main ephemeris information. There
are three rmodes, conventiorally called "C&", "Full Motion Picture"
"Continuwous Motion Picture”. In all cases, the ephemerides are
represented on the DE in the form of graphs giving a time function
of one of the quantities y,4,, §.,& ,D, . As only one of these
modes is ordered, the buttons light up quickly, indicating on
which one it is possible to select the relevant output guantity.
Each graph corresponds to one of the sequences of instants.

In addition, to the points of the curve giving the time function
of the selected guantity, "shade" is inscribed on the graph. The
fact is that the elevation of the Sun [ is determined simul-
taneously with the calculation of the visibility of the comet.

In this case, the elements of the Sun (with regard for sign) will
be the input into the vigibility calculation block. The elevation
of the Sun is required for a more descriptive representation of
comet visibility on the graphs. If ;& 0, , than a vertical band
is traced on the graph, "shade" appears, corresponding to the

dark time of the day. If ¥>0 , then the vertical band is not
inscribed. Conseguently this instant is related to the daylight
hours.

20
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Under the time axis from the left and right, the dates are
illuminated (day, month, year, hours, minutes, sezconds). The
marking of the ordinate axis for elevation and azimuth is fixed:
90", "90", °¢", "360" (degrees). For the quantities 8§ , &, D, 2,
the program finds the lowest and highest values of a quantity in
a given interval and automatically selects the scale along the
ordinate axis (Figure 5,6). In this case the appropriate docu- /20

mentation is available by printing on teletype.

Simultaneously with the graph, a set of light buttons is
illuminated on the LS to support the interactive mode of operation
in the calculation and the graphic output of the ephemerides. The
buttons give to the user the ability to intervene at the right
time in the computation process and in the image visualization
process, to exit promptly from the given module for the purpose
of data correction, to change the computation sequence, to perform
an output of the image at any stage of its construction to the
graph plotter, recording it on MT, etc. The button "ATsPU" makes
it possible to output all the ephemeris information in digital form
(Table 2-10).

Everything said above pertained in equal measure to all
three modes. We shall consider the differences among them. In
the ED mode, the graph is constructed on the ED and at the completion
of construction is illuminated as long as the user, does not indi-
cate otherwise on the light button. In particular, for the pro-
gram to pass to the construction of the next graph (for the
next sequence of instants), an indication on a special button is
required. In the "full motion picture" at the completion of
construction of the next graph, the image is automatically written
on to MT, and a transfer to the new calculations is immediately
affected and then to the construction of a new graph and so on.
The operation of the system also proceeds in a similar manner in
the "continuous motion picture® mode, but in this case the writing
on MT of not only each graph, but all stages of construction of

21



each graph, takes place {in the construction of a graph on

the DS, the axes, the numbering of the axes, the legend explaining
for which of the quantities the graph is being constructed appear
sequentially; then the points of the curve - one, two, ...49 appear
in turn on this background).

From what has been said, it is clear that the modes "Full
Motion Picture” and Continuous lotion Picture are oriented toward
the creation of film~illustrative materials, which reflect the
dynamics of change in the ephemerin quantities in graphic form.

For practical operation in taking the appropriate film sections,
there are in DISPO special program facilities. The sequence

of images recorded by the "visibility" system is visualized

on the D.J by means of a special monitor program, is edited and
photographed on a movie film by a movie camera synchronized with
the s [9]. Immediately after connection to DISPO,the "visibility"
system was used for operations of this nature in the planning of
£film sections dedicated to the impending appearance of Halley's /23
comet in 1985~1986. The results of the calculations carried out
in this case, obtained by means of the visibility system, are
covered in the following paragraph.

§5. The Results of the Calculations of Visibility Conditions
for Halley's Comet in 1985-86,

The visibility conditions for Halley's comet in 1985-86 were
calculated by means of the system described. The calculatlons
are carried out for a number of NIP's located both in the northern
and southern hemispheres. Moreover, the input parameters,
especially "dates" and "steps" described in §3 were widely varied.

The resulting information was output in graphieal and

digital form. In the case of graphic output, the sequences of
images, illuminated on the ps, were written onto pc which made it

22
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possible to obtain FILM sections demonstrating the dynamics

of the observability characteristics of Halley's comet in 1985-86,
In the present work,several graphs are depicted illustrating the
daily variation of the comet's elevation (Figure 5a,b): During
the 24 hours of 25 November 1985 (about the first closest approach
to Earth) and during the 24 hours of 6 April 1986 (for 4 days up
to the second closest approach to the Earth) under observation
from the Dushanbe NIP; as well as graphs showing the dynamics

of change in range and range rate in the period from October 1985
to May 1986 (see Figure 6a,b). The distinctive features of the
impending appearance of the comet are seen on the graphs. The
points of the closest approaches to Earth (27 November 1985,

93 million kilometers and 10 April 1986, 62 million kilometers)
are singled out. It is evident that observation conditions in the
northern hemisphere will be much worse than for southern NIP's and,
in particular, that after passage of perihelion the comet will
execute a steep "dive" downward, when its declination will reach
-47°, as a result of which in the period of morning visibility it
will be completely unavailable to observations from the northern
NIP's.

As a result of the issuing of information in digital form,
tables are obtained which give the elevation, azimuth, declination,
right ascension, range, range rate of the comet for a number
of domestic and foreign cbservatories and stations (Tables 2-10).

Since it is obvious that eguatorial coordinates, range and
range rate change little from point to point (within the limits
of the computing precision provided by the system}, it is possible
for these characteristics not to make a distinction between geo- /24
centric and topocentric quantities. However, as for elevation and
azimuth, it is necessary to calculate them for each point individually.
But it is clear also that in the calculation of elevation and
azimuth of a comet (in contrast to an AES, for example) for a general
characteristic of the observability conditions, it is sufficient
to take several points covering a large arc of latitude as the
longitude may not be varied (the results of calculations performed
for NIP's with identical latitude and different longitudes will
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be almost identical with a precision before the shift along the
time axis at a magnitude equal to the difference in longitudes
since the equatorial coordinates of a comet change slowly).
Starting from these considerations we cite data for only three
points with widely varying latitudes: Pulkpvo (0 = + 59%460 18", =750,
)«=+2"91”IB§57 ) , bushanbe «({=,38%33019 ,9, A =d"55"078 47, R 20w} and

Perth (Australia) (¢ «=31°710% A= 74471474, K u0) .

Tables 2-4 cover the period from October 1985 to May 1986 with
a step of 5 days. The times indicated in the first column of a
table is with respect to Greenwich and correspond to the local
mean midnight of the observation points. In tlie last column
are shown the symbolic designations: 0 - light, 1 - dark part of
the day. Tables 5 and 6 give more detailed information with
30 minute steps about comet visibility from Dushanbe during
one 24-hour period on two dates: 25.11.85 and 6.4.86. The time is

reckoned from Greenwich midnight.

The analysis of the results obtained makes it possible, in
particular, to give the general nature of the comet's visibility
conditions from any NIP. We shall consider Dushanbe as an
example. At the beginning of October 1985 Halley's comet, already
guite bright (about stellar magnitude B} will be accessible to
observations mornings, culminating high above the horizon (eleva-
tion 71°) approximately an hour before sunrise. At the end of
October the visibility conditions are improved: The comet becomes
visible almost all night, culminating at the height of 72° 3-4
hours before it sets. In the second half of November, the
comet is accessible all night - at the time of sunset its angular
height is 20-22°, culmination occurs around midnight (elevation
69°). The period of visibility is gradually displaced to the
first half of the night; in mid-Decemmber the comet will culminate
immediately after sunset at a height of 52°, By the middle of
January, the observation conditions will worsen significantly. The
comet will be visible evenings for a short time {(not more than
2 hours) low above the horizon (not higher than 20°),

Then the comet will disappear in the Sun's rays, but after /25
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passage of perihelion the second period of visibility will
approach. During the second half of February and in March 1986,
the comet will be visible mornings shortly before sunrise not
high above the horizon (10-15°, but at the beginning of April -
not higher than 8°). The total stellar magnitude will reach 4m.
In May,the visibility conditions will improve again. However,
the comet will guickly lose brightness and become less accessible
for observations.

The cited tables also show how unfavorable conditions
build up for northern points. Thus, for the Pulkovo NIP the comet
will be accessible only to the end of December 1985, at the same
time its elevation above the horizon will be 20-30°. However, at
this time the comet will still be far from perihelion and its total
stellar magnitude will not exceed 7-~8m.

NIP's of the southern hemisphere will turn out to be in
favorable conditions. In the case of Perth,it is evident that,
for example, on 26 March 1986 the comet will culminate close to
the zenith. It can be assumed that the geographic distribution
of southern hemisphere points will not impose any limitations on
the observability of Halley's comet. For such points only, the
brilliance of the comet and the penetrating strength of the
instruments being used determine the limits of the comet's
accessibility period. The asymmetry described between
northern and southern NIP's becomes still more acute if we con-
sider that the southern observatories and stations are found
usually in much better astroclimatic conditions.

In Tables 7-10 are shown the observation characteristics of
Halley's comet from the Dushanbe (a southern point in the Northern
Hemisphere) and Perth (Australia, Southern Hemisphere) NIP's
with a step per 1 24-hour period) in a protracted interval of
time in the region of the first and second approach of the comet
to Earth.

27



REFERENCES

(1) E.P. Aksyenov. Teoriya Dvizheniya Isz ("Theory of the
motion of artificial Earth satellites"), Moscow, Nauka,
1977, 360 pp.

[2) A.K. Platonov, R.K. Kazakova. Orbit planning system in
applied problems of celestial mechanics. Preprint IPM AN
USSR, No. 106.

[3] A.K. Platonov, R.K. Kazakova. A language for the calculation
of the characteristics of motion in applied problems of
celestial mechanics. Prepring IPM AN USSR, No. 78, 1974.

f4] R.K. Kazakova. The calculation of the characteristics of
motion of a spacecraft. Preprint IPM AN USSR, 1976.

[5) Yu. M. Lazutin. The organization of work with the light pen
in the FORTRAN II language of the SDS-910 computer.
Preprint IPM AN USSR, No. 64, 1972. /26

(61 E.A. Trachtenherz. Instruction for programming in FORTRAN-II for
' computers of the SDS-910 series, Moscow IPM Publishing 1971.

[7] N.A. Belysev. The return of Halley's comet. Zemlya I
Yselennaya, No. 1, 1983.

(8] Information Manual for Celestial Mechanics and Astrodynamics.
Under the editorship of G.N. Duboshin, Moscow NAUKA 1976.

[9] V. Yu. Vershubskii. Subprograms for working with a display

and for tracing movie films. Preprint IPM AN USSR,
No. 62, 1971.

28



e CLIvAT)aN APIRUTH CCCLINATION & ASEENGION RanOL RAHGE NATC 0=DAY JeNIQHT

1908100 La2iedaanye FERELLTR N Ah124]:59 204V 00 S1i0609 (1 292R0TCUNE OF ¢ IuQINLIEGTE OF
l’tbcl" Ar2ieB4enly 2ar843, 77 acpaat0o 2L LY] AORIIe AN S 2THATALARL OF »ebAQADAYBLE L2
1 deforitediaiainge P2 255407,97 RQICEY LY 40413028 S 2515801000 o9 «4B9740425T00 (2
tHaiitt. ua!jn!ina]- cavd Y 131051403 aghbeaiby 5580340  ppTTaaARY Y -o4%01070208 o2
l!*.1ih-l| I Jerb13,13  |28CR16,43 210617,3) B505%.72 L DQeR90530L 09 # S5XIOBTYNIE ¢2
VIt Z e Tanhe R e Sdnn]e ETL LYY L I L T Y. TR 6 ] (IR FTY 3] SI831009  +)A1921038L 09 «+Y18I5IR0WL €2
‘y‘11l1l1[oflo.§'t|| a2aghke e 1e5|a;5.t; #8137, 88 SPrLYedS W (ASTEIABE ¥ wsndDORARRIL 02
WALy SuZpethange 6I7151.8) TPITANLS retll .t) 5N Teln o JIPESARNIC F servEApMEIT R

Table 2

-

ﬁq..1---¢..;.5|'s|- L LS Y] 15edsadsidd & SPEBASIY o) 23%0pTIRE 0% -eXhad|JumIL g2
el 333257,6n  1785305.85 clzcsl AL E T UL R LAY AT B L LR UL Pl a1
[XXTR] AnLInLer P1Pt|5£-i9 lc!l:ﬁ-ru FELEDLXE SATALIIROL D& =0 |79DR21750 82 1k
1915031428, 230540004 L IR A T TN 172368, 03 19705432 W I2)L1N9CIE GA «+d0IROA1YRL Ol Pulkovo
|5}5-11-;o-:--‘§r~ ' paiten, e ahsph?1-1- 1347498 10311076 oIBE2LL5RCE C0 109 MITL OF
15Ab e HaFL i aVenty 17:04%:10  P3AGELMLY 28170 1512470 210037 ET62L 09 e Q1OBLIBLEL o2
1l»%o5 V]eEYas ey Pa5t4, 08 242800400 [ I3 IT 5] FIITEN1Y o 112078283 0% oRI2RQIRAIE (2
1953170 t4eetabneny 1100049 21759084 0n 2572¢8.97 PI0A22+40 12806406200 OF 330 leBp0Ar (2
194500202018 a%g 1w} 1637485 ZAHSe8D4Y) al18 .9 F20a3277  ojaotisapiL OF  +242A97)6F OF
1’*5-"‘!2‘40“-!\-5“ EEERL L YRR N L LIRS ] «{aF81.3) R2292) 48 18562 1BE &Y #2RIIDNLDAO0 oF

154507 e)u.?l-!a»ix- 191908497 1302930400 IO R21SINND S LTOOMEINIE 09  #342127600F 1
[HELEN PR ST TR YRR & 7o 7 S P T TV IS TR Y] N0Gh 57 ‘ectoa-:l rEAOTIINAGE OY  I227DVLLOC (2
[ R S P Y L P L A TR T YT wdI5F4, 10 1540588 G 19B26241IC OF 1 29IRSAUCAT D2
1900 petaedyadorals ad0YEELRD ADPCALCARR O L M) RIANSAGID  o2)DOT11I6IC 0F 2543744850 O3
aobe 10 9eEiebdenls SANRI6,97 IAOL2 5026 82BN 75 l::‘gs-rn 2200074 72E 0  +2GC5ARG034F L2
1900 Vevas2dataente  «258189,7¢ 3975028, 24 LY 337113 B1272Co91 2227417747C 0%  +1082290A0E 02
T O T T T e TR ST L M Y Apo2%i12 BL1R2547 4232878310 D9 7422675150 ql
120, 1 Je2dedente 323933041 3129508 o325RATY B1QWIT4D  G232RINRABEC 09 0792567 18AE DO
'J~#~ =0 5,2 80eugs hphDIT 4 WEALELE L OILAD 09 210002 +9% 4 221A) L7PRE 0% «oRTABLYOE Dt
13760 arerdediebionls “hi2heband 152997:74  =115a47,89  POS08}+0R  (BENGISEINEC OF «+1805FuLilF OF
L R R IR A T YT KIS TR 1} 2iBA{Ac8 2554722 TMIBRAIR o 2LGLDNBADE 09 «e2SBASOYAEF CF
PI66e Ze2JeB3 %0000 vulRBIAEA TIRIdelg wie3100+0) EGA31A%) o 2017904100 09 -«2)7680703% o2
1906, E-:e-?ltts-tl- snfedpliRi REX 4o 7Y -lal!lluiv ROcALebd o 1890DI290 Q7 Lo DpATIAFESF (2
19850 1o b.21.%80000 #435540.97 S1%e87:81 =« |BRT006Y 20US40a1C o JTZVIENYRE CF ~a0iN1GLT790 OF
10, )-*-ozx--a-vlu BRI E G12220.%8 =2p%21648¢ . lgg!:’-ac s 3MABASEETE g% 824511080 ¢°
15EL. 1v|4-‘1-'s-k1- “372337,29 F122|R: 15 -232lz§us? 199256+55 1300210058 0¥ =¢dXRYRONSY: (2
ISIL O T IR TR UL LT E VL, ] BEZI1L.95  +270077.02 SFIUSL0AT S VINRARIE £ < 26MI9T06 T2
12k Feg sRedlabie eake0T, 1Y BF1axeby <21I850.13 191023699 o 3E7902400T €8 »oMIJAOATALL £2
19460 3090 Epe3hente 312714038 1110628497 S 374248447 182802071 W BEOASOIRQE OB eI TIV{LOE DR
19860 Yo w2 DoBde by aado?00)D 1325408007 wakRidPeR 171048082 o LOLAOINERE 0B 12300118080 of
1900 20 Jo3le 80 eZCILP N FS 157352940 A7 E01T.2 IR1708400 oARININZEE O o dEad?376% 1f
AT wil30RA 05 FARIBIO.ER  onEMELENDG 131806310 «LEBIZETAIE C8 A BSTRELTE g2
19448, vt 020 !'-l:- SIN217433  R0PIHLE407  #32UAILLIN FZOI9% 0T «PRLZHRISIE OB +IB2IEIE C2
3345. --*a-!l-ql-bl- «ERA2N Y 2173010048 eBARED1,2Y 1214008  (9EFLAmeRbE 08 AREGRETASLE (2

b&coher 1985
May_1986

Local midnight

Step'" 5 days

B e s g P e e e e e e e oy e (e Tk B e b B ol e e Bt A e e B A e e e 4k e $ e

18260 20i9eRteda. e 250,55 EETCeiNedy  e19110E.90 105201925 «1)6632890F 09 o5QTLEst 2
1976y Bv a ' 129672 PINCEPALRA  o1514P0.1) JOMINALY  IIBELTINIOE OV +SIXIRAXEY (R
1285, 5t 4al 2817, 67 - 2eBIgen 87 «iz2eB8ua) F01«E7+32 o 14256012PF 00  SBCAIENY (P
15180 Dokl A <117 PSINIIpeS  S137141en) 15292E A o L4GBS8NE0E €0 #5L8TAL/IT R
|$¢!. Ba13,01s 4.tn- w3C32a,00  AANLY 00 3503100 toaE12.10 21103300380 o? $STOATSANEC CF
19%% WSARBEN) 24R0deRy B ST IDEART 6% J2ISDIDMATE 0F  WBTINORT AT OF
TP PR IR TN Y FLECHLIS SIS 1 35 ET AT #8530 10 102345480 , 2OOYARSOVE pn oHRabp Qo £3

JHIGINAL Pate W

OF POOR QUALITY,

29

P ———



L CLEVATION ARIPUTH DECLIMATION R ASG:mGIAN RAMOL LD TR T pelAT  Melinm
APR10s §o1902%0 g JELATREA TRIILT 406 BoGHLBg 4 AV W In0BIRSTEL DS < eBAZEINGRPE L} ]
IR 10v 4100250 £ ALY 13252495 101842, %2 b ek G FTERTIATYC 0F 520V £2 1
1R 10011419280 Q0 it il 18453%.79 2OPINT NS B G 2HEDTRRLLOE 0% - SuRbJTEI[L 42 )
19084100 18¢1%028+ £ B2ILINYY 9818204798 2osbEp. 09 8. +HeB0 JPRNEDSMINE 0D BB IACIANY 2 y
198100 010194284 go FONE Y+ $2R2EQH AR talia. 21 BEARRA MY SDOATAYIIAF QY = o320 A2YUNE A2 1
19800100V 4N 280 WARFRSLY  IMNdegt 2LRTOAAAZ LS TITRL -lazng![uit £9 « i SLITEIIHE (2 t Table 3
19010431 019428, Os aidedn, i) 1oMinegY TtA114,00 82237491 L1A02I7LISE OF ++aIURISLIIL (2 H
19884l SelBedBe g 593542,91 111504108 FHNAE Y 50017043 1299049008 09 «anbglntlube €2 1
196601141001V L% g0 LrSer4T 1280244 Te F2thae, 29 R T T P L T LT TN T T H IS T T T 1
1909 Lo ibe 19,25, oo INLEST 112I23149) 218208410 rgortd o pToligueE 02 <eZ9887 RROF L2 1
19891 0a 0019425, €0 47315987 2293in3e0] 202424479 BHYSEe20  (RETATRLIZE O e ) PHRACALNE G2 \
IR 2010 2% g s3Liabpl BB)1674 10 17308070 ROCZIIT0 «PRINLINSEE 08 43260740500 i 1 .
1905431036+ 19¢250 go  AR202a87 257052426 1240R0+BY 10019038 W B37225350E €0 +)6I06ABNT (B 1 Dushanbe
ARG 12y 54194250 g 210047448 2aM2bEL 48 312108 1607 5Y  (pCTTETNNE B9 fRLABYNASLE ¢2 1
[ELLDICIN TR T IF-L -] AL TLL R E T F) ¥ BURATM  JLLACAALEE £ pIM0 T A

1990612416612 %85 7 I 6% 00y
1988, 4 de20 190 2% 0 =[135E8,9) 1yhrin. g 4 s N
108 ef2aphe 19408, &t =g 12486437 DRAALIV TR 20N G NBALAUTTE 59 0 3i5ifedcdd 7
1905012039045 28, g0 =2420%5,97  £915127423 221050002 473 H90CE (O 0 DAMTA8LNEL
1986+ Lo e l%0250 £y =3:8000, 04 2971N80,95 «J1082,44 ERMTLeTY 1B ATENAIE 09 XPaRTeaMNE
19080 Lo T lYad%e e mudNL0A 0T IVIZINE LS LR PRt ] SETAIA4GD 1 197994279C 07 129479040 3C 2
17860 Jeyaedi254 ge 20 BB%a6B2  JUA133R42S =31026470 14505+%0  12A9B4409E 09 25414%947C ¢
136, 1019489,250 Goo %0308, 12 Jede2de,l2 w6281, AL 00 L a198LuNDaE 99 42078845080 &
1986 Tagee1%425: g shakTieid? 121912709 =71508,95 21277158 0227*!06035 L9 o LATTAYNIE P2
19860 1290154250 £ =4nlAnhepa 139E)20. 04 44950408 ZULIRY2400 L 2TRIR0INVIE QT 4 THLL60007C G4
SR 2o 30194290 D0 -43393%. 0% 3ADVASe.AT *92254:8) SILTRIINE 4 2T0846IMIC D «+hQ1IENFLE CD
196 20 2019 eT0 Qs w1508k edn TITaG. LY ~100%01408 BlaOLN+TE  +2A170R213E 0F «+#26472034C of
1984, 2,11,19.25, ¢+ =hl3734,01 225522,%Y «115091 78 208108070 (2250063 77F 0% «¢179032014C 02
1900, 2e A0 28 £ -gp60%.0Y I71130487 =1041722.44 ZO209+39  JR1EA30722E 03 «42547705600 03
1906y 2423413023y o *RKII2Ipas 9501703 LR LELTEY ) 20732958 G 2ALL4MANE 0T - I942L00E £2
1980 2raRa1Ys05. Q1 ERYEL M T H08414447 < LEPURe12 ACAMVURIAY | B5IGANLIE OF s 2055EINTNE (7
1986+ Jv 8419:25, 3+ LS {-hrEITLE ] Tohd2Ce vy w1320 204 29 Q1582028 L LY2AATTIOC 9% - eAp1AGIYINY 2
19860 Jopar1ehe g0 «aGq1%,23 29885740F 20730822 200540086 (195024804 09 «ah26nARAGEE £,
19861 Ay 5il5eEds o o jydin, a8 LRI TS-TS -3 TR 1Y -1 ] 195344499 13843386930 Y ~:NJAP7G329E &

19360 Jozacide23. g =1855L1.72 31521428 -a&bﬁﬂioﬁg L3672 30 o L7909859C 09 =437 MATLNIF gB
19860 342%,19.435: 2 A00a3200%  18ARIIDWL +312707.07 A3LILA072 (9910790 5EE (8 -+ N 1S67YRECE C2
1986: 2edgel¥e25. g “21B488, 65 (211618497 «37Ini), 12 182952138 A23903807C CR < 3875TA00NE 02
1906w we 394254 gy e ?a5t80 12 137320142/ ~hA1155448 V11849002 LpD070 A0

& 9uaedl NS NARE £F o ad g o2
L T L L e e BT L bR

October 1985
May 1986

Local midnight

-

of -+207R90073E OF
1946+ % 9410425, O +2ANGLRY 18A5RIRIE 7LD §S19G107% (A UINIIILTE 0 -0 a073EARSIE 04
1986 Aeyus192200 e IRENLL R 1A2QII%.E8 =170, 54 132012068 +HL3601080E 08 2 IREIANITIC G

1968 S0y 0o l9a280 g0 yaEISINLS 2c2¥tR0424 120756011 1Pghi8e%6  (TB1012A27C oW +35gl2306RE oF
19864 ».28019.23, o (SLERTII0 1900190801 +245722.8% 112282020 29330P4576E O  +AA97GISQLC 03
1280 a20ala2dy g (3eE28,07  23DR23%5.23 - 191782,4) 108SEE D] 5338164070F o9 JEawTARBOIC LF
1966+ %0 0019428, gr  [E16FS.I0 RAOAD12.52  -1S1R35.90  1ohe02e 3N «138421009¢ 0 (A3IITHEILLE G2

Step = 5 days

o B i i e o g b P R o e R S B A A L B L et e e 8 WY

t9850 s 94194854 g BLeNC 2N 24E4%832.18 #12280H.10 JOMIQG A 1ARII12€ 09  +BSATOOSERE O i
39884 GayasiBedse (o 572891 2R231ena97 «1033%4 14 102913+8% L 18n2Bpa AL 0F  +SaLbAGNIOC Q2 ;
19060 3019015250 90 13754453 2971714429 =85231423 10261511 42107293610 09 +37L62771AL 02
1986 Seane)3e29, o 13601070 2633 kA 04 70373478 J02029400 (215357274 €9 4B72T3v9pgL o
13860 5409419025. g 31180054 ZaSdL0).R2 =45805461 102300078 L 250863260¢ Y 1ET2A74078F $2
'
'.r

y

- g !
ORIGHIAL PAEE |
oF POOR QUALITY

30

sy MR



Ulduiwm_ .
OF POoR gk I8

TI%E LEVAT|eY WIMGTH DECLINATIAN R ASHCNSLEN RANaE GANGE AMATE € avr Lewifa
19854100 JodbelTenar LTIG 1YY -] (LB ELY:] 200eCE 17 S1E110SS £ I00TMR7IAE OF +o342060EL-C o 1

1908450 4o34aiTinbe abdp el A%S908.54 2CiLIR. 92 ACAMA 43 2276801934 0F « 5420391340 o i

L9A8. (e e LAl 7rhde s1674,43 423918464 208929450 CEAFRY W FERTLATITE OF s e 791032000 D2 H

PIRS i Bedba bl onbe V24028 844813:0) 264601411 5345236 (pARNSEITRC QF #+L51VLRCHRL OF 1

YSRGS 10021e b0 Y00k 133314, 04 Shpetedd Ziph246e 04 5042477 L PASITRIVIC 0F «rBRYAMVIIIRC Q2 1

LoB51 100200 beed 2vads 192820497 AL R1R700+ 24 BA21Ga08  S1ARBYOIROL OF o o8pOSPIasOL CF 1 Table 4
(945 .10+00 018510 anbs 21248, 0! 412vB) 2% 215084,43 82107498 JAEOTUSLAIE N9 ¢+ 4ID04FUCSE B2 .

tI5, 1, Seleod7eske  plINeYRL ROISECE 22105R.M9 Sea%4,01 o 1epd7a0ede 08 L ade3IT835HE 2 b

1388 4103 elb el e it 1307134t 19450153 22188213 AIGIREY i PRISOINIL 4% eedRRI%2150E 02 [

NI oI arg 240917.3) NikieTg 215326195 BOLFo bl r{Q7VETIBNE 0F #0299 704L 4B i

9511 edga e ekts 25105416 Yazadga .8} eoetie.93 FBORhanh o D4HUAZAPRC OB oo {TIILANGLE D2 4
15450038 efnelTengn 300%a7.4C  IR1IT00.0! 12400830 D084 c221E0p100E OF -0 J6RTHARLIL CI !
19050159980 2beirbte 11962835 357}93A427 1JaTolg? 1050197 W3MACEFOTEL 08 «lgaddipENL OP 1 Perth
1988042 SalboiTobde 111450062 REASIST T PI9864 27 1718437 41003327940 0F e2147HTCNAC P !

AT OrO T 11818.850 27755800 L0 dootaidp RIVAST2E o110k aBYTE 0% XNTIISRIL CF t

19858, 121800010850 TRIAN RS 24457T4MR IpAEh92 23040080 124948520 08 IMITNNRLE 92 t

LD I ERT IR +15CA5T.8L  PaL1b17 .68 ML0.08 QPTG AT L1277060020 0¥ I5II7EIAIE Q2 L
T T TS TR LS IS T I LT L TR ) »ER1 3428 FI047+15 w130 BIYLBIL 03 SIIURTRLLIE OF I

OOTO IOy w2TVE402  PATERECY w22P85. 44 BRIALYTT (1699408050 £F 2245725410 G2 1

$OREs 1o hajbellobbe w 2% 13018 240353094 233250298 20478462  +18MIINIENE 09 #D2SEATIISE QF L

19480 Lo BolelZedién  o373te9.62  $331925.00 =43331.92 BASAT20N0  «19766uIN0L 0F «20SA7IRNIC OB
1984y LelbalbelYoabe el R¥LE4T  FRERII0YY L3-Fa ST RINSLUAY L ROSSITRANE 0 (8% A)Sg1DE of
1956 1a19918ed700bs = ARI04, 58 RLEACILNO0] 42303 24 B13630047  oP1OSRE7261 0% +z09iifvaAT g2
19860 LepaalbolTente  waJ¢507.76 2070029486 TLR20¢%3 21274030 o PRTISNINCE 0F  +1457ESH13E R
b3060 begdedalfenge  oal2801742F  19632R44CR Q1728040 RUIRSL4OF  oRDERIIBZRL OF +7K5RLVEIT Ol
$I% 0 2 Do fhelTobde wa 301182 13971 *3RR03.7§ R10¥42405 02)3AN1015C oF «137B98D333C 00
1908, 2o BelbelTonde  Aad2202027  17%0828e01  «10330941F RIGOZIR0  WZILACRYIPL ©F eo91a0pHLILE OF
1380, 2riVetBed7oale Sa%A105,93  {453935.02  miiT0a04 D1 BoBLIARE 2 22EL0NSHLE (9 W JTENELEATE D2
S19REs BajBilAsiTekbr 4410080476 1863040006  #13IAGI46 28210 QIATEIINGE D% PSR (2
1006 BexdedlnlZeabe 0372100, c5 109053532 efdadlf. 77 BOXINDITD  WASANITLNAE 6F o MRTLIVAGT 02
§9460 2eade10ulTenby  #326209.2) 14251026k ~1ER%T.98 ROPBULIND  »1ASTINIBTE OF =+24452E307 Q@
LFBEs 2y Sedbai7ente  WETIAETLIY {D7IB5HAEA «{B2100¢0% EOIE04L oM o173203005C 0 =vhGORRIBGIF (2
1906 JeoelbelTonbe  S210005.16 10300A7e00  =2OIUCA N 20060080 +1%SN10OTIE CF ~eh25TRLIDNE D2
19860 DasSelbalVends o138 000eS 129290070 »231928+24 199357013 {I0YLH9H2E OF o0 1T2AAB20E [
198hy Jegdiblbal7sbbe SSI045.98 1R82TL081 <24NIp042) 193654937 )47 I5LOYE 00 <+M2RJRVALT p2
19B6S 302541801V ehbe BGOC2.AY 1241101427 =N 2MVINEE 191209449 29950836522 DA ~eMILPDIILEE R
§FAAY 1200 tbelTobl 1FA557,0)  122G729400  +X1RINML 50 BRMILadh  SZATRINIEEF OF -+253059 217 £2
A9RA, Mo aedls it IFLP6RES  1zdaazeets  «NAgNLT M8 A7I90745 2 0DETN0L 08 welNRRRTEXLT OF
15A6 %4 DelhilTonbe 60N TG  1IICRIE AT eATILEV467 192316872 «53223A020.° 08 «ohLYIEMIBE [
T N LT P AL T YoMCIn.C]  $ATSETU0I9  wA21009.51 La22afieth  JLAIMIDRACE ©8  WI2FIEMGFCT [0
1980 MigdeloelTabds $THBJ243%  RADORISILT  =23013%417 $20040080 (TTTOPDAGEE Qb +JAGERBE ¢ OF
1980 A28 11800740000 423031062 PEWAGNALOL  ~250730+70 LIZH 80 oSA2DZERNTE QB okePyY TR gf

‘October 1985
' May 1986

*Local midnight

F3Ee Lap3i1b417 0ktor SIZEAR (Y RFIMACNDL w19 2AGL,TY 1098E549)  o115RTYBRTE pF UL RV L R a3 4 8
13200 Ba aeidal7ia6e 3ISE7.41  22MRLEE.T)  $152330006 104410486 :latuzgﬁﬁ;’: £ W837337f 0T on Step 3 ay
1988 T WelbadZenbs  gak6dTeaA  BIQZIELONE  «12313%:22  MOISLT4AR W ILIBK GATE £F BLAYEW. M pF

dpNy
198 Bugdit6edTudhe  R2137,50  PATISIeN]  «lpR633e0S  1ORIRD.BL ABBEAPALGT LR AEeGIIQUSLEL Ln
19300 SeiSeloatdabns  yENIO0WRR  2671580+A2 »85507.89 LOZAIROY  WRIQAFTIBAE 08 5718%AL-ST g7
1980 Sagaathallobin TRP IS pedaR0d 25 wTAT90 18 10243080 +234RLENIAL 03 5P3003.a0r g3
A9kEy Sl s fbelTents eAriect  TLINENSD) S45309430  LCAIB0eah  WPRRIELGITE 09 1ETIRTPBOAE €7

R it i e e e it o e e B n ek 8 R R Ak . R R e kWS
T ] o el

31



+ »
LT < LLEVAT LN ALmyYS PECLINATION R ASSENSION Akt RANOL mATp ge0AY  |uHITWT
19850 10e2%s Ov g 0 I3120s80  PIQRTOYEL  ABTINNMG RIS 2L G 9IATCIRAET OF LN TTEZRANE 01 5
1IBB 1 Lephe Gede e +«1%%%. 10 l'gﬁ|iﬂl7? 1ighre.te ToWenTE  JIRAAIBATALE 3 <30 2THINAAE U} 1 Tﬂble 5
1908411030 o O O JTUPIE LY FOOCANY, B0 1A0%)9,42 20926031 W PRATININL OF LB dRNETRLAL OF ] .
’|B-“-zso teldcr 0+ ARLZRNER 3oNECA T 10442404 FOEIS T I FIL AT Y4 T IS SIS 3511 F T {
!!Iﬁ- s34 #0 00 g+ 14024349 tlolis.M0 80359, 45 TOABIL LG 92R 17900 08 L.821284480E O i
ING el b ey 20300 Or  #R108TaelY 3170781487 183308440 POMME AT BZAR20097C CH «o52040072%C OI [}
;,:a.u.; o e geoge epsBYSLRY 20430408 10CEL9 57 POSZN.1T o ORMI2N6Q2T OF » e 323IBEAYIL )
9% L1ephe 200 oo «30cH1EsM XVigIcasTR 1001794 RGHLDS6T  (IRVOILERTE Q0 4o B2INCBIAAC () ¢ D Shﬂnbe
IRRE31e28s &0 e 0 «JGITNSAAR 2DIENA1D.0Y |lgon.zﬂ 2QII1T  w32I7J7G4AF ob « eBF201MR40E DI [ 4 u
19RBN 1020 Nadge ¢ 22201704 DATQLIRAQ4 17999, 18 207400AT o GZRANI2TLE Cb #eB203RD770C Y 0
1968531025+ B Qs Q0 «33200%: TR k89 1ege92 11545090 20730021 vIRIVA9TYAL 08 % (BEADIANE O "
19361029 Se30) 0+ «33RINY, 08 sg9nE, 17 175804, 84 20715473 4 3228586375¢ €8 L aBLIVTSRE O ]
19N 1 1o P by g T w323025.%% 123147047 175748k FATHErEN 2 IRIIGIANIE gd w3153V 20K £ *
LIBBe11a0ds Lud0e g0 -ms.;z?_.m !%535“"’{ U"‘.:;:;':.n: :'.;:;m;; uﬂﬂ:;;ﬂ‘)‘:tr r;: --alli‘:l‘.:"g [ .
Ao b epKe Pe Do D0 wo81245002 PINNT [Riig LYY Ard iy sYLYIMRRRIE L4 e S1RAA AN €L .
PEEE M T MY M - HO% 1 - J 04 L L0 S T Sey2a8Y wdpicdethRy 3 wo53S13% 0 9F £y -Comet visibility
19eSigteae 90 M o <21 2510002 & aradald VLTS LR TR KRS L T 100 WYY PR ALY D (A0 A 11 .
1205400420 833y £y 1 TCH230 18531400 1737428 T hefA] W94 0ALGE LA b S AAZAYE Gl Lo during 1 day
19F5 40028y Fo Qo G4 21210444 54395578 17021740} AOBIAEL  A0INEIBNLE L6 - E01RTIREE ] ] .
1798 ¢1102%0 50330 Go P EFIITLL) 0haa. 67 175126342 2oMITL2e 19229 B3295F 04 ~ra2R5R35978 o) Fl
1960, 110250100 O &1 21956387 L1 HaLT] 17020+ 20 20005 PR #2280 0YRT G4 wanBaBM AL (1 -
19850 Lo psal0eds £+ FAENLLY 6936.7422 124980, 1 20MEQeAT  p 9227480871 Ch o nRETSRLRAC (3 .
198501025038 £ O L IIIY L] 78092271 1HR55, 14 RO%Joell 49226802000 CB «9n0I229707C ) ol
198548 0eg5+11+32, O L43CHG S Thndeete J758ud e 20421453 492297040 0L OA 94 77CEREQLE CY 0
19454 100254,12+ s g0 ziua-.u ng:w.z 1287130 zusga.su VIREVABRGIC PR 0¥ 70320a00E ) v .
19450 414050924000 g0 LT IR I L 214Dt §2862ec0 2015235 W 022%C262E 08 « v b2DI0705E o H
1B 1epBeide Do gv  J2E03L+%1  A213KgeT6 (7889208 2001701 43223362330 o8 ~vS504878CE g} i 25 November 1985
18050 10250120700 B 840 15,77 97250749 ALY T 20323411 1IRP2INTLEE DB . aNSGORTEEIE C) 1 '
190% ¢ {1v2%0lns 00 o a¥3Dhjadt 1920524482 174250481 2OTCAAD 49221990860 OF «ad27RITSSIC 01 i
198501 b rge bl o (%3 LFITL ) LQTUASE G2 1702500 A0PHNAT (92208 10EIE Gh oV ERIITINDE £ H
198%¢11+3501% Qv e 50008010 1172526438 174207487 20237010 922007 I20F 08 «oA1AJAMMIAT £ i
1985114250 15420, ne  £0Q0R7094  {270185:43  (7aliiayi9 2022451 L921905934F €8 ~1nbErICINE £1 : Best visibility,
198541 en0g 41t 84 Co 189482 1300707444 17408450 ANRCTI8Y A 9RIABANINE GR e XVIRANIGNE &1 §
L3511 2% e300 Qo 67894201 155343506 171932449 20155420 2321707700 04 < )B2ATASTE o) i
Leadadie25040s @0 Q0 L90045,03 | 7WNa02400 (738%1,04 20150458 o 321719092¢ 08 « 4374585400 01 L
198%,1025+17.304 Q4 LA2014,27 19443%5,38 17974%9,10 FOLE.A8  FRISSZI16E O8 . JESARVELRE O 1
194844 1oraelfs 00 00 44060909 2122736:20 171857401 20141e2h  (D215A7468C OF w1532411940 O . Time reckoned
19ETeLhr2%e 184000 s 42100a0C1  22a2dau b 173604480 BOCS6190  +IR1I2BMNE 08 oA TIAT795C QF |
19AB L0319 30 C» 57160%,93  2372%0R. 41 170552, 48 REOMIL  WH21%A0SLE O e FIMAAEFIRE 0L .
1905051 e08089:300 30 S2211640% 082023, 04 173419.99 FOO2Fe286 49210042098 08 2244502830 L 1 rich
1948 1Le 2% e RGe Q0 Qo I L Y TN T 17038700 20012467 J9FIINETIAC 08 e 3IMATIHINE O . from Greenwvilc
CAInBe1lapue 204300 Qo ALCCR3:43 2898w .5¢0 17383872 1895800 29212209600 OF .0305%92%02C O! [ .
194513028420 r e D0 150735438 2ra3734401 173141.92 19982,80  49212I6779C 0N =o2JuB31510E OF H midnight
1983011428224 20¢ O EPIITD 0 2e9nagE ) 173049,01 19720080 «I2L1016LE OF «opBBEIATAAL O) 1
1983:1142%+320 09 G 2ILADLQT  ZPeR2GBG.D 11295402 19910022 o ¥Z21132959C 08 »0230%73655¢C 03 H -
13::-%-::-;;»%- G* 115;“-:: "3322‘;‘3‘ t;g:n;-g; :g:s:.ss +92108IATIE Ob «+273%03212C o) '
1S Jhe gt 23 0y O 1132418 2 17+ 172809, 19048,10 49210744 09C 08 «o2b74I0591E £} i . [
194511429+ 23430+ Or BaIR6:4Y  2RTa3%1.E 172746408 15%33:54 02078881 0E 08 -.261584755E Dl i Step ™ 30 minutes
1905100240 0 @ Q¢ 1448415 AT2LIIpe%4 17240308 ISALEH04 S BZOTHORAIC 08 «a28334080Y9C D) \
" tCEvAf tan CARbrUTH DEELINATIDY R ASSENSION aHGE RANGE RATE gAY  JenlGhr
1564 S de Qv 00 Q¢ Bzéad i 6d  pARNBE1LST Sa%3ETd.ps 16521%¢19 AT IS16907E 08 et MET6207L 2 1
1384 %¢ gr Ood0s Qv A26UC 60 1IXOACE.IE +¥EIINE DY 165212017  +E71187106E 08 41937974305 £2F !
1506e S0 44 1o Qo Co 26800,49 1971181478 -4878pg.23 145148011 T0RY92IIE gb +1927019ASC C2 1 Table 6
1986+ &0 §e 1000 e B poRoR23+81  «4B381Ds0% T51184pl  ob GOTIRNIE 08 <o 19)00e192E (2} ]
19860 %o 40 Po oo e b ppB132.27 =451728,38 14%0%ge A8 +47g12915%€ ¢ ngn_.anzr (414 4 -
1986 41 b P21 o 3 PIIEYSAL2T aABMBIT. g A06ED 7L oA6ITHAREEE o -2 dBBANEILC o2 [
198Er 4+ 8o 3e"Qe g «745:7,08 n!:angl =\ 5304000 ANTSASE  SALINMAIIOL o8 e 1RE7Q2047E 82 o
1yaés %0 8 Fe30s Qs #J12852.20  R132909460  =ABAOYRB0 164925425 0431075120 08 -+ 1877053206 OF 4
1986+ %a gy 4a De g0 +5BAL1D00Y 22I0737.8T  SABA210.00 164902:00  hSRTTQICAE QR - 1N5BMOL AT X -] Duahanbe
1986+ % 4 2adhe g «193929.9%  azédngle?R »a3A220:0Y JU8034074  BABATNBTTE 9B -s1aBOMABQE 2 [
1984 As 4o Ba e G oBapTaT A PRNIRASH2  sabadlY, g 44807438 (AALOn%2LE 08 w2 1AB243229C g2 0
L1ORE, Ny Be 85,00 D «280042,38 2321%05.08  «454000,4 4470013  L4677617670 OB <. lEnEE2%0F 02 ¢
L9080 % e & 00 Be o 933,00 RIBLELTE «0BAbAELY A0AT12478  LhA7036TISC 08 o AT INQIL 07 o
1908y bo av Be300 gr  AAYIRE00  2ITALIBIAT =ABNIS6.E7 TaNheS .01 W 4EV105009F ol -t A3LpieOl 02 o
1906 Ho g0 To 0o Gr e4INLLAL96  FIRIERS,T2 =a54905.28 16481801 1868777120 08 « o (R2VIBADAE O
1986 %0 60 7000 G0 #aBSY014T0 2011146098 ~95501 3447 160455059 669 45D0NE 08 <o inlfsalagt 02 0 :
"1906s N4 £4 Be Qv O+ oBAGRETEE  FeZE2YAJ2E «5Ti21.73 16ABR10 34 6661 22235E OB -+ 1AL XMLME a2 o, {g1bild
F1086s e §v B4 Qv 8592720087  paRBidecnd  oaB2F2Y.0p0 16AA55:66  6A87962720 08 =21 108ida 320 (2 o'Comet vis ty
PB6r %y v ¥ Do 00 woAVID2 42 PO2RTQ2.TE 48533644 16402840 wa40a71363F OF welbpiBNg22( U2 . :
P06 Su g+ DoB00 Cr »I000RG.4Y  A408702+87  «ABSAATLID 14h400¢#1  +LEBENTIORE OF 0§ INSAIIIE 02 g during 1 day
P64+ o 6o1Qe Q1 00 e2DQ30T.87 4718, 08 -uﬁs&?.n 164333:03  +A84BRIBLOE 02 --:TMESM'M: o2, :
Faby Sv L030v30e 0 €783000,8T 2108y 0BTER1. TR 164308 ¢4)  o56450132%F OB «a{YR947|5IE D2 o
fabe %v fol)y Q0 0 vd22332.c0 $2REB1Le3D S WE%R0NAE 160207078 +a64179%80€ 0B 04 PA53NR77C OF .
hu, Mo 8e21e3G0 00 =B1IBAY.E7 LICTTENLT) -tusfl-ol 16A21000%  +0JRBREONE O «o ) TRICZIINE 02 o
1908 be fails pe 00 =7YBAFIN Ip32p+9%  end00174 39 04142488 25ITTAN21IE (8 « o 17708484 OF ;
1966 %4 Ga {23300 ©0 . #730793, 3 J228103.99 =ag0180.59 J6AE10AT  S4EIT19028E O ~117721%¢72E 2 0
BAEe Mo £4020 Do pr  +p75D1242% LAG7854083 wnAQRETS) umu-t? vASEY00NOE OF +o{TETAILEIE 0D <]
P86 %4 801300 gf o 2A2gR LY L7360 +95 44033442 uhgu-o $E2NB2753E 08 -+ 7685T{ (AE CF o 6 A {1 1986
N Gilhe Or 0o -s"zsgn.!h Q173832477 whON4LLCI 163980.68  ,4422459X7¢ 08 .»175738225F o2 i pr
! SeiaadDe §= #SROASRLEY 182846.78 cig% Ny 14132248  +0ki9%0130€ 03 + Y3L1R6GR9E O [ I :
' he1Be e oF =4 85852436 19474940 #4658 16380400 +8815629299E 03 -« 7093401 £2 1
984y b 44384304 g0 “1"5"“ FLI60R 5T oABRTHARIY  163IB26+30 1841 3Z1N68E o8 we(2208%1R9E 02 1
988+ 44 falbhe Qo gr 36022400 {RNGMRSE wAEGI0O0NMN 163758403  +84100T028E 68 ++173297052E 12 1
384¢ Ay 4o1beBge 0 #318313,07 l!Mjla-El 461005103 163729443  WA8p6I7728E 0B w ey 722984 TE G2 [
4k Ao 44 42e Qu'p -eTg’Jhl! 1A83501,95  w4d1108.85 14370128 +560387759¢ 04 wo7IB462BEL OF 1'Close to second
986 % 6017300 Ce  wF2IT0A.LE  1RI5A0NNE #NGIRIZ4Y0 163602+A0 (6£007520AE 06 «417100%0pi 02 17 o’
1906y Aaeg il fe o CrE AT L t350Bh4eTh BYSFIE NIt 143004 Be  GATIFTELIAND 0F =01 700002730 2 1 foach thE- comet
236 A oo BT v . W 81RMEE 1383521078 =AR(N17480 $43535061  oANDCELONSE ad »o1A9RATIGZE Q2 y app -z
Shhe &0 Goi%r 00 00 wiCREL5.88 1422535006 <45{513478 16350591 +E6EF1AZBI7E OF < »168092009E oF i, i not visible
$ude 40 El%ed0e v LEININL00  IRAR738.05  ~A6LEE1NE  LA38AKe1  LSRASOAZIT OF ~+1LTA1énpiE 02 j. 18 no
Fa46 S qolde, De Ov  23523%,98  1BONTOMMTE  =NELTERefe 163%09¢310 g mhUANNEAL 0F <1674 02 h
986y be GrEgidge pe) WL IONLLIY  JERITINONL ehB§BRNiLN 1T840 obRAREANEEE CA - s 1L5RITESRE 2 1
$8bs-5¢ £olr G Qo io¥3a.x2 ._uggua.co whbFPAeLY VEITILAAN 26975657260 0B #0810 XGSE €2 1
$hhy Ay &e21adgr G BHLIEWRT 1450153458  «abE(224%| IRIRAR AR WAUTHINFREE DF = e} 6304500 DR 1
86y %o do22e-Os 0 AOTL8.70 1700920445  <MARI2Y 424 16321003%, W§TIIIBITHE CF -+ 15191924400 OF 1. .
18380 Av LaBRaNgy G4 AS1R7 42 - 1752IA0.00  CAS2ELNNe 1E58heX]  CABIRAATNIE OB Ws16L7R1IMAC 02 [ i
1R85 %0 60230 Q0 o BOToE.AY  [BDALGR.07 | ~NEDALESY  16J11Ee0T  «€SL7HIDPIC LA ~e150C36LTEE OF 1 Step = 30 minutes
1988 &iga2deI0e Or LA EL L LI CYC NP TYY LAY TY L% PY 1Y 167038 B)  w4TETLASMIL 07 wed DGR TC DR 1 E -
G 807000 Qe @ DNEANDT R9L0335.Q1  s8BMDiR]  MLDOILATE  WLBEDIRIEFE GA ~i503810005 o2 !

ORIGIHNAL PAGE i§
CF POOR QUALITY,

—



1Y Y NOE NATE 0<DAY jeN]gmT
" CLEYATION AREWITH  DECLINAT,On & Ashenpiow [ T17.14 RANOE NATE
. : 3 ApILRRETIAC OF o0 03965, 0P OF t
AN I A N FEETS T R H :fuouuig o '-::;::2;;:5 a ! Table 7
DT Mt R 3 EOMSIidg  0)DNeME cBelRAIeniC 09 an
RS0 520104 200 o FITTLATYS | [LHIT Y e AL By SaBhidtoonE On !
:’:5:}":}" i '"""3. " "5':‘ '°};§E'ﬂ 2832!3 ::J!i:;(ln.rc o% ~reatnsssat op L
Ianiiliasednedse 00 0ksdn.08  Atading LM $0009000  +IITITIIIIE 0 +1T50227L45E O 1
o i eias o WOLE  Wlubn  IGnly  fnonde AmEaaac o minzns or .
198810414¢ :.::. o ;;m“ FRH R Mot 8877170 arpaanc o3 auoac o 4 Dushanbe
! . e ! M OF oele o
RO A i T i
1990100 (e i0: 050 ps 3881100410 A R+ H 89742087 WROPAIIONE 09 = eSA1TGNRAI0 02
1398010 00 a0 E8s Qv JIndZesae HHHH ittt H BECIRAT  (330TNISTEC 0 =+52970A705E 02
R HACE 11T L L T11008008  B081eids srooiesirer o3 LisamIoAliE O ‘
1102210280 g0 J9IIH.P nms-“ .hm;u Sedies0F +1ISBINOBOE 09 -oB32735727C OF L
AR I S L BN B 201030453 80230448 4 19302¢3Ta€ OF +o420929923C DP !
MR M S 3 S THH S T PR T4 PIOLAISREIL OF o 0820 2T5LANE 2 isibility
LI5 10028 1005 Qo WIL0IT 20 EIYRITEEY i ,,’“ Y 83000473 +107007501E 08 eaiarbateaE op { Comet v
Dbt & nhiaR  ninen poster anenn FITTIRI0ISE 0F miR[adB7N1EF | b during 3 months
Era o PRI T NSl B FT160 05 Aa0ante 1laayiok B wiElsasTari o2 uring
" i +4% . » (-4 LT b v .
e Rt g o B Rt R R
e BUDIL S HRONE SRR I Bng clnIne g ohen B
bnbini: o ol Rl 218529000 51408 L130004273€ CY 4and3630eF 02
Er IR S HE M 1o S P 1 700 S M BLe32e86  L{SL815625¢ 09 s o ‘
el i o . 5 223400, 13 5100S+Ad  21070TA3E]F CF a4
P64 00130290 €0 agltld e (33041A,07  323va), . 33 LTI o
A e o o Rl I
9 ] ] . ' .. " ,
‘“"i’:‘t' LT T T s L b LRI L B L 3-~=*:§;g°;§ it to 15 January 1986
AYPRL 4L Y0102, g . 3 L 07«00 1305299 ¢
izt ':13’33‘ O Gt PRERA DRI uBhSy i o -:iéu:ﬂ:;u: £
L] e 9 125 @ . 3 ' 3 213001 A8800E o
i Ao S R 5‘
iiibtiands ¢ N s 221306417 Sidanedd o 18801299C 02 ~a3%a00A2]
Blaniini, o Jsaaliel fsaessias BONLEA  AZEDRMDN  11IPBUSOAGE 0 -i3T4IN18RNC 82
LSS 10 iDel 20 2%e G T1%833.1% 1570753400 0 93. 3;46107 Pee0ioe 0F idlisiseae o \
500 pan 28 o AR D LTS R I T t2e112422 ' ' ME 9 Dl nr at !
e I S R T OIS L - 1 day
HH T RN . 12602,90  13%A2. 04 102002130 03 - 124 [
et linie & ML e oo WATile TI9I9.97  +10GESSAEIC OF weRPAIRGITE OF L
ISAB I e iga 19025, Qs _7lu9l-31 FOGT G [ ' ' 3 HISHE :
HENO I O T IT N U T R L S B T R .hsmgmc cl iTime corresponds
HTREN T tscag, 25384 &19C 08 «u[oARGIASOE O
I L i 50 e paindl NS0 ey aeemania o .:izoéil;szg it \ to local mean
IR N 3 : BS21B40  FPINASLA  o32424A42C 08 »49139112) -
9350114230 19:2%s @0 $300CAL Y 2172526107 | S 20 08 oI ol 1
e e R S .
1o08s i neiis.ans w1 VA28 L 919LBHOTLE DB ~edINATAIA
e CAIN7.0  BAADAgQR) : 1 \
HEH R FHEH ISR E 13729061 132¢458A05E 00  (ZASAZRAITC i :
s, 3 «3AY  YehlOwT
TSI ALIHGIH  DECLINATIEN R ASHENGIEN RAMGE RARGE RATE 0=
e B %] 1518432 1Rdoreil o 9236AQT1AK o8 5.:&3;&25% g{ t £
-.m.n,z;-{ﬂ‘ﬁ- g' :gﬁ:;':; §3§§2§213 l;z?:i-:; :32?;.:: ::;;:;;;g:}é g: ::ogsnmt cg :Continuation o
aiiiiie 1. 2ae 6o i2%2,36  2ANLE7 1N020 31 1307346I2CE OO 11321013108 ©
45515020 1T0R5 O ?‘a ] . LE1 12501407 51%43) 4 & TiBELatEa0L OB V.
t":%}?‘ Dhan b Rehn ;E;::zs';: siégg:;g AL atdicRlIc cf ishaalvant &t }Table 7
1280412 2413. . 2I6S2,44  3420118,79 1110214 Wy i O lassiiiaer o8
19E5+ 28 Jei9:2% s dul'z‘é" YT H N 10717049 2 57.5 . L o e 8t H
e sanEr S nad Beials: 'hata Hozeds wioptianat 03 wataalieaan of P
I A M H P A LI S S I T T Y 3361 1100 7IIUE 83 \eR2aTRRECL of i
AT I M T 1 1 W o Pl PR PI Y R PP it 10701613 03 +36781683eC OF 1
B reiae Biiifes 0 iBedidicy  Bemdaiesz  212edagd  2isioe.ar . Q014130 03 2itelaonar cd }
19P9 )2 Bel2elhe 1 !uslgﬂ iTDZ‘lhar 835%6.)% 239434453 .IO,QOL.O%E 69 1pecAIEII o2 H
190541280 Gel9.R%. 3o 199303.cd AN 99633.66  23300%:36 4131 3 i o i
. 113e385200f 09 +3p
19084420 100190280 o 5’720 ;9 272h 100 M 817070 l.ﬂl:‘?-;; 3 COINERIE 09 +Di30MNGaZE of i
I HEHE TR N AR AN i Moznaz  B333047 oL4O0EEIE 03 +3ia0Mads” G !
1939012012+ 19+250 C» 14 b‘ > $1990ei71 2083}y FRIEIETY v al\q".”,": 83 )2akapiase o2 1
1918:12:13.42.28- 30 NI0i3  Fristiaees  MEiaE 23ajEs EATIIIE 23 +J2sdantese o2 !
dinintnee & IRIDIY Preadhear  dootirz  lodgeasl sle e H
N : 28199300C 0F +drg
A9RS 120180174200 g0 N3 ;2 2175509148 FIge0abg  RI0439+%0 ;13“27”“ L vt h
1989012016419 42%0 Go .3.,’ . [T 280977 P28%3g0.02 ) . AR H
~74871.77  R7RSI0L. 225306418 4 1300T)LINE 03  2DeR2E{90
Ein A gee & a0is.a7  Erysige.ds  1¥Sce.gh Basan L137083075C 69 +3511eaiail 2 1 g
B e ihe: 5 JIl2%tieav  aofido.Me  In930.75  rasobas B ocidonarEe 63 Sl c2 1
1985, 12191925, O -1% 1[5'22 HIB022.97 5245 I IYLIYS) "nunolc 03 i3iewSareer o H
1983 1Rz} 0425, g .y éiu':u ’-‘!“' e PTEINY Il*!nh:; nl‘ﬁ“, QIF 03 s35srieecer ob H
AT 2ol e 1288 o -H. ‘I.&b HEN - v29.49 233933+ o 5 suS\t s e o h
19n%e 1 2e22019P%. g0 16 ?i?"’? 2504484 .88 #2130092 B2MERTBY  4148214) [+ cediaiaie of {
M . . B2E6L{TRE 09 ISESLNINLE C
194541 20230150280 o lg 2”:12 FESVELA 14 v8133.28 22328 ug -15“.05"5 O T3EiEACRSE ok h
19K50 120240 (9435, g L3 ADYeph  SEBNSIS.28 viaohEebg 2:’2903;5 -15‘”25%“: ) ASihaiist et !
198%:1202541942%¢ - -all.ﬂ-g‘I BI7h31L 004 Cwelg80RI43 PR2642082 o JosdeiE o Enlir t
HSHE I8 F L PRI N P B He R D231Y le1deandr o8 aa2caskd: o2 !
'l,.Q-l!og?- 24290 G (¥ !?n-‘-: 243078990 “{5327a48 ER210597 01"\;651 gE D’ '3‘;“3155‘:’ o \
1905.12+20045:25 O* -a;ﬁla:",} 304857451 IR FPLA270Y ”!:7?.7;0‘ gﬂ R :
OS2 254190250 0 . ‘25.‘2’ $475127.89 2250334 19862 W20 ;? Eg" B 33138579%f 63 H
1S RedC 19025 O .”g!”‘ﬂ 283848700 wga357.84 PRY1ILS A2 -1?:230”5 09 T :
R s, o0 posaiee amdiara sl geiloNdL TG 08 aTLINT: oo !
we. DRI R OMIINA BSAENe - Dol - andsiy b 156t 01 3patoneier o2 5
Baer I Bl 8 careredne PREISCS  SELAOMZ  BRORION dISLLE 01 deslerelir G2 i
Aher 1o e10iis oo SIMABOTIY  Kpiideedh  eodiz.eg  Bokai.oh PAIRAIALE 55 \3iBvatiaF bb 1
e o binres O CREBNT Batesid - cainas  zzoibed TIARIEa0OiE 59 vhaiaL e bp 1
a1 Gniine B IBDEINL Dameiiady satdarage  Breoiaed sidolbagoit FHE IR R 1
dihoe 10 Siiovres & TIIHOTINE  o0Sii1ed]  eeiIA7oRR  BIRIL.ET siesbIjeAt o oressdt oo }
T A I 1 AL 4 T A HEASC R W ISR 08 3ountiis: €2 }
FEAHE - -+ ol S LA 4 W3Ta8700e  eaEnsens E1Da1, o0 1979a278¢ 08 ISR 02 !
1780y By DiBaade B ratalodeds Nodaen 83,31 152230 L20chez00I U1 eRd7AITL CF
'“3: TN SN Ve SR P ::Qn:‘ufgf glsgaret o2oRimdziic oF oRACALGL. O H
15ade 1allaida2h w3 2ri6 =SnBiT.37 1T iy
GIE GRS GG e D DR mdied dbime
1998 11111923 b wh0364 70 + ) 3 iRIERLL s
3T0r Gr  ra3AEAPS1T  DiplAdes7a . A Sy nulesealc o }
Ton wlninie T iRk BN ThhR HuNSs e .

ORIGINAL PAGR 18
OF POOR QUALITY



[l

RANGE MAYC 0+0aY  juMpouy
PESLINATION W ABugnsiEN Manar A Gca . i
0 0% v i ROOYOSISLD
LT LTS FRTTY R TS BT A '
S HII D LRRIOIEIBEE CF 07 AIDANIIE ¢
GEEREDD bR OGRS R s e 8
it ' s | ZViegh  S63ESES M 4 F30135:0%  opiBYhsl Y NIITE ! t
1986 Reiky 3t o .ll,nn.n ANINEs 2118110047 ”“”'& BRI RN i |
1908 Rayny Co (o O i HETMH Maaledp ."gg Si3p 104300043 +E110DI0ESE o3 sibTatraIE © ‘
b 2 Cr g g "G A H « 130,08 o . N : Y s &
EEEEED W S R M GRe Gummmg
VIhs Eopre B STAIILLES lgrotisil : FOWAL 1Y hoetatabeE O Cihne l
i a8 o & S BRI T T R 203010041 1R0)ABMAORE £ +id2 102680 oP L
A T S ETETY IR B AT R I LT & cixeiienir o '
R W IR 0 lgtitesa il ani AHRA 8 R :
1 0% eghy U O G 192349 “j;. 9:" 133294, 42 -H:"!“g‘.ﬂ: E, IR !
O 9 00 &+ 232634001 jHaIhI e BRI 6f w3 Lol o !
134, e3Ee Oy o & f";?;:;? Laaiins .u:;:'.l: ;:{!q‘,’}mr "2 ,.3%,;;;73; 3 q
3 I TRET +1a ‘.'_.’ H i oy 3 eeiy it ¢
IS o é'. It IR :};:ll!;g.:g Nahaeee & ::u:j:zfgg 55 g'Comet visibility
19360 Jo 26 T . LEx 1131 113 Cevig N TRIEL A R T {
fones 3 4 LSl 134005 S T A T :u.ymzwft § s a2 ! during 2 months
};:6: Tv be Qo Qv Qv E";::hJ:: !{;Eigl:ﬁ -Il;!‘u»i’a 'l“::::;bg %‘ :.H”“”m G2
13660 3y 740 30 G0 20 2558242 ll!l’""“ «13207 %0k -I:I“”z‘t I 8 A
19464 v Ky 34 Q9 Tlllb!!obg l!‘IME'l"Q NI I .h;"ﬂ’ﬂt S N o
13404, ; b I 3- ?,° g: ::'.:33!% iacss.fa-u .ggagzg::‘r; Jacita.an :}2““3": b ”:;:f:':‘;:g g: i
1964+ Jefos O O 8332050 1231725041 26 AE a6 e
b 24 Qs O+ Q0 H s211540.00 l‘,ﬂ Gl 3 PEL I L B
EITHE RN ) 41920441 HHEIA -aincg.n eI TS o TN H RS ! ry 1986
T DN E S0 RURE bNLELN 3 0Lt laasshiid rhazIen o JAIAseE cr L15 February
F984 Yeln) G Qv Q¢ T I% 1 t2An159432 25501 i LI0¢84995¢ oy oovad .
SAbe Jey8y Qe 0o g Ao . «2IMI0 28 195048, . e AL h
fanee Blie o oo oh N 1taossins Eandae il 12IHTE 03 sicErne 6 ' .
HEME DS b LGNS HGER B s IR L4 apral 198
i 2 G 6 E598: Hanhi o £\ 194992020 o | RGYRHIGCE O o0h30730 . ) .
RN ozt 1N T 193926080 W L1C827500C 69 seadeNBhIBAF g7 !
LIER Hotaiss Bl TG 193120098 {13ORAITEE CF «\\ININBECAF o i
1904 121, By B4 s l{?ll’!” 100304823 S27RANG, 9y 1T s O Tihdseer &2 ‘
19460 1122 o 0 Qo 1“'“,,,, IsPNEEALOE  o2B07T840A 1321335078 (1p84a5910F 03 —rh28d4c3dE o3 !
IR R M Ba035  1aie0r70 sioseniabor Oy Liildsetcelc c2 !
1060 Telay oo 30 i Hhs I “350250424 e B U N BT ,
TR R WiEl LaEay aneeis 231731 aeaareaiie o *esCo8)50e0r 02
Br Je24y G0 30 £ LBl c B rLINIVEY] 1yaM7, f RSN !
N 3-31: Soa e RN liuneds SMinhe  basawiio HEHERT i o { Step = 1 day
HER I A I PN I H T LAMALISTS 18931%3085E OB 4o dend
1956 30230 00 Qo Go g I I T n 15E of Lttt o 1
. 135640 i ! 38408 18274603 Jaja00} '] = !
i Bk 8 e g il dLE SN 181605480 (70848508 08 «+31)707295E © !
1906 3e31s & Be o LeSPgrds  1e72:27.08  oa910h1e o 18140308 R TR HY ‘
T 10““‘“ A EFE S l?Euu-u s2INTRA0200 DU 9 PE77RTEGLE C2
19880 %4 2. Co 00 20 ",,mr.co LI3659492 =0 i5had, 8y e , 2N 0L it € ‘
3134482 J711030
N & o b MUSE 1322 e41i580,7)
2 =MEgHT
RANET AANTE BATE el
PigtH  BECLINATIOY R AUSENSISW o ‘ .
1 CLEVATION allty " 4ge2s28 .asum:;gg g; :SE%S??m;u 1 1 Table
119,59 431811043 :oag: i3 S I .zs;;sn;“t 8 niaainita & |
tlbe i Tetle S - #22%14 63 ne 4 BOYeTN0 24722 LIC o3 Lissarslaust os ‘
{3:3:18:1?;“.17.... Someest  edsiias 2018331 2g21 18 e aLaclar 07 DBt o l
By v $16557% .1 2 . 7 013397 42 3 288373500 & .
1985410412008 170k S04z, 44 01906440 £07%2].9 grered 42129390AE 03 . St 2 i Perth
RN HHOTE AR MR R M $583anat 1Eadaavac 05 - 1969019 02 !
R AT I S SN N - V1209200 £} 44347 2 L
ar . 33043 a2 3 BN B8R AEIT o
LIRS, LOs L5 18 {,.u. Be¥pb. 2y ‘;:na.uq 204940124 =5ﬁ°l'!’ JRIBNOTINAE 4 AN B4 h
uab.m-;&-n'nua- 2481742 8 LA FELE ) Ba23a87  J21AT130ABE £F oo "ﬁ??ﬂ!r % :
I’l!-lh”l“";.“o 160134 ,%5 LL 29,44 BO5TLS.4 & 2&:17 ‘210041210¢ 09 ..hafﬂ?ﬁﬂt 1+ ;
TR ST ineiiaise  aan1sis Sanae 1t 3cadiaik o3 IV
V25,1001 0o kbalTe il 18333, 00 554} i 210526164 I NI G TR l
R RO Mpnn o IO i TasiAE 2 tiasaizasnat of 3 ilit
A e WART el 8 UBRRE S Y iipildty
. {Peads H . 2551890 7% At ‘ 9 i6Bo8ssCLOC oF '
0T N-u-n.u- 162900490 agafany pi27B4.%2 195008 1 1A25P0980E § 10758000 o5 h 3 aths
e L Baly  deds 3 820,77 (IMLIS1OL 03 .u3o15602E L2 ¥ during 2 mo
ulﬂc:onzs-u-l?-u. 192820497 (LI 5os YA 213298172 51, é_m Hraentor o3 "n‘fuénm H
EHA A9 L0 PO S 72 4 MR Eieenaad L IR g2 tisgiassnart o2 i
198 .|o-n.u-{7.-:i 162910447 -55153'9 Bia129411 2 ﬂ VPIL +1E8048779E 0% wob ougosc b2
EHHES TR It Fiihe  iazaics  miihcras: S2307020 +180789163C 0 Liiia916s93F ap 1
THERTICEIE H8 EARCHI 1 1 14 S PER-S PPV 22307024 4 LecTeateon 0 -1 fizost a2 ]
19081030140 N2ie. 77 st 1554414 5i%) SIS ICASE L8 edTPs ? b
olhellents ? 99573454 805007 s192 ATHeTIE
i::g:}fl’}.}:-ﬁ.:z: T ;sauizi; HE TR 2{35}'2 N RS ::*537,;132%% o8 ' 10 October 1985
: : Sor . » E
i it HE RO ioatean  SacbAsg T130608050E 07 SendoraDeRNE OF y 1985
B I NRER Ml G BHEh R S IR S 127 November
. PEITN PI301R160 ‘ “agE4eBL Zeaisiaprast o )
SRR Pagd) b0 Exjeim.ss N353 TE 412328510 OF A755200 02
15084400 ‘-lh‘-p.\h 203995+4) Fig] 208 PR{I5648Y Q:.’." B . 20TSASLE 09 ..Qggwﬁe?é H H
HE TR CI AR £ 3¢ T I AV T 53 F2iBuEegS 270844 +12a7seesit oF Diitini o :
il S S R TIE HIN Y 22380.03 “iisa7oReet 07 Teanieert o L
19At 1l 'J-M't?-\d‘ 197181 u-g.; :“ 22165072 )2"5.3. .usie:ﬁo‘c oy "“'5:25.2« g i
Hiihiniedlng REN (e LTI -0 o 1o L o2 b .
S 03036.28 26740194 TR ,
:g:g.”:{é-::-{;’:ﬁ- R gga?ge‘g: Eoearean FEI BT .:a;“;gr;gggi :;Step = 1 day
MR Ve Yol B i 21831894 » 0313 L100SPAOTIE 08 -iE77835s SC o2 i
gl el RIS Plezvaz  Jecess GI9TEOE 09, o+ 20501 197 {
) Al ebhs - E2LRTTS ; KT . A
:gﬁ:ﬂ':z::g‘{;'zf' ERr 3?:':‘;*3'.“,} HITE ;3;&;.%3 PERaieaniE o1 :i:‘éung:é 5 iTime corresponds to
TN 3 b3.22 2 a1y .
it MoTEaet  Ivptiaca;  DLsiniag ASAL +aannanaart o Distaieechr H n midnight
S dmew akh s B TR NSRS Vlocal mea
3abiyezgeisetTodes 6GERY, AT NVAZIFATG 193048, 84 BIE0L.h L333008767% 08 -a12dIastale 0 1€
it e pan o Mimhn NS gargsite  snlbg Thpadsorizor on ~odolialiic of ]
1323:1155:}:!33.22: 3:1‘}:1;';; 35332?;3:23 uamo-;a ;;g;g:gf ':sgmemut n‘B ':Egﬁl;:‘;‘iié g; !
H A Yowniiee  nizeioy {5848 . IBCBa.sd V302031500 08 " 2rooMenat o1 t
AT AR LOP R P, U AR v T T T R .
an .
nlaninine B _

FLEVAT O

alimgr

+

: e 3
CHUEINAL PG
IF POOR QUALITY

34



1944 %

19t
19k
13h
33
19
193
19

195d,
15400

19
i9¢
(1)

1944,
1908
1956,
LY
1986,
1mbe
1946,
1946,
ITLLE]
193¢,

és 2o
M
Iehy M
b
i N
ftie 1
iy e
Wi b

tis

LT T
2oibedie o e
Terrelie @0 go
Lejarlla G gy
Travsdie A0 po
Dakgedls g0 2o
Le2yslye g+ g
2eddoljn 3+ Q¢
Pepdsdis v g
Fedville 00 g
Eog3odye O o
Eoldolis 00 Fe
PoR2el)e Qe o
Reflally 04 C»
Je Lolye Qv g+
ks Qe 2
Vekir 0+ Qo
el % o
2925 Qv §4
Wity Q¢ 2
Talln oo g
Bocie Go e
T IVt
Torgelte g 2o
111102y El £
LRI IT

Iegaadys Qr g
O IR - T
IogSelye Qv o

LITIR IR TY
noe ninih & &

Tolds 30 &4
Ieldadys b o
R ILHTETRT
Jedgedye g0 g
Vexledte 50 o
Togle2ls
Jiglelyn g ae
Jepuedia O g+
g
by + Qv Gt
1'2!!!1.
Bodaskle B 2
Ji2Taidte 3 g
« o3zt e @
Padedis 90 2
1e2lr 00 €
LLEF T3 SO TR
0 Jelir Qo 0
LU PR

1iht

e me Behe Q8 L0
be 45 hed)r 00 Q0
B e TaBts T+ G2
TRIRSIIIETNE
be tr B2 5e (0
by Uoli-l L1
G $elledle Qr 2o
s )27 Qe O
LEES T FTOR- LN 1]
& heltnalle O L
be daiBelte D0 0
Ge MelerBle O+ O
hoydelye Do O¢
Nejlefie Q0 G
SeyTelir O Q0
3Gl 00 04
hapielle Q0 CH
Sa23.8ir 9o Gt
VegaRie Qv ot
Se24e2lr Qv O
r28eF1e O Qo
AsBLelte Q0 Co
Ss2Pelye QO
beagefie O G
Yexsudie Q0 G

108k Sa3p48)0 Qv go

1946 By
19844 B
19684 5 2402
L1l B
joads Gu
19580 3o
1946 Turve2

1+8ls Q0 Do
Relis Q¢ Or
e Jr Qo
@ Qs O
Qe Qe
+ Do s
« G2 o

' ]
LI
(114

§U46e Se gulis Qo e
19008+ S Yidls g e
19%ds Br18.24% g Q0
19uEs Buypelie G e
ST 5-|2-£ -

1216+ Doy

§AEE Segal
1908 Sagn.p
15860 Beifd

1
17
A9
19

e

‘!tﬁo Bezaelie Qo gt

Qs O
v Q2 G
+ Q0 Qs
'« gF Qe
Rbe BetTelis Do o
the Segledle Do g
nbs GegSele Qo G
[LIRTF'ZY ITH 1)
Blir SagLslls O o0
Pei Lopdalie O Qo

oRIGINAL ¥
W POOR

LLEYATION

L1331
FITII A
[ LTTTAS
LRI Y
LTI
L 3TH N1}
PLEELIST!
1!1’11.1?
1300852
13830100
1518507
HELRIT L
TS
"*gg,ll?
138830414
asiz, by
[RILEARTM
P72 ey 39
.g:;g;.?;
v 1423%02
Mg
67
L M 1Y
V4,04
FE LAY
e
NNy
39 :34204%
Wld2zEs?
LRI AL
asddiapde
LI
NI ITY
BAN25%e T4
2218+ 407
141230418
Shelile]]
549321 42%
SR TL S
#73245,3)
wisi2ein
LRI L]
TigTi1ea9
731934494
M2
E02440Y
THh b8y
10000
7176123002

CLEVATION

el
yeade i}
I LINT 1]
#1785 90
q64234,04
biv317,27
We?17,7%
ML T
witez.nl
12034%. 28
FI2437.93
2331%0.00

«)51708, 48
«3T30%2,94
si#184],A0
21910547
-al“ ;-ﬂ?
IV 3]
20991490
a2¥gdeg, gé
e202027.49
294105, 81
wgn533n.gh
gt g2
«311427.92
-:~1!~6.;\
_=3EREY02Y
Teasleay, 90
044,97
‘,200‘
=3%1C06.81
400199404
LI
Srisangr
5y \al
«410854, 20
43504892

Qu

apfe

bl LLTLT]
LLITE YN
L LS L1 -TY T
LA (ALY
174384479
LTI
bR TAT TN
A Telyd?
$.2481,1)
i 23074
$.0Y .
LML IS ARTY
L0008
LAY RY S
yvaraps
AR
AN FSITT Y]
Aezetditp
Teibigein
LA R
3443145
Jeleiy,ig
Faxtiaedd
15 Je
"*’la.ln
Mihny?
¥5a0ds.Ca
36272919
111753407
NS
. 14
1228502490
10529182
1623256185
11135 a'gs
{24274% 18
1370034, 18
15342220}
1743302, 00
113070494

allrutd

POAIZLA NN
21T4Cugedn
2235135498
E2e0T5T4CH
TI10TAE2C
29250072
2348820,2¢
ISy 0e 78
F3 LT TR NS
P3THink Y
FITOALN ST
IR IL 06
PAREH2T Y
230 00 0N
TINLTANAY
l!lg!ﬂlqlt
2312706404
PATAELT YD
37015447
$ITQRB2 Y
238394992
LIS LT
EI5e5D504%
2351901493
2INAIST 04
[ LR TITE L]
311314444
FETLITEIY |
L EEININLE
[ SIEEET T
ragtdvg e 1y
2301507 .d8
PEVILRS DY
2RRABNL 4D
227%424+ 09
2782430
pzb;;ﬁ|.ﬂ’
L AT
2EMER 70T
PEIR L RM VTG
2eEASALYL
PILMABAD
2203019440
R195020.23
2iBAD 1081
PiYala%edd
l}l&!)!lli
215270Reid,
210205 BaAA

ack

PYRYN

ErcLinir)ey

EsIN T3
LI YARL IR
s133151419
MRS ]
1) 6903
LRPLLM YY)
DRI IE L
s Th e
LI ITET)
el¥ctan 14
LI%I238 TN
LI 13 RN
efhigaie
LIS ISET L)
=fehpdy it}
35441 TLT]
123750, 44
i iniInye)
[ELERLIY]
LR P
T
eltadngeg

T30
vdisgafa iy
LEL AR I
ekl LihilA
Y]
LT LICLYVTE §
LT ITSTY IF T
+2027c0413
wI81000433
«24%L2%. 9D
(e I 1¥ I
2h. 858000
29361099
142041
LIS IY S
+J2NEEL 0
2115200 ¢4
L MR ]
3h2505: 57
LEAT DTN ]

I

BRI ITIRE]

LELFT T { PR N

DECLIMATIRG

ER TR 1
k1302019
CLYLLLTTR F]
sh7iT87, 3}
AYL424,03
e pr G20
LT Y3111 Y1 -1
-qasrbngo
+43270R. 5
ehinLon.20
ehgqgdvbalg
LR
ll.:gHBooe
#1242
-Iaq&ol.u
291007030
«PPAEID S
2241802402
YL ILI TS
s2IAZUAY
212209490
IRCLITE . 4
=ZALECA. N}
19130002
18191608
s172031,81
wlbdiiled?
1 98Toge T
LU 1)
T LTI
siepinily
o327 02
-ll!ﬁ'loﬂ!
122556
| 150402
=1134%89.43
s3L071744%
o
s§ 22
*10u191+52
aSARIR 1Y
s2019.42

2 s
-lo?ig-l)
Ly 1L] ]

LR

L1 EE ]

(1132 TYLY)
LA LIS
[ 323 TEY¥ ki
P ETEEY TTY ]
TELE ALY
10
l316!)012
2334040 |2
12122401
207L%q104
LELLET Y
LIRS
220410054
2a2vhiel?
12230097
EFHIATEL Y
PEIRETTR S
271704438
PRI
BBl
a4tFEes?
L4815}
T25745038
LI ITE T
li%’l\l?ﬁ
177254477
VIEART
(R LLLEANT
19515247
195007482
1Iathinidn
1990
19erg3evh
§9)k54e92
15319e 7k
52719020
1922124
[EIELINTS
191769387
Jaslgeld
Atharisl

® AgGENSIOY

16551505
TS ITIE]
l$c91109g
156455,)

1918000 3
14820137
1epa3ze 11
1tgz|s-’l
173934040
1piasahd
1200p7+0Y
1243204 40
122A30 0N
124% 422
1203211

1199084

134395479
113944429
PR 8?
12157+52
1180004
1160803

16913772
FRTLIY Y 1
1ove)1+88
10413151
16144405
toi?ﬁd-gl
18 ¥ 04« D0
103a2dN?
1p1% )08
103341454
1032259432
103122475
103628402
1429318
Angdspeph
10575039
JORTLD4 20
102648439
ks3]
1a2lnn e
1o73p1491
Lodsai e
102443028

Rivay

BITITINNE oy
s IRIGE )
1RV EYISeE of
ALY EETS I
1RLAQRIIRIC ¢y
AL IS LI ]
VRINHERITAE o)
+20050313%¢ g1
QNI ¢
«251LI094E oy
1542510730 Y
sLYREITeNE )
L ILISYY H 4t
189102 002C oy
LI48YF L o
cLR2TRM04T £
R LIV IS T |
b0 34% 0 3
s1Y74d i L
TR

B
mOITACY ™

W IWTR0TE £
$}59285108 &Y
tLIhLeAeQE o)
SJIRINRSLIL oY
!
261NN DY
1§248222000 DY
HARIS8ATITE (Y
3 12293070C o2
13807400 oY
+1C9826 709 G
1abL 1998 o9
VIR2AERLANE Y
yYELNAVTIAL oA
ISIGTIERAE 33
13195710480 o
VARSSALANRE (4
1ISISBRTCAE (8
vdF5 B0 RINE oK
528,90 ci
v JAVL|GIE Ca
sTITIIANIE Cb
IIRDEAOE o
WAI2ITIINIE e

RANQE

147337390170C Ob
4867927113 o
+e45530800E O
bYET17MeE 2B
14316004070 o
sRIGNALERIE o8
112002000 G
63390 E2E of
b80413170C 08
1hbABRUOBIT O
PWA2IE2210E 0
+703269144C B
-1:129&!1>t [
«7831875127E o8
17830030108 o
1814761952C DR
+087700873E o8
WIPEI2E09E 08
«91504R90F o8
15740490 ¢
+1906755295C
1501742200 0%
1107RE8Y5C 09

JIZ1221C oY
1164270916 ¥

o PpB2i A9 Y
15269951 0%
o PRTININAGE Y
VI TE o

JIRTNTNEE 09

1AIRTI90NE OF

BRIV IAE 0F

s1ORPBAAZME D
+18770%258E 03
16RATRDELE
J1872623008

T 9
I I T

o TEI0MRY

fRLTHIRESL (8
fIBBALLRETE &3
sLILABET2IE O
11767602516 0F
seg126pl69c ga

spobifaastg

¥
W2L0INTEC 08
y2IBTHERVEE 1Y

sarpbba| AL

JEXIRO;OABE 0Y
TV

L
-

MabGE R TL

seREMDOPY SE g2
DY LLITE TS
erRasbLTRaNE (}
L TEN T T s
R ST T
srRRa AL EL CF
e R¥NLIINE Gk
--!i!lliillr 1]
e s IRV £}
X IAR TS ] ]
""Olgii;il ce
=+ JS0¥8LINDE L2
LIRLL IR TY FLI ]
s+ 3480 CF
«+ 218918510 g2
1 JEIII4C C2
LI AT LLETT Y]
o JIVIAN AL o
047 dngt e (2
wrd RAEmg | P
S ALTI YL £
erdldfad, ptr £
AN 2RNL GF

R HE LI T T

erndGhitete il
et XN RN Q3
LR T EEY IY A1 ]
«AITAINIINL C2
2NN 02
saesAIB440E Q2
sraadaalycy? of
nrh 33976l ¢l
e h)DE5 00y 08
ersIP2hALENE of
«raJassia|E oF
XL E TS 114 gl
siAbhIAGNED D2
SN0 97T 2
siNsCLIANLL T
wEWASTLTERIT [
o ITRATAZIC 2
sEIBNLARRYYE (2
e LTS Y]
s J3a b7 38 [
301820471 CF
= 1859791E ok
= 2309493888 2
o RHYTCAGINL (2
wilIJRAT65EF gD

Rakgr Hatg

= 119973350568 Cp
1420790720 Q2
seigyIeainIC 22
«e792K16437E OF
NELYIE R YL aNT]
s1961770%0 ¢
30800800 0
pgaR1e29)C o
riskiphpl¥E p2
SLATERILHME €2
sJ2rohoedN OF
it o
29435111
-11&-5#;:2; gz
537228000 B2
$ITRILICATE b
+39980ARNLE o2
wiglihakaL of
QPIALIYIL . 4
A% TROALIE 02
+hbRARTRITE 07
WIS o2
wEEdY0|23E of
950368790 O2
AT L LY Tt
1514808
BB E2020% G2
+827370265E oF
WBYIARTEIRE g2
fBITA20IINE o2
1Ba22M1020L o2
g1 8N075E o8
M7 2%210F Y2
insabpIN2C0r oF

o7 STHANINGAL B
0 +SSBLIALLSAE g2

SARIPARYL R

A0 NS ok
S5LANOIADSE o
WSLLTELNINL
AL p
*RENTZINELT (]
BEULSIE T
WLeSTAENIGE 07
WLigeteing ¢
$5P6EEELIIC 02
W870793 P50

[T
ARTQTFIATOR OF

18

DoAY
]

[

bt

e

{

1
}
1

DebiAy

{Continuation
of Table 10

n s e B e - o

o e i R B e e g e e B B 0 ] s R T e R S L gy T 8

Yol ignt
Table 10

Perth

i Comet visibilicy
i during 3 moriths

, 15 February 1986

23 May 1986

Step = 1 day

 Time corresponds to
local mean midnight

1-H1gnt

A

f

o T m——r©



	GeneralDisclaimer.pdf
	0001@00.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf
	0001C12.pdf



