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FOREWORD .

The study desgfibed in this report was conducted by
Lockheed Missiles & Space Company, Inc. (LMSC) for
Langley Researéh Center, National Aeronautics and
Space Administration, Hampton, Virginia, under
Contract NAS1-11609. The study was conducted under
the direction of D. R. Brooks of the Space Technology -

Division.

L. E. Cunningham, Professor of Astronomy at the
University of California, Berkeley, contributed signifi-
cantly to the effort under a consulting agreement with
LMSC.
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Section 1
INTRODUCTION AND SUMMRY

The objective of this study has been to assess the current state of minor planet epheme-
rides and to develop the means for providing and updating these ephemerides for use

by both the mission planner and the astronomer.

Mission modes for studying asteroids and comets proposed by mission analysts in-
clude flybys of single targets, multiflybys, and surface sample return missions, Of
particular interest as a background to this study are the multiple asteroid flyby mis-
sions proposed by Brooks, Hampshire, and Drewry1-2 and others. These missions
demonstrate the need for readily available estimates of ephemeris accuracies, inas-
much as their analysis involves a large number of constantly changing targets. Velocity
. increments to effect close flyby of several asteroids on a single mission are highly de-
pendent on the relative positions of the asteroids. From a systems point of view, these
ephemeris uncertainties impact spacecraft propulsion and acquisition and guidance sub-
systems and thus could tend to restrict the number of suitable targets. It is usually
assumed that ephemeris accuracies for asteroids being approached at flyby velocities
should be on the order of 1000 km, but a better estimate of the worst tolerable position
uncertainty must await further design studies of possible spacecraft configurations,
The resulting criteria for ephemeris accuracy, in conjunction with a great deal of
recent work to define physical characteristics of asteroids from ground-based obser~
vations, > will aid mission planners in more sharply defining desirable multiple flyby-

missions,

An immediate source of partial answers to questions about ephemeris accuracies for
the numbered asteroids is contained in Ephemerides of the Minor Planets, published
annually by the Institute for Theoretical Astronomy, Leningrad, U.S.S.R. In addition,

current observations are published in astronomical journals and released from time to

time by various observatories. While these and other sources contain the raw data
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necessary for determining ephemeris accuracies, the mission analyst needs an easily
accessible means of interpreting such data. Also, the computational means required
to reduce the raw data to quantities suitable for use by the mission planner are not
always available. Thus, the results of this study are needed to facilitate determina-

tion of ephemeris accuracies,

The study began with a consolidation of the data contained in the Ephemerides of Minor

planets. This is published in Appendix A in the form of a computer listing. Second,

a thorough search of other available astronomical literature was made to establish a
complete base of existing minor planet ephemeris accuracy data. Next, a new com-
puterized method was developed for the systematic ephemeris determination of all
numbered minor planets. Examples of how data generated by the new method can be
used by the mission planner and astronomer are provided in Appendixes B, C, D, and
E. It should be noted that the osculating element data presented in these appendixes
are shown as examples of output only and are in most cases not as accurate as data

provided by the Ephemerides of the Minor Planets. On the other hand, the perturba-

tion data shown are sufficiently accurz:e to be used directly with current observational
or other more recently published data. Appendix F is a short description of the main

computer programs and subroutines developed during the contract period.

The accuracy of the existing ephemerides for all of the numbered minor planets was
examined on the basis of data contained in the annual volumes of Ephemerides of Minor

Planets and elsewhere. An empirical formula was developed and used to estimate the
present ephemeris accuracy in terms of angular errors and distance errors in kilome-
ters. These are listed 1n Appendix A and are summarized in Table 3-1. Discussion of
the methods used and results obtained are given in Section 3. Results from this survey
show accuracies ranging from 1,0 arc-sec (1,000 km) to 4,000 arc-sec (4, 000, 000 km)
and thus indicate the need tor developing a new system for keeping track of the minor

planets.

A new system of providing data for all of the numbered minor planets was planned,
and computer programs for its initial mechanization were developed. Essentially,

this new 4system furnishes the osculating elements for all of the numbered minor planets
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at an adopted date of 10 October 1972 (JD = 2441600. 5 days) and at every 400-day date
" over the years of interest. It also furnishes the perturbations in the rectangular co-
ordinates velative to these osculating elements at every 4-day date. The ovefall
ephemeris accuracy depends on the accuracy of the adopted elements at the initial

" date, which must be improved in stages to meet future standards. Details are given

in Section '4; samples of listings are contained in Appendixes B, C, D, and E.

A new computer program was designed and developed'to integrate the perturbed motion
of a group of 50 minor planets simultaneously. This mass production approach secures
great economy in both machine time and supervision, On the CDC 6400 computer, the
numerical integration of 50 minor planets at a step interval of 4 days over one 400~-day
interval requires about 100 seconds of central processor time. At this rate, more
extensive integrations than originally planned become practical. Appendixes B, C, D
and F came directly from listings made by the program. Details are contained in
Section 6.

The data furnished by this new system and program are so extensive 'that only samples
are listed in this report. However, all data computed during the study by the new
system for all the minor planets are available on magnetic tapes. The osculating
elements at each 400-day date and the perturbations in these elements are listed in
full whenever a run is made. However, the perturbations in the rectangular coordi-
nates relative to these osculating elements at each 4-day step are listed for only one
of the 50 minor planets in each group during any given run. Again, data for all 50
minor planets are placed on magnetic tape. Details are given in par. 4.3, and
examples of some typical uses of the déta are given in par. 4.4, Tlhe listings in
Appendixes B, C, D, and E show that the perturbations in the position of a minor
planet after 10 years can exceed 3 degrees (roughly 10, 000,000 kilometers). This
error, of course, is often small in comparison to the error resulting from the pro-
pagation of velocity errors in the initial conditions; that is, in the osculating elements
at the adopted date. Thus, improving the initial elements is of paramount importanc‘ek
for obtaining accurate ephemerides at future dates.
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A method to improve the initial elements on the basis of observed or ephemeris posi-
lions without the extensive computation of perturbations was developed and tested.
Theory and discussions are contained in Section 5. However, this method was found

to be less important than originally anticipated because of the high speed of the numer-
ical integralion program. so its use is now planned for only those minor planets having
low ephemeris accuracy as reilected in the Appendix A tabulation. For the other minor
planets, the numerical integration program can be used economically to reduce the

sublished elements {rom their epoch of osculation to the adopted standard date.

Section 7 contains recommendations with regard to work needed to establish and imple-

ment the new system on a permanent basis.
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Section 2
HISTORICAL PROCEDURES

2.1 ASTRONOMICAL POSITION OBSERVATIONS OF MINOR PLANETS

Following the discovery of the first minor planet in 1801, an attempt was made by
astronomers to secure as many accurate position observations as possible for every
known minor planet. After 1845, new minor planets were discovered at an ever in-
creasing pace and the number of known ones soon became so large that this practice
could no longer be continued. In an attempt to provide some observational material
for all known minor planets, the measurement and publication of approximate positions
was eventually introduced. For much the same reason, many apparently accurate
positions were published, although made with small telescopes equipped with inferior
micrometers. As a result of these policies, it is often found that old position obser-
vations are good and that modern ones are excellent but that position observations

made over the many intermediate years are only approximate and essentially useless.

with the exception of a few of the very brightest objects, all modern position cbser-
vations of minor planets are made photographically, The first four minor planets
and occasmnally a few others are observed with meridian circles, During the last
century and the first part of this one, most of the accurate position observations were
made visually with the aid of filar micrometers attached to refracting telescopes of

large apertures.

with the possible exception of the relatively few meridian circle observations, all
position observations of minor planets are relative. This means that the position of
the minor planet is compared, either on a photograph or visually at the telescope, with
neighboring stars, called comparison stars, the positions of which are assumed to be
known. The positions of these comparison stars are taken from one or more catalogs,
which are based on mer1d1an circle observations, either directly or indirectly. The

relative positions of all stars change slowly w1th time because of the space motmns
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of the stars and the sun. These changes are called ''proper motions.' They vary
enormously from star to star and must be determined by direct measurement, As a
result, a catalog position may be accurate for some year (called the epoch of the
catalog) but may be quite poor a few decades later (or earlier) unless the proper
motion of the star is known. Good proper motions are known for most stars visible
to the naked eye, for a considerable number of stars brighter than the 9th magnitude,
and for a few fainter stars of special interest. The proper motions of faint stars that
must necessarily be used as comparison stars on photographs made with large tele-

scopes are totally unknown.

The older published positions of minor planets were based on comparison star positions
taken from various catalogs. An intercomparison of these catalogs shows that each
differs systematically from the others and that these differences depend on various
factors, including the right ascension of the star, its declination, its brightness, and
its color. Tables of these "systematic corrections' have been published for the im-
portant catalogs. An application of these systematic corrections and of proper motion
reduces the position of a comparison star to a given adopted astronomical '"system"
"and to the date of observation, This procedure is necessary in obtaining the most

accurate results, but it involves a great deal of work so is often avoided.

Modern photographic positions o1 minor planets brighter than magnitude 12, say, are
hased on comparison star positiong taken from special catalogs. The included stars
are chosen to provide (1) a quite uniform distribution over the entire sky, (2) a spacing
between stars suitable to secure an adequate number of comparison stars on photo-
graphs taken with telescopes of moderate apertures, and (3) magnitudes sufficiently
large to eliminate some of the difficulties inherent in the use of comparison stars very
much brighter than the minor planet. Positions obtained in this way can have a prob-
able error of about 0,1 second of arc. For fainter minor planets and for larger tel-
escopes, the same catalog positions of the comparison stars are often used; but the
resulting positions for the minor planets are somewhat less accurate unless special
procedures are used (such as a coarse objective grating, or field plates, or both).

For the faintest minor planets a.d for the largest telescopes, comparison star positions
must necessarily be taken trom the Astrographic Catalog. About this catalog, suffice
it to say that the epoch of the catalog is about 1900 and no proper motions are known
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for Comparisoh stars taken from it. As a result, minor planet positions based on this
catalog are never known to better than 1,0 second of arc and can quite easil_y be in

error by 4 seconds of are,

Modern positions of minor planets are all referred to the standard mean equator and
equinox of 1950.0. Somewhat earlier positions were often referred to the mean equator
and equinox of the beginning of the year ¢ observation (e!. g., 1934,0), Still earlier
positions, especially those from the last ecentury, were referred either to a mean
equinox or to a true equinox of date or they were apparent positions (true equinox and
stellar aberration), Thus, for a particular position, reductions for precession, nu-
tation, and stellar aberration may or may not be required., In the last century, the
measurement of positions was practiced by most astronomers, all of whom were so
familiar with the then current but changing practices that published positions often do

not contain precise statements about the system to which they refer,

The ultimate accuracy inherent in a particular photograph or in a particular instrument :

was, and is, not always attempted. Often quality has been intentionally sacrificed for

quantity. The purpose for whiéh the observations were made governed this, and cor-

rectly so. The fact that such observations are now available for general use is an

added feature. However, their correct usage depends on a knowledge of the intended

usage, the standards attempted, the inherent advantages and defects of the instruments
| used, the actual accuracy attained, the systematic errors introduced, and on many

other factors, sometimes including the habits of the observer!
2,2 DETERMINATION OF ORBITS OF MINOR PLANETS

Ceres was observed for several weeks following its discovery in 1801, after which'it
remained too close to the Sun to be observed for several months. For the first time
there was need to provide a finding ephemeris for a star-like object on the basis of
observations extending over only a small part-of an elliptic orbit. The finding ephem-
eris needed to be good, since the only way to distinguish Ceres from the many stars
of similar brightness nearby in the sky was to watch each star for several hours until
one was found to be moving relative to its neighbors. The problem of furnishing a
good finding ephemeris was that of determining a good orbit on the basis of observed
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positions cxtending over only a short interval of time. The problem was solved by
Gauss, who invented a complicated and ingenious method, the principles of which are

still in use,

An elliptical orbit is defined by six constants, and as each observed position provides
two independent measurcs (right ascension’ and . declination) a total of three observations
is necessary to find the orbit, A basic quantity in the orbit determination process de-
pends on the geocentric distance of the minor planet, the radial velocity of the minor
planet with respect to the Sun, and the cnergy of the orbit, In this basic quantity, the
geocentric distance is multiplied by the square of the smallest time interval between
any two of the three dates of obscrvation, the radial velocity is multiplied by the cube
of this interval, and the energy is multiplied by the fourth power of the interval. Thus,
the geocentric distance is the casiest quantity to determine, whereas the energy is the
most difficult to determine. The mean daily motion in the orbit depends solely upon
the energy of the orbit, and so is much more difficult to determine than are the other
elements, In the computation of an ephemeris, the mean daily motion is multiplied

by the time, whereas none of the better determined elements is so multiplied. Thus,
the accuracy of the ephemeris depends almost completely upon the accuracy of the
mean daily motion, which is the most difficult element to determine. For best accu—
racy, the time interval between the first and last observations should be as long as

possible, and the second observation should lie near the middie of this interval,

Geometrical considerations, as well as the above dynamical ones, affect the accuracy
of an orbit determined from three observations., The determinant of the problem is
very nearly the determinant of the 3 by 3 matrix formed by the direction cosines of the
three observed positions, This determinant will be zero if the three observed positions
lie along a great circle. A minor planet often moves many degrees across the sky in

a path that approximates a great circle. Even if the motion does not lie on a great
circle, nevertheless the three basic positions may, accidentally, lie on a great circle,
If a minor planet should move in the ecliptic — that is, if the inclination of its orbit
should be zero — it would permanently move in the great circle that is the ecliptic,
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The determination of an orbit from observations extending over several weeks or
months is essentially the pfoblem of determining an orbit from three observations,

The above dynsmical and geometrical considerations still hold, The value of additional
positions lies in the resulting opportunity to select three accurate ones at times that
maximize the geometrical determinant or keep it as large as possible while keeping
the time intervals as nearly equal as possiblef If enough additional positions are
available and distributed in a suitable manner, the three Easic p@)sitions may be chpsen

as 'normal positions, " which are a general average of several nearby positions.

In principle, the determination of an orbit is the same as the solution of any set of
transeendental equations. Methods peculiar to the problem at hand must first be used
to find a good approximation for each constant needed to define the solution and to

select the particular solution of interest if there is more than one solution.

When the constants that define the solution have been determined with sufficient ac-
curacy, the problem can be "linearized'; that is, the problem of determining the con-
stants themselves can be replaced by the problem of détermining the corrections to
an assumed set of constant-. The equations that determine these corrections are
linear, provided that the corrections are sufficiently small, If the corrections are
not sufficiently small, the solution can be iterated through successive sets of linear
equations, but the convergence of the process depends upon the accuracy of the initial
set of constants and upon the degree of nonlinearity of the equations that define the

original problem.

In the determination of the orbit of a minor planet, the direct solution based on thrée
observations should ordinarily be employed throughout the discovery apparition and
may continue to be used through the second or even a third apparition. For a numbered
minor planet, an "apparition" covers the interval between successive conjunctions with
the Sun. After two apparitions the problem must ordinarily be linearized — partly
because the methods based on three observations become less satisfactory and partly
because all or many of the accurate observations should be used through the applica-
tion of least squares to the solution of the many linear equations, which number two for

each observation,
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In the last century, each new discovery was assigned a permanent number at its first
apparition, even though only a few observations of questionable quality were obtained.
In some cases the orbital elements determined from the observations of the first
apparition were not accurate cnough to provide a sufficiently good ephemeris for the
next apparition; as a consequence, the minor planet was lost, The brighter minor
planets so lost were rediscovered later, but 14 (mostly from this century) remain
lost at this date. Over the years the requirements for assigning a permanent number
have gradually been tightened, and as a result no additional numbered minor planets

should be lost.

The enormous amount of research that was done on the orbits of the minor planets
during the last century and earlv part of this century was collected, discussed, and

condensed by Professor Leuschner in his Research Surveys, which was published in

19355, This thick volume is the most authoritative reference on the orbital work done
during the time interval it covers. No comparable publication exists for more recent

work.
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Section 3
SURVEY OF ACCURACY OF EXISTING MINOR PLANET EPHEMERIDES
3.1 OBJECTIVE OF THE SURVEY
The principal objective of the survey was to assess the éphemeris accuraby that has

been achieved for each of the 1779 numbered minor planets. The data used to accom-

plish this have been taken from annual volumes of Ephemerides of Minor Planets and,

to a much smaller degree, from other publications.
3.2 MINOR PLANET IDENTIFICATION

All of the lower-numbered minor planets have been assigned permanent names, but many
of the higher numbered ones have not. By international agreement, the discoverer of a
minor planet has the privilege of naming it when or after its permanent number has been
assigned. Until the discoverer assigns a name, the temporary designation assigned at

discovery continues to be used.

This temporary designation consists of the year of discovery followed by two letters,
which may or may not be followed by an integer. The first of the two letters denotes
the half~month of discovery. The second of the two letters is assigned in alphabetical
order beginning with A and continuing through Z, after which A is again assigned, fol-
lowed by the digit one, etc. Thus, a given numbered minor planet will often have two
names associated with it: first, the temporary designation; later, the permanent name
assigned by the discoverer. Sometimes the permanent name is not directly assigned,

and the temporary designation continues to be used for many years.

3.3 LAST KNOWN OBSERVATION

The year of the last known observation for a numbered minor planet is a crude (but
vei-y effective) indicator of the gross accuracy of the orbital elements of that minor

planet. If a minor planet has been observed in recent years, then its orbital elements
3-1
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must at least be good enough to provide a satisfactory finding ephemeris. If, on the
other hand, it has not been observed for many years, it is hopelessly lost and will
probably be rediscovered only by accident, Several minor planets have not been ob-
served since their discovery many, many years ago, Their orbital elements were not
determined with suitable accuracy at that time, and they would not have been assigned
permanent numbers under present rules. A few numbered minor planets that have
not been observed recently, but which are deemed not to be hopelessly lost, are

placed on a "eritical list” to encourage observers to search for them.

The year of the last known observation for each minor planet is given in the annual

volumes of Ephemerides of Minor Planets. Since this publication is the principal

source (and almost the sole source) for much of the information about the orbits and
ephemerides of the humbered minor planets, it seems desirable to digress with a dis-
cussion about some of its contents.,

3.4 OPPOSITION VIEWING

The principal purpose of the annual volumes of Ephemerides of Minor Planets is to

provide observers with "opposition ephemerides' for all numbered minor planets. A
planet is said to be in opposition when its right ascension differs by 12 hours from that
of the Sun., An object in opposition crosses the meridian of an observer at midnight,
and so is observable all night, or nearly so. It is then closest to the Earth, and as a
consequence is then at it= brightest for the year. Each of these factors makes the

neighborhood of opposition the most favorable location for observation of an ordinary
minor planet,

The opposition ephemerides given in Ephemerides of Minoxr Planets are tabulated at an

interval of ten days, and run for about one month before and one month after opposition.
During that time the apparent motion of an ordinary minor planet is "retrograde'; that
is, it moves westward relative to the stars with its right ascension decreasing, Just
outside these opposition ephemerides (both before and after) the motion in right\ ascen-
sion halts, and the minor planet is said to pass through a ''stationary' point, although
its motion in declination does not necessarily vanish at the same time. Before the

first stationary point, and after the second one, the apparent motion of an ordinary
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minor planet is ""direct"; that is, its motion relative to the stars is eastward and its
_right ascention increases, Wh_en;the motion of an ordinary minor planet is direct,
the planet is not close to the Earth and so is relativeig-r faint; its position in the sky is
also relatively unfavorable for observation. While the brightness and location in the
sky are not unfavorable near the stationafy poiﬁts, the Iﬁroblem of identifying the minor
planet there-is acute. On a short photographic exposure, a minor planet and a star
appear exactly alike. In order to eaéily distinguish a minor planet from a star, it is
necessary on most photographs to continue the exposure until the motion of the minor
planet relative to the stars produces a "trail" on the photographic plate. Thus the
neighborhood of opposition is the only favorable location for observing the ordinary

minor planets, and most minor planets are actually observed only in that neighborhood.

The needs of the professional minor planet observer are satisfactorily met by the
opposition ephemerides. The needs of observers of things other than minor planets are
not fully satisfied by the opposition ephem. rides. For example, an observer may find
a bright trail on a photograph he has taken for another purpose. He is curious to know
whether this minor planet is new, or which one it is, if it is not new. - If his photograph
was taken in the opposition region, he can turn to the opposition ephemerides for a
positive identification. If his photograph was not taken in the opposition region, his
curiosity will probably never be satisfied. No ephemerides for most minor planets
exist outside the opposition region. ‘The identification of a minor planet without an
ephemeris is a most time-consuming process, and may be entirely unsuccessful. Once
or more each year some enthusiastic observer becomes convinced that his "bright
trail" comes from a really new and unusual minor planet, or even from a comet (fuzzy
appearance due to poor seeing and/or guiding), and announces his "'discovery' by the
usual astronomical telegraphic system. Then the professional must spend considerable

time and effort to identify the minor planet and prove his identification.

The opposition ephemerides of minor planets are given with an accuracy of about one
minute of arc. This accuracy is sufficient to properly point even large telescopes. The
aim of the makers of the opposition ephemerides is to atiain this accuracy, and their

. principal efforts are expended in this direction, The effort needed to maintain this
accuracy for all of the numbered minor planets taxes to the limit the resources of those

doing this work. In order to cover all of the numbered minor planets as well as possible,
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approximations have often been found necessary, especially for the lower-numbered
planets that are relatively bright and can be found guite far from their predicted posi-
tions. It should he noted that an observer searching for a stray minor planet need not
look in all directions from the predicted position, but instead only along a narrow band
through it. The const mts that define this band arc given with each opposition ephemeris
and are computed on t+. basis that at any instant the orbit of the minor planet traces a
line on the sky, and, of course, the minor planet itself must be somewhere on this line,
For the higher-numbered minor planets that are relatively faint, efforts to obtain higher
accuracy are often made to prevent their loss, The procedures that have been employed
to provide the opposition ephemerides were adopted by necessity in view of the very
small budgets available. The results have been adequate for the intended purpose. In
fact, the results are somewhat remarkable when one realizes that some outstanding
astronomers consider the minor planets to be the "vermin of the sky."

3.5 BASIS FOR ORBITAL FLEMENTS

‘Data about the orbital clements themsclves — their observational basis, their likely
accuracy, the perturbations that were included, etc. — are given in condensed form in

the annual volumes of Ephemcrides of Minor Planeis for those planets for which new

elements were computed since the previous volume was issued. Data were found in
each of the annual volumes from 1948 through 1972, The data published vary slightly
over the years, but usually consist of:

a. The years of the first and last oppositions from which observed positions

were used in the orbit computations

b. The total number of oppositions that had usable observed positions

¢. The major planets included in the computation of the perturbations

d. ' The largest residual in right ascension (see below)

e. Reference to publication of the orbit work (Given only in recent years,
and then for only a small number of the minor planets)

Item d. above needs some discussion., By '"residual' is here meant the difference
between an observed right ascension and the right ascension computed from the orbit
elements and associated perturbations. This residual may be due to an incorrect

observed position, to insufficient perturbations, to the employment of approximate
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methods, or to other possible causes; nevertheless, when properly evaluated, it is a
good measure of the accuracy of the orbit elements. It is given by the orbit computer
solely for this purpose, and presumably the value he has guoted is based on his best
judgment of the accuracy of his work. In any case, it is the only estimate of orbital
aceuracy that is eonsistently published for all of the numbered minor planets, and it

must necessarily be used as a principal datum in the estimate of ephemeris accuracy.

New sets of elements for each numbered minor planet appeared at least twice in the
annual volumes mentioned, and muany minor planets had three or more sets of new ele-
ments in that time interval. Each set of new elements was keypunched into cards, and

a computer program then selected the latest set for each numbered minor planet.

The orbital elements themselves were taken from the table of elements in the 1972

volume of Ephemerides of Minor Planets. For each minor planet, these are:

. & Brightness (in astronomical magnitudes) of the minor planet itself

Epoch and date of osculation (here identical, but not necessarily so,
in general) to which the elements refer

Mean anomaly at Epoch

Argument of perihelion

Longitude of the ascending node on the ecliptic of 1950.0
Inclination to the ecliptic of 1950.0

Eccentric angle (The eccentricity is the sine of this)

Mean daily motion in seconds of arc

Semi-major axis (Not used, since the value obtained from the mean
daily motion is more accurate)

The date of osculation is the instant at which the elliptical orbit osculates ~ not in the
ordinary mathematical sense, but in an astronomical sense, which defines the osculat-
ing orbit to be the ellipse that represents the instantaneous orbit at the instant of oscula~
" tion, Stated another way, the instant of osculation is the instant at which a numerical
integration of the perturbed motion must be started with the stated elements. On the
other hand, the epoch is the instant for which the position of the minor planet in the
ellipse is stated. That the epoch and date of osculation are here identical is simply a
matter of convenience — a single date serves tWo purposes.
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3.6 EPHEMERIS ACCURACY, A GENERAL DESCRIPTION

The principal part of the inaccuracy of an ephemeris computed from a given set of
elements arises from the failure of those elements to fit exéctly the actual positions

of the minor planet at the times of observation. This may be due to errors in the
observed positions themselves, to failure to fully compute the perturbations, to a dis~
tribution of observations thatl leads to a poorly conditioned determining matrix, or to
other causes. Whatever the causes, the sizes of the residuals will usually be good
indicators of the quality of the resulting orbital elements. A visual inspection of all
the residuals is the best way to judge the quality of the elements, since it will reveal
systematic trends that are often meaningful. A single number like the probable error
(or mean error) of the mean daily motion lumps together the errors of observations,
the blunders of computation, and the systematic trends, but usually provides a good and
meaningful measure of the accuracy of the elements. In the present case, neither the
residuals nor the probable errors are available for most of the minor planets. The
only datum here available is the largest residual in right ascension, described earlier.
This must necessarily be taken as the only available measure of the accuracy of the
élements, or more particularly of the accuracy of the mean daily motion, since by far
the largest part of the ephemeris error arises from this element, with the other ele-

ments playing only minor roles.
3.7 EMPIRICAL FORMULA DEVELOPMENT

In order to predict the ephemeris uncertainty, it was necessary {0 devise an empirical
formula that utilized as well as possible the available data of somewhat doubtful cuality.
1t is well known that the error in the mean daily motion is the most important source of
error after a long time. During the computation of a predicted position, the mean daily
motion ise multiplied by the time interval since the epoch, while all the other elements
are not so used. The problem of using the largest residual found during the orbit
computations as a measure of the ephemeris accuracy is then the problem of converting
this residual into an error in the mean daily motion. No rigorous theoretical basis
exists for doing this. The method used was simply to assume that the error in the mean
daily motion was equal to the quoted residual divided by the time interval covered by
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the observations used in the orbit determination. In many cases, this will turn out to
be a good assumption; in some cases it may be qmte far from the truth. However,

there is no apparent better way of proceedmg.

A small error in the mean daily motion also ariscs from the limited precision with which .

the mean daily motion is quoted in Ephemerldes of Minor Planets. This can give rise

to an error as large as 0.0005 second of arc per day, which amounts to nearly 0,2
sceond of arc per year. After 20 ycars, which is often the lnte,rval since the cpoch

of the elements, this amounts to nearly four seconds of arc,

The epochs for current elements fall in the range of years [rom 1892 through 1969, with
major clustering in 1951 (with 348 minor planets), 1957 (with 237 minor plancts, and

1962 (with 395 minor planets).

Another small error arises from the limited precision with which the other clements

arc quoted in Ephemerides of Minor Plancts. This error does not build up with the time. -

Fach of the above errors applies to the position as secn from the Sun. At opposition,
the minor planet is one astronomical unit closer to the Earth than it is to the Sun; thus,
the error computed from the empirical formula derived as outlined above must be

multiplied by the factor A/(A-1), where A is the semi-major axis of the elliptical orbit.

To compute the ephemeris uncertainty, the sum of the two errors in the rﬁean daily
motion was multiplied by the interval between the year of interest and the earlier of

{1) the year of the epoch or (2) a year near the middle of the interval covered by the
observations on which the orbit determination was based. To this was added the con-
stant error of 1,8 seconds or arc. This sum was then multiplied by the factor A/(A-1)
to give the predicted ephemeris uncertainty in seconds of arc. The result was also
reduced to kilometers in the orbit. Usually, 1 second of arc here corresponds to
roughly 1000 kilometers; but the conversion factor depends, of course, upon the dis-
tance of the minor planet from the Earth.

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D426G943

This empirical formula, or procedure, has been used to estimate the ephemeris un-~
certainty for each of the numbered minor planets. A computer program provided a
listing of the basic data, of the predicted uncertainties expressed in seconds of arc
and in thousands of kilometers, and of brief remarks concerning a few special cases
among the minor planets. The final computer listing of these results is shown in
Appendix A. The computer program also.writes all of this on a magnetic tape from
which additional copies of the listing can be made directly.

The remark "LOST" appearing in Appendix A after 14 minor planets is self-explanatory.

The remark "ESTIMATED" appears after 46 minor planeis. It indicates that for those -
minor planets the predicted uncertainty in seconds of arc was not computed from the
empirical formula used for other minor planets, Instead, the uncertainty was estimated
directly in seconds of arc, usually because the data needed by the empirical formula
were either missing or inadeguate., However, for the first four minor planets (Ceres,
Pallas, Juno, and Vesta) it was estimated to be 1.0 second of arc because excellent

orbit determinations and perturbations exist for these large and bright minor planets.
3.8 DISCUSSION OF SURVEY RESULTS

Results from the survey of published minor planet ephemeris data, primarily from

Ephemerides of Minor Planets, can be summarized as follows:

a. The details of how the orbit determination was computed are not often
published.

b. The only accuracy indicator provided by the published data is the maximum
residual in right ascension.

¢. Using an empirical relationship to estimate current ephemeris accuracies
resulted in a wide range of ephemeris uncertainties. An attempt to improve
this empirical relationship, based on data from a few selected minor planets,
showed no significant change.

d. The survey showed that the published data provide ephemerides of accept-
able aceuracy for only a very few minor planets.

The distribution of the predicted uncertainties according to size, as taken directly
from the computer listing of Appendix A, is shown in Table 3-1, It is hoped that the
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accuracy of these estimated uncertainties is a little better than order-of-magnitude,

At first sight, this may seem to be very low accuracy, but it should be noted that the
estimated uncertainties range from 1 second of arc through 3000 seconds of arc. Thus,
the presumed accuracy of the estimates is significant in t_hat the numbered minor planets

are separated into at least several groups between which the ephemeris uncertainties
differ widely.

%

Table 3~1
DISTRIBUTION OF PREDICTED UNCERTAINTIES
Range | Number Range Number Range Number
(Seconds of (Seconds of {Seconds of
of Arc) Planets of Arc) Planets of Arc) Planets
0- 10 49 0~ 100 1209 0 - 1000 1654
10- 20 480 100 - 200 141 1000 - 2000 48
i 20- 30 327 200 - 300 89 2000 - 3000 16
30 - 40 140 300 - 400 82 3000 ~ 4000 1
40 - 50 g0 |400 - 500 53
{50 - 60 49  |500 - 600 26
60 - 70 28 |600 - 700 14 LOST 14
. 70- 80 | 22 |700- 800 18
80 - 90 21 |800 - 900 13
90 - 100 13 900 - 1000 9 ESTIMATED 46
1209 1654 . 1779

Attempts were made to locate additional data in the literature with which to improve
the accuracy of the predicted uncertainties, In the last century and during the early
part of this one, all orbit determinations were published in considerable detail. This
rarely happens now, presumably because of high cost and the desire to devote avail-
able space to other things. As a result, most orbit determinations for the numbered

minor planets are not published outside of Ephemerides of Minor Planets, and a very

condensed form is adopted for those that are published elsewhere. The additional

data that were located in the literature added little that was new and helpful.
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Accurate residuals with accurate perturbations included were computed for 21 numbered
minor planets in an effort to calibrate or improve the empirical formula used. These
residuals showed nothing unexpected and agreed with the estimated uncertainties within
the (admittedly large) uncertainties of the uncertainties. No basis was found for attemp-
ting to make a significant improvement to the procedure adopted to estimate the ephem-~
eris uncertainties or to the estimated uncertainties themselves. In a positive sense,

the correctness of the early procedures was confirmed.

It is believed that the value of the results contained in the final listing would be lessened
if any attempt were made to improve or change the predicted uncertainties for only a
small portion of the planets. If this were done, the systematic and uniform basis for
the results would be destroyed without any real gain. The final listing should remain
as it now exists, and zll effort in the future should be expended on an improved sys-

tem for keeping track of the numbered minor planets.
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Section 4
NEW SYSTEM FOR DETERMINING MINOR PLANET EPHEMERIDES

In the course of a survey of the accuracies with which the ephemerides of the pumbered
minor planets are currently known (the results of which are discussed in Sectiron 3), it .
became increasingly apparent that not only were the uncertainties in most cases very
large, but also that there exists at present no efficient method for using the available
data. In this section a new system is described for determining the minor planet
‘ephemerides. Numerical examples (based on the inadequate, low-quality orbit ele-
ments currently available) are included purely to illustrate the advantages of the new
system, When fully implemented, this system will directly provide the information
required by those involved with the éphemerides of the minor planets,

4,1 NEED FOR MORE DATA AND EPHEMERIDES

As -a result of the perturbing influences of the major planets, the orbital elements and
ephemerides of the minor planets are continually changing. Astronomers and mission
analysts need a simple method for obtaining accurate data for specific dates. The
astronomer may need data accurate for the date of his photograph or for an earlier
date for which accurate position measurements have been made or published. The
mission analyst may be planning a possible mission and thus requires the minor planet
position several years in the future. The need for accurate orbit elements and posi-
tional coordinates of the minor planets at remote times is common to both the astron-

omer and the mission analyst.

The present system of publishing elements and opposition ephemerides of the numbered
minor planets in the annual volumes of Ephemerides of Minor Planets provides the bare

minimum of information needed by the astronomer, and almost none of the information

needed by the mission analyst. For example, the opposition ephemeris gives an astron-

mer the means to point his photographic telescope at the minor planet, and auxiliary

data given with the ephemeris permits him to identify the trail of the minor planet on

his photograph with more or less certainty. No means whatever is provided for him
4-1
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to compare an accuratelv measured position of the minor planet on his photograph with
the position predicted by the published elements, and thus no monitoring of the accuracy
of those elements is practicable, Similarly, the mission analyst wishes to find the
position in space of the minor planet at some future date, with an accuracy of a very
few thousands of kilometers., He cannot do this from the published orbital elements,
because the perturbations since the epoch of those published elements may well amount

to ten million kilometers or more.

The essential shortcoming of Ephemerides of Minor Planets is that the influences of the

major planets are not available, and their computation is beyond the means of most
astronomers and mission analysts, Thus, there is a need for a simple way to provide
the perturbations in the osculating elements and in the rectangular coordinates relative
to the published elements at the dates of osculation. These perturbations, added to the
position derived through two~body formulae, will provide an accurate minor planet
position. The astronomer will have a position as accurate as his measurement for
comparison. The mission analyst will have a position for accurate planning of his

mission.

A system developed to satisfy the needs of all those involved with the minor planets is

described in the following paragraph.
4,2 THE NEW SYSTEM

The new system is characterized by the attempt to provide all of the data needed to
satisfy the requirements of all users and to provide these data in a systematic and

uniform manner for all of the numbered minor planets.

Elements of the new system are summarized as follows:

a. Orbit elements for all numbered minor planets are defined at a single date,
b. Orbit elements are advanced in 400-day intervals,
c. Integration and processing is done in groups of 50 minor planets.

d. The processing is highly efficient: 100 seconds of CDC6400 CPU time per
50 minor planets per 400 days at 4-day step intervals.
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e, Perturbations in rectangular coordinates are computed only once for each
minor planet in intervals of 4 days.

"' f. The new system provides:
@ The osculating elements and their perturbations at intervals of 400 days

over the years of interest, the angular elements bemg referred to mean
ecliptic and equinox of 1950 0

e The rectangular coordinates and their perturbations at intervals of 4,
days over the years of interest, referred to the mean equator and
equinox of 1950.0 ’

A standard date of 1972 October 10 was adopted. This corresponds to Julian Date
2441600, 5 and is one of the standard 400-day dates recommended by the International
‘Astronomical Union (i.e., the integral part is exactly divisible by 400). Nearby
standard 400-day dates are given in Table 4-1. The data in the new system are then
provided at the standard 400-day dates forward and backward from the adopted standard
date.

A new observation is now never more than 200 days from a date of osculation, and the
representation of the observation by means of the osculating two-body elements alone
immediately gives an accuracy of a very few second of arc,' since the perturbations
over 200 days are very small. These perturbations are computed and tabulated be-
tween the 400-day dates at intervals of 4 days. When these perturbations in the
rectangular coordinates are added to the rectangular coordinates computed from the

oéculating two-hody elements, a perfect gravitational representation is achieved.

Perturbations‘ in rectangular coordinates over an interval of 200 days are essentially
independent of small errors in the osculating elements, and thus need to be computed
only once. Since the dates of osculation of their orbit elements are all the same,
perturbations for 50 minor prlanets are computed by numerical integration in a single
computer Tun and output on tape for recovery as needed.

A significant benefit of the standardized nature of the new system lies in the efficiencies
with which the data are computed for the approximately 1800 numbered minor planets.
Thus, the data can be further and continually monitored and economically upgraded
through the utilization of all past and current observations,
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Table 4-1

STANDARD 400-DAY DATES

Julian Date Calendar Date Julian Date Calendar Date
243,0000.5 1941 Jan 6.0 244,0000.5 1968 May 24.0
0400. 5 1942 Feb 10,0 0400. 5 1969 Jun 28,0
0800.5 1943 Mar 17.0 0800.5 1970 Aug 2.0
1200.5 1944 Apr 20,0 1200.5 1971 Sep 6.0
1800.5 1945 May 25.0 1600.5 1972 Oct 10.0
2000.5 1946 Jun 29.0 2000.5 1973 Nov 14,0
2400.5 1947 Aug 3.0 2400, 5 1974 Dec 19,0
2800,.5 1948 Sep 6.0 2800. 9 1976 Jan 23.0
3200.5 1949 Cct 11.0 3200.5 1977 Febh 26,0
3600.5 1950 Nov 15.0 3600.5 1978 Apr 2.0
4000, 5 1951 Dec 20.0 4000. 5 1979 May 7.0
4400.5 1953 Jan 23.0 4400.5 1930 Jun 10,0
4800.5 1954 Feb 27.0 4800.5 1981 Jul 15.0
5200. 5 1955 Apr 3.0 5200.5 1932 Aug 12.0
5600.5 1956 May 7.0 5600.5 1983 Sep 23.0
6000.5 1957 Jun 11,0 6000.5 1984 Oct 27.0
6400.5 1958 Jul 16.0 6400.5 1985 Dec 1.0
6800.5 1959 Aug 20,0 6800.5 1987 Jan 5.0
7200.5 1966 Sep 23.0 7200.5 1988 Feb 5.0
7600,5 1961 Oct 28.0 7600.5 1989 Mar 15.0
8000.5 1962 Dec 2,0 8000.5 1990 Apr 19.0
8400.5 1964 Jan 6.0 8400.5 1991 May 24.0
8800.5 1965 Feb 9,0 B200.5 1992 Jun 27.0
9200.5 1966 Mar 16,0 9200.5 1993 Aug 1.0
9600.5 1967 Apr 20,0 9600.5 1994 Sep 5.0
245,0000.5 1695 Oct 10,0

4,3 DATA FURNISHED BY THE NEW SYSTEM

Data furnished by the new system are written on two series of tapes; complete listings
are impracticable because of the large volume of material involved. In one series

the osculating elements, perturbations in the elements, and some associated data for
all of the 50 minor planets in a group are written onto tape at each 400-day date. The
most important of these data are listed. Samples of these listings are shown in Appen-
dixes B, D, and E, In the other series, the rectangular coordinates for all of the 50
minor planets in a group are written onto tape at each 4-day date, but are listed for
only one of the minor planets in the group., Samples of this listing are given in
Appendix C,
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In the first series, a tape (or file) contains one record for each group of 50 minor
planets (the last record may contain fewer minor planets, but is of the same size with
unused words containing hashy. Each record has 2804 words, cons1st1ng of an initial
four words that describe the record and 56 words of data for each of the 50 minor planets
contained therein. Contents of the initial descriptive four words are:

Total number of minor planefs in this record. Integer.
Number of words (56) occupied by each planet. Integer.
Relative address (2749) of last minor planet. -Integer.

B D e

Dimension {2804) assigned to the array that holds tf_;is record. Integer,

These first four words of each record define a fixed table, which may be operated upon

by several useful subroutines.

The beginning of the array ELM of dimensions (56, 50) immediately follows the fourth .
word. The array holds the osculating elements and assocmted data for the 50 minor
pla.nets contained in the record,

Thé quantities shown in Table 4-2 are given for each minor planet at 400-day intervals.
Quantities marked with an asterisk are listed in Appendixes B and D. The data given

in these appendixes are for ten 400-day intervals, starting with the initial date of

~ osculation at October 10, 1972, All quantities are generated in single-precision ﬂoating~
_point arithmetic unless otherwise specified. At a rate of 556 bytes per inch, each
record occupies about 5 feet of tape, and a complete file occupies about 200 feet.

In the second series, a tape contains one file for each group of 50 minor planets (the
last file may contain fewer minor planets, but has the same number of records). Since
the step interval for the numermal integration ig 4 days, there are 115 records in a
file, Theserecords correspond to seven steps before the initial date of oscmlatmn,

the initial date of osculation, the 100 steps through the final date of osculation, and
seven steps after ﬁhe final data of osculation. The complete data in 4-day steps for a
single minor planet are contained in Appendix C.foi' ten 400-day intervals starting with
the initial date of osculation at October 10, 1972, Appendix E contains the same data
in 400~day steps for 50 minor planets. '
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Each record (including the last one, wherein unused words contain hash) has 401 words

and contains the quantities shown in Table 4-3. Each word is generated in single-

precision floating-point arithmetic unless otherwise specified. At 800 bpi, each

record cccupies about 6 inches of tape, and each file occupies about 60 feet of tape.

Thus, one 2400-foot tape can accommodate about 2000 minor planets over one 400-day

interval.

Wword
1%

3-6%*
7=-8%

911 %
12-15%

1%

17*

Table 4-2

CONTENTS OF ELM FOR ONE MINOR PLANET — FIRST
SERIES OF DATA TAPES
Contents
Number of the minor planet, Integer.
Reserved for the future
Name of the minor planet. 4A4 format.

Source from which the elements were taken, A4, 14 format. At
present this is always EMP and year, where EMP stands for
Ephemerides of Minor Planets.

Author of the elements., 3A4 format.

Reference, if any, to a known publication of the elements where more
complete details are given (such as the observations used, their
regiduals, etc.). 4A4 format,

Absolute magnitude of the minor planet, which is defined as the astro-
nomical magnitude the minor planet would have if it were placed one
agtronomical unit from both Earth and Sun. Here expressed as an
integer with unit of 0.1 astronomical magnitudes.

Quality of the elements. Indicates the stage of improvement of the
elements for this planet. Integer.

-1 denotes a "lost'" minor planet.

0 refers only to the minor planet, number 864, which is identical with
minor planet 1078,

1 denotes the initial adopted elements.

2 denotes that the initial adopted elements have been improved by the
method of Section 5.2 applied to one or two positions taken from an
opposition ephemeris.

3 denotes that elements of lower quality have been improved by the
method of Section 5 applied to one or more accurate observed positions.

*Quantities listed in Appendixes B and D
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1g*

19-24
25-30
31#
32%
33%
34-42

43*
44*
45%
46%

47*
48*

49%*
50%*
51%

52%

LMSC-D420943

Table 4-2 (Cont.)
Contents

Integral part of the present Julian Date of osculation. Date of

osculation is this number +0. 5. : ‘

Double-precision equatorial coordinates at date of osculation,
Mean equator and equinox of 1950.0. -

Double-precision equatorial velocities at date of osculation, Mean
equator and equinox of 1950.0, Unit of time is the mean solar day.

Argument of perihelion in degrees at the date of osculation.
Equinox 1930.0.

Longitude of ascending node on the ecliptic in degrees at the date
of osculation. Equinox 1950.0.

Inclination to the ecliptic in degrees at the date of osculation.
Equinox 1950.0.

Equatorial PQR matrix. This matrix rotates from orbital coordinate’s
to equatorial coordinates at the date of osculation. Eguinox 1950.0.

Mean anomaly in degrees at the date of osculation,
Semimajor axis at the date of osculation,
Eccentricity at the date of osculation,

Mean daily motion in seconds of arc per mean solar day at the date
of osculation,

Semiminor axis at the date of osculation,

Integral part of the initial Julian Date. This initial Julian Date is

. defined as Julian Ephemeris Date 2441600.5 = 1972 October 10.0

Ephemeris Time.

Perturbation in the mean anomaly at the present Julian Date of
osculation and since the initial Julian Date. Expressed in degrees.
See par. 4.4, Example 6. -

Perturbation in the argument of perihelion at the present Julian
Date of osculation and since the initial Julian Date. Expressed in
degrees. Equinox 1950.0.

Perturbation in the longitude of the ascending node at the present
Julian Date of osculation and since the initial Julian Date. Expressed
in degrees. Equinox 1850.0 .

Perturbation in the inclination at the present Julian Date of osculation
and since the initial Julian Date. Expressed in degrees. Egquinox
1950.0. '

*Quantities listed in Appendixes B and D
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Hgx

bo*

56
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Table 4-2 (Cont.)

Contents

Perturbation in the semimajor axis at the present Julian Date of
osculation and since the initial Julian Date,

Perturbation in the eccentricity at the present Julian Date of
osculation and since the initial Julian Date.

Perturbation in the mean daily motion at the present Julian Date of
osculation and since the initial Julian Date. Expressed in seconds
of arc per mean solar day,

Available for future use.

*Quantities listed in Appendix B and D

Word

WO 0 =3 & G ok W

fu
[e=]

Table 4-3

CONTENTS OF SECOND SERIES OF DATA TAPES

Contents

Integral part of current Julian Date. Integer.
Number of first minor planet in record. Integer.
Quality of elements for first minor planet, Integer,
Perturbed X-Coordinate
Perturbed Y-Coordinate
Perturbed Z-Coordinate
Perturbation in X-Coordinate
Perturbation in Y~Coordinate } For first minor planet
Perturbation in Z-Coordinate
Number of second minor planet in record. Integer.

Ete.

For first minor planet
in record

4.4 USE OF DATA FURNISHED BY THE NEW SYSTEM

The space ephemeris described in the previous section provides precisely the data

required by the mission analyst. These same data are needed by the astronomer to
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compute hié opposition ephemeris or to represent his observed positions. He needs
only to add the equatorial rectangular coordinates of the Sun to the perturbed eguatorial
rectangular cb‘o rdinatés taken from the ‘space ephemeris. He obtains-the equatorial
rectangular coordinates of the minor planet referred to the observer as origin. From
these, the astronomer easily computes the right ascens:ion, declination, and other
quantitics in his opposition cphemeris, or the theoretical right ascension and declina-
tion at the date of his observation . f'ompa}e with the observed right ascension and

declination.

The data provided by the new system can be used in two basically different situations.
In the first situation, the most accurate elements available to define the orbit of the _
minor planet are assumed to be thosc used to compute the data on the tapes and listings.
In this case, all of the data are correct and may be used directly. In the second situa-
tion, it is assumed that a more accurate set of elements is available, differing only
small amounts from the elements used to compute the taped and listed data, In this
case, only the perturbations in the elements and in thé rectangular coordinates should
be used. Results will not be exactly correct, since the perturbations were computed
about a different orbit, but they will be sufficiently accurate for most purposes.

Typical uses of the data on the tapes.and in the listings include the following examples:

1. Obtain the perturbed equatorial rectangular space coordinates of a minor
planet af a tabulated 4-day Julian Ephemeris Date. Assume the given
orbital data. ‘

2. Obtain the perturbations in the equatorial rectangular space coordinates of
a minor planet at a tabulated Julian Ephemeris Date. Orbital data may be
as given, or improved.

3. Same as example 1, except that coordinates are required at an untabulated
Julian Ephemeris Date,

4. BSame as example 2, except that perturbations are required at an untabulated
Julian Ephemeris Date. '

5. Determine the perturbed coordinates at a specified Julian Ephemeris Date
from a set of improved elements,

8. Determine the mean anomaly at a specified Julian Ephemeris Date for a
set of improved elements.

These uses of the data are best explained by specific numerical examples, which will

also help to define the exact meaning of the various kinds of data provided.
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Example 1: Rectangular Coordinates at a 4-Day Point, Suppose that the most accurate

orbit available for the minor planet 1 Ceres is that used in computing the tabulated
data, and that the perturbed equatorial rectangular space coordinates are wanted for
Julian Ephemeris Date 2442164.5. This date is 164 days later than the immediately
preceeding 400~day date (Julian Ephemeris Date 24420000, 5). Also, 164 is exactly
divisible by 4, thus the required date is a tabulated 4-day point, Referring to the for-
mat description for the second series of tapes (par. 4;3) the required coordinates
appear in words 4, 5, and 6 under Julian Ephemeris Date 2442164 and minor planet
number 1. Line 42 of the listing in Appendix C contains these quantities, expressed

in astronomical units. They are:

X = 2.0544716523
Y = -1,7549533520
Z = -1,2457539671

Example 2: Perturbations at a 4-Day Point. Suppose that the perturbations in the

equatorial rectangular space coordinates with respect to elements osculating at the
immediately preceding 400~day date are wanted for the minor planet 1 Ceres at Julian
Ephemeris Date 2442164.5 This example will provide the perturbations either in the
given elements, or in improved elements when differences are small. Proceeding as
in the previous example, the required perturbations appear on the second series of
tapes in words 7, 8, and 9 under Julian Date 2442164 and minor planet number 1.
Line 42 of the listing in Appendix C alsc contains these quantities, expressed in
astronomical units. They are:

delX = 0,0003656068
del Y = -0.0000453460
del Z = 0.0000252780

These perturbations for minor planet 1 Ceres correspond to about 55,000 kilometers
in 164 days, or to about 30 seconds of arc as seen fromthe Earth at opposition. These

amounts can be much larger or smaller for other minor planets.

4-10
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Example 3: Interpolation for Rectangular Coordinates Between 4-Day Points. If the

date in the first example were not a tabular date, then the coordmates would have to
be interpolated from the given table. This can be done easﬂy w1th the Z1g—Zag inter-

polation formula, which is

X =X_ +C,D, +C,D, + C,D, + CD, +444¢aoe

n 0 171 272 373 474
where
X is the function being interpolated
Xn is the required interpolated value
XO is the preceding tabular value
Dy is the 1-st difference on the half-line below XO
D2 is the 2-nd difference on the line through XO ‘
D3 is the 3-rd difference on the half-line below XO
D 4 is the 4-th difference on the line through X o etc.
n is the fractional way from the preceding tabular point to the following
‘ tabular point

C1 = n |
C, = n(o-1) /2%
Cq = (n+lnn-1)/3%
Cy = (n+1)n(n-1) (n~2) /41
C, = (n+2)(n+1)n (n-1)(n-2) /5!

etec.

As many differences as necessary to attain the required accuracy must first be com-
puted from the tabular values for each of the coordinates. Then the corresponding

number of C's must be computed.

Suppose that the perturbed equatorial rectangular space coordinates of thé minor planet 1 -
Ceres are wanted for Julian Ephemeris Date 2442166.1, assuming the given orbit, For
this date n = 0,4, Details of the ipterpolation are shown only for the X coordinate. The
coordinate and differences to be used in the formula are underlined in the following
table.

4-11

LOCKHEED MISSILES & SPACE COMPANY.



IMSC~D423943

2442156, 5 1.9987483181
4280436849
60,5 2,0267920030 -3640286
+276796563 -~46323
64,5 2.0544716593 -3686609 +609
4273109954 | -45714
68. 5 2, 0817826547 ~3732323 +615
4269377631 ~45099
72.5 2,1087204178 -3777422
+265600209
76.5 2.1352804387
c, =
c, = ~-.12
Cg = 156
| C, = +.0224
X = 2.0654405541

Example 4: Interpolation for Perturbations Between 4-Day Points, If the date in the

second example were not a tabular date, then the perturbations would have to be inter-

polated from the given table, just as were the coordinates in the previous example.
Suppose the required date is the same; viz., 2442166.1. Then the values of the C's
are the same, and the difference table is:

2442156.5 3262537
+193477
60.5 3456014 +6577
+2000564 +74
64.5 3656068 46651 : +11
_ +206705 +85
68.5 3862773 +6736 +15
+213441 +100
72.5 4076214 +6836
+220277
76.5 4296491

The interpolated value is del X = - 0003737947

4-12
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It is to be noted that the differences of the perturbations are appreciably smaller than
_ those of the coordinates, and this fact makes the interpolations a little easier.

Example 5: Rectangular Coordinates for an Improved Orbit, Suppose that an improved

set of orbit elements is available, osculating at the 400-day date preceding the date at
which perturbed coordinates are wanted. The basic steps in the procedure for ob-
tauung the required coordmates at a future date are as fo].lows

.® Compute the unperturbed rectangular coordmates at the desired Julian

Date from the improved set of osculating elements, using two~body
formulae,

® Determine the perturbations at the desired future Julian Date, inter-
polating as in the previous example, if required.

e Add the perturbations to the unperturbed coordinates to obtain the
perturbed rectangular coordinates at the desired Jullan Date.

Purely as an illustration of the procedure, suppose that the improved osculating ele-
ments are in fact those used to compute the data and listings provided, and that the
perturbed rectangular coordinates are wanted at Julian Ephemeris Date 2442164, 5,
as in the first example. The values obtained in the first example should result from
the procedure and will serve as an informative check on the procedure computations,
which were performed on an HP-45 caleulator,

The orbital values required for this numerical example are contained on the appropriate
tape in the first series, With the exception of the PQR matrix, the required values are
listed in Appendix B. The first requirement then, is to compute the PQR matrix
(which rotates coordinates from the orbit plane to the equatorial system) according

to the following formulae:

sin

8in w cos |

+008 {} COS W

= (+8in 2 cos w cos sin w cos i)cos € - sin wsin i sin €

+
= (#8in 2 cos w + cos sin w cos i)sin € + gin w sin i cos ¢
= =cos {2 sin w - sin cos w cos i :
(=8in Q sin w + cos
= (~-ein @ 8in w + cos

= +gin  gin i

cos w co8 i)cos € - coswsin i 8ine€

Q0 DV DV AD

cos w cos f)sin € + coswsin i cose¢

B O P *QN"U;*U I
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R = —-cos §} sin 1 cose - cos i sin e

w
1l

-c0o8 §) sin i sin € + gin i cos €

w denotes the argument of perihelion

0 denotes the longitude of the ascending node

i denotes the inclination | '

€ denotes the obliquity of the ecliptic for 1950.0

From the listings of Appendix B, we have

w  (~ARGPER) = 70°,19002182

2  (=NODE) = 80°.41833167

i INCLINATION) = 10°.60075242
and for the equinox of 1950.0

€ = 23°.44578785

Substituting these values in the formulae, the components of the PQR matrix are

P, = -=0.8554523125
Py = 0,3789403134
Pz = (.3528951552
Qx = =0.4850733612
Qy = =0.8250389098
Qz = =0,2898527754
Rx = 0.,1813978365
Ry = =0.4191837735
RZ = 0.8895852949

(Usetul checks on the PQR components, which are direction cosines, are that the sum
of the squares of any row (or column) of components should equal unity, and that the
dot product of any two rows (or columns) should equal zero.)

4-14
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We are now in a position to compute the required rectangular coordinates X, Y, Z:
(2} Compute _
M = Mo+ n (JD - JDo)
where
JDo denotes the Julian Date at osculation
JD denotes the Julian Date for which the‘cqordinates are required
n denotes the mean daily motion '

Mo denotes the mean aﬁomaly at JDo
M denotes the mean anomaly at JD

From Appendix B

JDo (=1JDOSC + 0.5) = 2442000.5
n (MEAN MOTION) = 770".4945317
Mo (=MEAN ANOMALY) = 126°.4530634
and
JD = 2442164,5
Therefore
M = 161°,5533699 = 2.819638223 rads

(b) Compute E from
E -e ginE = M

where
E denotes the eccentric anomaly
e denotes the eccentricity

From Appendix B
e ECCENTRICITY) = 0.07829883826

Then E is obtained iteratively in the following manner:
e Agsume first appfoximation E,= M radians

e Compute My = E, - e sin El
1-BCOSE1

¢ Compute E2 = E1 +
4-15
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¢ Compute My = E; - e sin Eg
o Continue iterating until change in E is negligible

Thus
E = 2,842694665 rads = 162° , 8744067

(¢} Compute

X = a(cos E -¢)

Y = bsin E
where ‘

b = al,(l-ez)l/2

and a denotes the semi-major axis.
From Appendix B

a (=SEMI~-MAJOR AXIS) = 2,767948524
therefore

X = -2.861949202
Y = 0.812567832

(d) Compute the unperturbed coordinates.

. -
X F’X Qx Rx X
Yy = R Y
PY QY y Y
: ‘
Z Pz QZ Rz O
Thus
Xt = 2.054106054
Y = -1, 754908006
VA = -1,245779244

(e) Compute the perturbed coordinates by addition of the perturbations obtained in
the second example above.

4-16

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D420943

Thug
X = 2,054471661 - ' T
Y = -1.7549533562
= -1, 245753966

Z

Comparison with the values in the first example validates the computations.

Example .6: The Mean Anomaly for an Improved Orbit. Perturbations in the orhital
elements contained in Appendix D are, except for the case of the mean anomaly,

simply the differences between the elements contained in Appendix B at the correspond-
ing date and at the initial date. The perturbation in the mean daily motion for 1 Ceres
at 2443600, 5, for example, is obtained as follows:

From Appendix B, the mean daily motion, n,

at JD 2443600, 5
at JD 2441660. 0
Difference in n

770.58375366239
771.16700000000
~0. 58324633761

]

This is precisely the value for the perturbation in n, DEL MDM, tabulated in Appendix D
for JD 2443600. 5.

The mean daily motion is constant in an unperturbed orbit. Any change in its value
with time is due solely to the perturbations of the major planets. The same is true

for any element,

The mean anomaly is not an element in the usual sense, since it changes linearly with
time in an unperturbed orbit. It is therefore given by the formula

M = Mo +n (JD-JDO)
Thus the total perturbation in M consists of perturbations in the individual quantities

M, and n. The quanfity called DEL MO in Appendix D is the perturbation in Mo only.
To this must be added the effect of the perturbation in n, and this effect is in fact
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an integral. For a tabular 400-day date this integral is the sum of all preceding
values of DEL MDM multiplied by 400, M is expressed in degrees, while n is
expressed in seconds of arc; thus in practice the sum of the tabular values is
multiplied by 400/3600, or divided by 9.

The total perturbation of M could have been computed directly instead of that for
M, but this quantity would be tied to the initial standard date rather than to the
preceding 400-day date. A considerable loss in flexibility would result.

As an illustration, find the value of M for 1 Ceres at 2443600. 5 from the perturba-

tions in Appendix D. Proceed as follows:

(a) From Appendix B, cbtain the mean anomaly and mean daily motion for 1 Ceres
at Julian Date JDO = 2441600.5

-

41° . 19588888888
771", 16700000000

M
¢

n
8]

(b} Compute the unperturbed mean anomaly ai; JD = 2443600.5

n

1l

2000.0

JD - JD
o

Thus

771.16700000000
3600

=
n

M -+ 2000 x
o

469°. 62199999999
Subtracting 3600, the unperturbed mean anomaly at 2443600. 5 is 1090. 621995999999,

(¢} Compute the perturbation in n, From Appendix D, obtain the values of DEL MDM
preceding 2443600, 5. These are

JD = 2442000.5 DEL MDM = - 0. 67246831416
2442400, 5 - 1.93973984903
2442800.5 - (0.15878519331
2443200.5 - 0.21417159313
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The sum of the DEL MDM values is - 2.98516494963. Dividing by 9, the effect of
‘the perturbation inn is

- 0,331684994403
(d) From Appendix D, obtain the perturbation in Mo at JD 2443600, 5. This is
DEL MO = -3.422076800154 ;
(e) The total ﬁerturbation is theri the sum of the values ob_ta.ined} in (c) and (d) above.
This is ' , ' :
' - 3.753761794557

(f) Obtain the perturbed mean anomaly by adding the total perturbation in (e} to
the unperturbed value in (b)

M = 105. 868238205442

This value compares closely with the perturbed mean anomaly at 2443600, 5 tabulated
in Appendix B for 1 Ceres, which is |

M = 105.8682382056548

The éomputations using the pérturbations are thus confirmed,
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~ Sectioh 5
IMPROVED EPHEMERIS ACCURACY

If has been noted in the preceding sections that the elements initially adopted were ob-
tained from :published elements without the inclusion of :perturbations over the often
long intervals of time from the dates of osculation in the publfshed elements to the ini-
tial 400-day date. The required numerical integration of these perturbations planet-
by-planet was not practical within the contract period. In this section, provisional
improvement of the initial elements is discussed and the theory of a method to do this

for a minor planet orbit is developed.

The basic idea behind the theory depends on the known fact that by" far the largest part
of the error in the position of a minor planet usually lies in its mean anomaly. A
change in the mean anomaly coupled with a small rotation of the orbit plane and no
changes in the other elements can always be made to fit an observed or ephemeris po-

sition, and thus to produce better osculating elements at and near that date.

A suggested procedure to find suitable initial elements for all of the numbered minor
planets is 6ut1ined in Figure 5-1. The reduction of published elements for all of the
planets fo the initial 400-day date with two-body formulas has been done. The basic
program for numerical integration from the published epochs to the initial 400-day
date is now available for use with those minor planets that possess good elements and
thus deserve this relatively expensive treatmeni. For those minor planets that do not
have good elements, the appropriate improvement method discussed below may be

used.
5.1 IMPROVEMENT OF ELEMENTS FROM CURRENT OBSERVATIONS

" The direct and efficient method developed in par. 5.3, of improving the accuracy of
the minor planet elements at the adopted standard date {October 10, 1972), uses recent
observations taken less than about 200 days from the standard date. During the time
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within the 200-day interval, the effect of perturbations is negligible, and therefore or-
bit element improvements can be made using only two-body formulae. Unfortunately,

only a few minor planets have available observations within 200 days from the adopted =

date,

An alternative is to make use of positions observed earlier. However, to attempt an
improvement with observations several hundreds of days earlier than the standard

date would increase the accuracy of the elements only if the perturbations are included.
The means for improving orbital elements, using recent observations including effects

of perturbations, is included in the new system. The theory is presented in par. 5. 3.
5.2 IMPROVEMENT OF INITIAL ELEMENTS FROM PUBLISHED EPHEMERIDES

Instead of using current or recent observations to improve initial orbital elements,

predicted opposition ephemerides from the published Ephemerides of Minor Planets

can be used. These predicted positions are close (within 200 days) to the adopted date-
and therefore perturbation effects can be neglected. Furthermore, these predicted
positions have been computed including ,perturba;:ions from epoch to the date of tabu-
lated ephemeris position, Therefore, the theory described in par. 5.3 can be applied
directly to improving orbit elements at the adopted date.

5.3 THEORY OF ORBIT IMPROVEMENT METHOD

Suppose we have one perfect observation of a minor planet. How can we use this to

improve the orbit of the minor planet?

An observation of a minor planet consists of two independent quantities; e.g., right
ascension and declination. Thus, one observation imposes two conditions on the orbit;
or, in other words, two orbital elements can be determined from one observation,

provided the other four elements are otherwise known.

Here we propose to determine from the one observation the corresponding eccentric
anomaly, E, and an angle g, through which the assumed orbit plane must be rotated
about a line in itself in order to obtain the actual orbit plane, The location in the orbit
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plane of the axis of this rotation is arbitrary, but it should be nearly perpendicular to

the radius vector in order to minimize the size of the rotation.

The assumed orbit plane is defined by a set of published or otherwise given angular

0, and i°. The small rotation g will, in general, cause small changes

elements wo, Q2
in each of these angular elements. The value fou.nd for the eccentric anomaly deter-
mines the mean anomaly at Epoch, since both a and e;are not changed. Thus, four of
the six elements are here modified by the two conditions provided by a single observa-
tion; these are Mo’ w, §2, and i,

L}

5.3.1 Rotation of Orbit Plane. Given a rectangular coordinate system ?{O, Sro, z°

based on the assumed orbit plane as the %° Tro-plane and let ¥ be the angle in this plane

from the positive % -axis to the positive axis of rotation. Given also a rectangular
coordinate system X, y, Z based on the actual orbit plane as the ¥ ¥~plane, then the
rotation matrix connecting the rectangular coordinate systems based on the assumed
and actual orbit planes is obtained by three successive rotations; (1) about the z° -axis
through the angle ¥, (2) about the resulting x~like axis through the angle g, and

(3) about the Z-axis through the angle ~v. Denote this rotation matrix by A, then

% %°

v =a |9

z 7
cos Y-sin?VY 0 1 0 0 ' cos Ysin ¥ 0
A = sinY cosYO0 0 cosgsing -sin YcosY 0
0 0 1 0 ~-sin g cos @ 0 0 1

1 -siny sin?Y (1 -cos @) sin Y cos Y (1 -cos @) -sin Y sing
A = cos¥sin?¥ (1 ~cosg) 1 -cosYcosY (1 -cosqg) cos?Y sing
sinY sin g -cos8 Y sin § cos §

let Y = £ + 900, where I is the true anomaly of the radius vectof.
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Then
sinY = cosf({ sin¥cosY = -sin fcosf
cosY = -sinf) " sinY sinY = cosfcosf
cosY cosY = ginfsinf
1 -cosfecosf (1 -cosf) -cos f sinf (1'-cos ) -cos f sing
A = -sinfcos f (1 —cos 85) 1 -sin f sin (1‘ -cos §) -sinf sing
| cos f sinf sin f sin 6 ! cos §

The expected size of the angle g is of the ordex_' of a few seconds of arc, or at most a
few minutes of arc. Even for the extreme angle of one degree:
sing = .00175 cos g = .99985 1 -cosg = .00015

Thus, to the accuracy needed in practice, the mafrix A reduces to

1 0 -cos f sin g
A = 0 1 -gin £ sin @
cos fsing sinfsing -1

The complete matrix A may be written’

A=1+B
Where
-cos fcos f (1 -~cos §) -cos fsinf (1-cosf) -cos {sing
B = -sinfcos f (1-cosg) -sinfsinf (1-cosg) ~sinfsing
cos f sin @ _ sin fcos @ -(1-cos §)
Now
Al -1+ 8B
5-5
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thus
%° % % b3
) =al(y]=(v) 8|y
z° z z z
Since
X = rcosfi
¥ = rsinf
zZ = 0
X -cosf (1 ~cos B}
B ¥ =r -sinf (1 -cos §)
Zz -sin g
Hence
=0 -
X cos f (1 -cos @)
?0 = y - T sinf (1 -cos @)
_0 — .
Z z ~-sin @

5.3.2 Basic Equations in the Assumed Orbit Plane. The equations connecting the ob-

server, the Sun, and the minor planet may be written

p'io—_xo + X°
pi® =3° + ¥°

pv° = 2% + Z°

where X°, ¥°, Z° are the coordinates of the Sun with respect to the observer; 3, 12,
7° are the direction cosines of the right ascension and declination measured by the ob-

server; and p is the distance between the observer and the minor planet.
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Substitute for the coordinates (?co, ?0, Zo) relative to the assumed orbit plane the co-
ordinates (%, ¥, Z) relative to the actual orbit plane. Then

10 X %° cos f (1 -cos @)
ol B° =ty ] + 7° -t [ sinf (1-cosp)
70 z Z° -sin ¢

Explicitly, the basic equations become:

p—?to = a (cos E -e) + %X° - recosf (1 -cos g)
pi° = b sin E + ¥° ~ rsinf (1 -cos §) (1)
pi° = 0 + Z° 4+ rsing '

5.3.3 Solution of Basic Equations. Since § is so small, (1 -cos§) is negligible in

the first approximation. To exploit this fact, let

X° - reosf (1 -cosé)

X =
—_— 2
¥ = ¥° - rsinf (1 -cos@) % @
Thus, the basic equations (1) may be written:
pA° - a (cos E -e) + X’
pi° = b sinE + ¥ % (3)
pi° = + Z% + rsing

In the first approximation the terms in (1 ~cos ) are set to zero, and in subsequent
approximations they are computed from the previous approximation. In this way the
first two of the above equations are used to determine p and E, while the last is used

to defermine sing.
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To solve for p and E, write

o - X - ae) ]/a
% - ¥ ]/b

cos E

£ (4)

sin E

I

u.‘ 1 = (iop _ 2/ " ae)z/az + (’:Op - ?/)Z/bz

or 2% - X7+ ae)® + a23% - ?’}2 = a%p?
[azﬁoz + bziozjlpz - 2 [azﬁ AT (3(' - ae):l
+ [a2Y2+b (X -ae.) -azbz]:O
But

b2 = az 1 - ez)

.'.'[a"z + (1 -6 x°2]p2 -2 [ﬁ" ¥ o+ 1=t P X - ae)]p }
+ [Y/Z + (1 —ez) X7 - a.e)2 - b2] =0 ©

The solution (or solutions) to this quadratic is the required distance . Then cos E
and sin E follow from (4), r = a (1 -e cos E), 8 is obtained from the third of (3),

- =
and a new iteration can be started with the computation of X ‘and T from equation (2).

When the iterations have converged, the mean anomaly (Mo) at Epoch is obtained from
M = E-esinE + n(t-to)

Y

Finally, the rotation matrix, A, is computed with g and applied to the given PQR
matrix to obtain the improved PQR matrix, from which the improved values of w,
and i may be computed by standard formula, if desired.

5-8

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D420943

To examine the values of the roots of the quadratic (5), suppose e = 0 and (1 -cosg) =

0. Then
2 2 2 2
- - =0 -0 5 < =0 2
(?\0 +.uo)p2—-2(AOXO+JiOYO)+(X° + Y -a) =20
Neglecting the small effect of all Z - terms, we have
2 2 0o om0 : —02 —o2 2
30° + fo" =1, , X +7 Y =Rcosy, X +Y =R

92-2p R cosyp + (Rz—az) =0

iP-R cosm2 —(a2 - Rr? sinzzp) =0

2
p = Rceosy + /az - stin"'z,b

In the neighborhood of opposition cosy = - 1, and there

0+ 1)° = a®

=a-1 or -a-1

Hence, only one positive root is possible there, and its value agrees with the vaiue
seen from the geometrical relations.

Roots of the general equation represent the distance from the observer to a point on
the minor planet orbit in the direction observed. So long as the minor planet orbit
lies outside that of the Earth, only one positive root is possible. If, however, the

minor planet orbit penetrates that of the Earth, then a second positive root may be
possible.
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As soon as the distance P is obtained from the quadratic equation, sinh E, cos E,

sin f, cos f, r, etc., follow immediately. Then

r sin 6 = JOP- 7°
and the solution is completeto the accuracy of the approximation.
The value for p obtained from the first approximation will probably always be sufficient.
However, the solution of the basic equations can always be obtained to any desired
accuracy in a practical case by easy iterations. In each iteration the values from the

previous iteration are used to compute the terms neglected in the first approximation,

and the iteration then proceeds exactly as in the first approximation.
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Section 6
COMPUTER PROGRAM

Described in'this section are the computer programs that were developed to prowde
the new system discussed in Sectmn 4 A general ovemew of the program capabﬂltles
is given, and the numerical mtegratmn techniques employed are described. In addi-
tion, two data tapes, which were received to assist the contract work, are reviewed.
The computer programs developed during the study are listed and briefly described in
Appendix F.

Almost all programs were written in FORTRAN IV, and features peculiar to local in-
stallations were usually avoided. Advantage was taken of the 60-bit word length of the
CDC6400, and conversian to a machine with a shorter word length would be difficult,
Compilation and runs were done under a local version (CALIDOSCOPE) of the SCOPE
operating system. Active programs and subroutines were maintained in a library kept
in a permanent file on disk. The Berkeley machine has four tape drives, but no pro-
gram requires more than two. Extended core storage was not directly used. The
largest programs required about 70,000 (octal) words of central memory.

6.1 GENERAL PROGRAM LAYOUT

An overview of the computer programs is shown in Figure 6~1. The published minor
planet elements at Epoch are reduced to the standard date with no perturbations and
output on tape. Two subprograms are available for improving the taped elements at
the standard date according to the data available. The taped eleinents are then input
to a subprdgram whose primary function is to integrate, forward or backward, the
rectangular coordinates of 50 minor planets for one 400-day interval. Two series of
tapes are produced (see par. 4.3). The first series is designated Tape B in Figure
6-1 (Tape A is an initial version to start the process) and contains the elements of
the minor planets and associated data. The second series is designated Tape C and
contains the rectangular coordinates and perturbations with respect to the preceding
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~— TAPE A ELEMENTS FOR ALL NUMBERED MINOR PLANETS AT STD DATE 2441600.5

LMSC-D420943

NMP 20 ELEMENTS REDUCED FROM EPOCH TO STANDARD
DATE (241600.5) WITH NO PERTURBATIONS

4

_——

]
NMP 24 ELEMENTS AT STANDARD DATE IMPROVED BY USE OF TWO -
| EPHEMERIS POSITIONS DURING THE NEAREST OPPOSITION

NMP 25 ELEMENTS AT STANDARD DATE IMPROVED BY USE OF

ONE OR MORE RECENT OBSERVED POSITIONS '
r— T —— T A
| NMP 26 ELEMENTS ADVANCED FROM ANY EPOCH TO NEXT [
- 400~-DAY DATE WIiTH FULL PERTURBATIONS INCLUDED _:

____________ —————————

NMP23  INTEGRATE FORWARD OR BACKWARD THE RECTANGULAR

COORDINATES OF 50 MINOR PLANETS FOR 400 DAYS,
COMPUTE, LIST AND TAPE ELEMENTS, RECTANGULAR COORDH

INATES AND PERTURBATIONS AS DIRECTED BY CONTROL CARDS/

4 ;

TAPE B TAPE C
ELEMENTS, PERTURBATIONS, RECTANGULAR COORDINATES,
ASSQCIATED DATA, RESTART PERTURBATIONS WITH RESPECT
DATA. TO PRECEDING 400-DAY DATE.

|

1 TAPED  SAME AS TAPE C, BUT I
WITH RESPECT TO NEARER |

1 400-DAY DATE, I

Figure 6-1 General Program Layout
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400-day date. Existing capabilities are indicated by solid lines in Figure 6-1, future
extensions are indicated by broken lines. A description of the program functions is

given in the following paragraphs.

' NMP 20. The taped elements described in par. 3.5 were reduced with Program
NMP 20 to tfle standard data (Julian Ephemeris Date 244 1600.5 = 1972 October 10. 0
Ephemeris Time) adopted in pai‘. 4.2, The program uses twd-body formulae; that is,
alt elements' except the mean a.homalg} were adopted without cﬁange, while the mean
anomaly at the standard date was computed from

p (2441600.5 - JD 1)

Mi60o  MEpoch * PEpoc
This simple approximate method is intended only to provide a uniform set of elements
for all of the numbered minor planets so that systematic methods and programs can be
used henceforth, The adopted elements were output to magnetic tape, designated

Tape A.

NMP 24. This program uses for each numbered minor planet two predicted
positions taken from the opposition ephemeris nearest {o the standard date, improves

the initial adopted elements, and produces a new Tape A.

NMP 25, This program is similar to NMP 24 but uses a single observed posi-
tion for each further improvement of the initial elements.

NMP 23. Tape A provides the initial input to NMP 23, which performs the
prime function of integrating the rectangular coordinates of a set of up to 50 minor
planets for an interval of 400 days either forward or backward. Two tapes are pro-
duced. Tape B contains the elements of the minor planets, the perturbations and as-
sociated data, and also restart data for a following 400 day interval. Tape C contains
the rectangular coordinates and their perturbations with respect to the preceding 400-
day date (see par. 4.3). '
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The methods employed in NMP 24 and NMP 25 are relatively inexpensive and satisfy
an immediate need. However, they do not fully utilize the accuracy inherent in pub-
lished elements that have been determined by the best methods from adequate data.
For those minor planets that have excellent elements, perhaps osculating at a distant
epoch, there is no alternative fo reducing such elements from their epoch of oscula-
tion to the standard date 2441600. 53 by means of accurate numerical integration. Since
the epoch of osculation will usually not be a 400-day date, this reduction should be done
in two steps:

a. Use of NMP 26 to integrate one or more minor planets from a common oscu-

lating date to the following 400-day date

b. Use of the principal program NMP 23 to reduce from that 400-day date to the
standard date 2441600. 5

Once initial elements at 2441600. 5 have been obtained, the elements can be accurately
extended to any earlier or later 400-day date by means of the principal program
NMP 23.

- NMP 26 is indicated on Figure 6-1 as a future extension of the new system that should
be considered for implementation. An envisaged additional extension is Tape D. This
tape is the same as Tape C except that the perturbations are with respect to the nearer
(instead of preceding) 400-day date. This procedure will minimize the magnitude of
the largest perturbation.

The principal Program NMP 23 will be discussed in more detail because of its import-
ance in computing the data provided by the new system. A flow diagram of the program
is shown in Figure 6~2.

NMP 23 has many options that may be exercised during test or production runs. They
are specified by the numbers punched in two initial control cards. During production
runs, they control the flow of the program from group to group of 50 minor planets or
over successive 400-day intervals, as well as the type and quantity of listings to be
produced.
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READ TWO PROGRAM CONTROL cnosl
' .

READ FOUR CARDS WITH NUMBERS OF SINGLE MINOR PLANETS SELECTED
T FROM EACH GROUP OF 50 FOR FULL LISTING. '

1

POSITION SPECIAL TAPE OF PLANETARY COORDlNATES AND INDIRECT TERMS.
READ DATA FOR CURRENT 400-DAY INTERVAL INTO RIGH- SPEED MEMORY,
WHERE IT REMAINS UNTIL A NEW 400-DAY INTERVAL IS ENCOUINTERED,

!

INITIALIZE FOR ONE GROUP OF 50 MINOR PLANETS,
g :

READ ELEMENTS FOR REQUIRED GROUP OF 50 MINOR PLANETS
FROM TAPE A OR TAPE B,

]
COMPUTE E NUMERICAL INTEGRATIO;I — STARTING PROCES
ACCELERATIONS =1 NUMERICAL INTEGRATION — RUN PROCESS
i
MONITOR THE NUMERICAL INTEGRATION
1
CONTROL AND IMPLEMENT THE QUTPUT LISTINGS §

AND TAPES B, C.

[]

COMPUTE DOUBLE-PRECISION RECTANGULAR
COORDINATES AND VELOCITIES AT FINAL
400-DAY DATE.

]
DECIDE ON NEXT GROUP OF 50 MINOR PLANETS

OR NEXT 400-DAY INTERVAL,

T
TERMINATION

Figure 6-2 NMP 23 Flow Diagram
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While the rectangular coordinates of cach minor planct at cach 4-day step are com-
puted and output to Tape C, their complete listing would produce too much output lor
praclical storage or usc. Accordingly, a single minor planet among cach group of H0
is chosen to recceive such listings, and the extent of these is limited as specified in
the initial control cards. The numbers of those plancts selected in the groups of 50

arce read from four furtherinitial cards,

Options in the initial conirol cards specity the major plancts that are to be included in
the perturbations.  In the current production runs, all major plancts from Mercury
through IPluto, both inclusive, have been used. These same options direct the prior
preparition by Program 4 P8 of the speciad tape of planctary coordinates and indircet
terms required by NMP 23, On this tape, cach 400-day interval must be complete;
that is, it must include data for dates before the starting osculating date and after the
final onec. Thus, cach 400-day interval overlaps both the preceding and following ones.
Indireet terms are thosce parts of the planctary accelerations that are due to the usc of

an origin at the center of the aceclerated Sun.

The tapes (A and B) output by NMP 20, NMP 23, NMP 24, and NMP 25 all have the
format required for input to NMP 23. The contents of these tapes are described in

par. 4.3.

The numerical integration process and programs are described in par. 6.2.

Options contained in the initial control cards direct the program to start with a given
group of 50 minor planets, to continue over one or more groups, and to end with a
given minor planet. Or, a single group of 50 or fewer minor planets can be integrated

over successive 400-day intervals, either forward or backward.
Numerous checks are provided in the program to ensure that a run is set up in a con-
sistent and logical manner, and with the correct data. TFailure of any check causes

immediate termination with a diagnostic. Numbers that appear on the page and column
headings are set by the program and are those actually used.
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6.2 NUMERICAL INTEGRATION TECHNIQUES

The numericai integration is carried out with a predictor-'—-c'o.rr;actor formule-l," and the
process is siarted by an iterative method. The single and double sums are carried to
- double precision, but all other quantities are computed to sinéle precision, which on
the CDC 6400 amounts to about 14 significant places. The chfferentlal equations of
motion in reetang‘ular coordmates are integrated dlrectly, that is, the so-called
"Cowell method" is used. At the same time, the unperturbed coordinates are com-
puted from the starting elements and are subtracted from the integrated ones to give
the perturbations in the coordinates. This procedure is much to be preferred to the
so-called "Encke method" when used on a modern electronic computer, since the sizes
of the numbers are not as important as they were when the computations were done by
hand. Each method, when properly done, will yield exactly the same accuracy — no

more, no less,

To test the accuracy of the integration process and programs, integrations of several
minor planets were made with only two-body accelerations. After 100 steps, it was
found that the integrated coordinates agreed with the coordinates computed from two-
body formulae within the accuracy of the latter (14 significant places). Of course,

this agreement would not continue if the integrations were continued over a large num-

ber of steps.

The accelerations produced by all the major planets from Mercury through Pluto are
included in production runs. The step interval of the integration is four days. This
short interval is necessary because of the short period and high eccentricity of Mer-
cury's orbit (e = 0.206). It should be remarked here that no other integration process
(Encke method; integration of the elements; etc.) can use a step interval longer than
can be used in the present process to attain the same accuracy. The limitation on the

- length of the step interval is inherent in all methods, so long as the attraction of Mer-
cury is included. Even this short step interval may produce an appreciable error when
the integrations ai‘e extended over a very large number of steps (1000's).

At each and every step of a numerical integration, a short test of the computer's cen-
tral processor is made to prove that it ig stili functioning correctly. Any failure of
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this test causes an immediate abort with listing of the central processor registers and
storage arcas. No crror isolated from a general machine malfunction has been

detected.

At cach step of the intcgration the difference between the predicted and corrected val-
ues for each coordinate is monitored, as s the size of a specified difference of the '
accelerations at successive dates. These valties are stored in memory fo_r each of
the 150 coordinates. Whenc\;er a value larger than the stored one is encountered, the
larger value replaces the one in storage. These monitor variables are not used to
modily the step interval or to causc termination, since with the short step interval
used here difficulties are not anticipated (except for the very few extraordinary minor
planets moving in orbits of very high eccentricity, and these always require special
treatment). The function of the monitor variables here is mainly to prove that nothing
uncexpected did actually happen, and they are ordinarily printed out at the end of each

400-day interval to give visual proof.

About 100 seconds of central processor time on the CDC 6400 are required to integrate
50 minor planets through one 400-day interval, Thus, the integration of the numbered
minor planets would require about 1 hour of central processor time on this machine.

This high speed demonstrates the economy of the mass production approach and makes

practicable the integration of all of the numbered planets over long periods of time.
6.3 JPL PLANETARY POSITION DATA TAPE

The easy inclusion of the accelerations by all of the major planets was made possible
through the generosity of Dr. J. H. Lieske, Jet Propulsion Laboratory, who kindly
provided tapes containing the coordinates of the major planets ai an interval of 4 days
for the 19th and the 20th centuries. These tapes were translated to the system of the
CDC 6400, and work tapes needed by the various programs can now easily be made.

6.4 MINOR PLANLET OBSERVATION DATA TAPE
Dr. Paul Herget, Director, Minor Planet Center, Cincinnati Observatory, very

kindly provided a tape containing all observations published since approximately 1940
6-8

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D420943 -

for all of the numbered minor planets. An examination of the observations éontained
on this tape shows that for most minor planets the latest accurate observations lie sev-
eral years prior to the adopted initial 400-day date of 1972 October 10. At the begin=
ning of the work, only a very few more recent observations were available from other
sources. For most minor planets, the perturbations from the adopted initial date back-
ward to the latest accurate observations are large compared to the accuracy of the ob-
servations themselves. Thus perturbationé must be included even in the first use of
these observations, and the computation of the perturbations should be based on better
initial elements than those furnished by the adopted initial ones derived solely from the
two- body reduction from the published epoch to the adopted initial epoch. Accordingly,
less use has actually been made of the observations on this tape than was originally

anticipated.
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. Section 7
CONCLUSIONS AND RECOMMEND_ATIONS

Conclusions from the study are.summarized as follows: |

a.

c.

The survey of the accuracy of minor planet ephemerides showed that the
present system does not provide accurate ephemerides nor does it provide
the means for comparing these data with current observations without
prohibitive computation, The orbit elements for most numbered minor
planets are not sufficiently good to provide the accuracy needed for mission
planners, and are totally inadequate unless brought up to the date of the
mission with the inclusion of perturbations by the major planets, The cur-
rent system of providing approximate opposition ephemerides is barely suf-
ficient for the simplest needs of astronomers and is not organized so as to
provide extension to other research work.

The new system is designed to satisfy the needs of mission analysts and
astronomers alike. The best possible initial elements will be provided for
all of the numbered minor planets, and perturbations relative to these elements
will be computed over the time intervals of interest. Means will be provided
to monitor the accuracy of the initial elements and to improve them, on the
basis of recent ohserved positions, as the need arises. Results in formats
easy to use will be made available to all who need them.

Methods for quickly improving the accuracy of the initial approximate .
elements at the adopted standard date on the basis of published ephemerides
or recent observations have been developed and tested. These are designed
to give initial elements of a quality sufficient to provide good perturbations
without extensive numerical integrations. They will serve to get the new
system started in an economical and systematic manner,

Computer programs to do the work required to set up the new system have
been completed. Basic programs for the numerical integration of perturba-
tions in groups of 50 minor planets have been designed, programmed, and
tested. These programs possess the efficiencies of mass production, so
that rather extensive numerical integrations are now practicable.

The fo!lowiﬁg recommendations are suggested for continued development and use of the

new system:

al

Improve the accuracy of the osculating elements of all of the numbered minor
planets at the standard date 1972 October 10, using techniques and computer
programs now available, These programs are diagrammatically shown and
described in par. 6.1, '

7-1

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D420943

Continuously monitor the accuraey of the elements by representing all
observed positions as soon after they are made as may be possible. Mass
production methods will be used to do this economically.

Plan how results that flow from the new system can best be distributed
to all who need them. The needs of mission planners may be mostly
satisfied by the listings and tapes described herein. But, for example,
should not each mission that enters the belt of minor planets be examined
for possible passes near some minor planet? Should astronomers be
provided with improved opposition ephemerides? Etc., etc.

Implement the plans derived from the above task to systematically distri-
bute minor planet ephemeris data to all who need them in formats com-
patible with individual requirements,
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Appendix A
RESULTS FROM ACCURACY SURVEY

The computer listing contained :in Appendix A represents the final estimates of
ephemeris accuracy for all of the 1779 numbered minor planets An explanation
of the headmgs on the computer listing table is given on page 37 of this listing
(page A-38 of this Appendix). Comments on the method used to estimate the
ephemeris uncertainties are given on page 38 of this listing (page A-39 of this

Appendix).
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STATUT IF MUMEFR SR MTNDO D{ANTT FPHEMEFTOES 1

NUMRER MAME NOTE ARMAG Epncy £ PLANETS QPROSITIDNS RPESIDUAL LASY EREDRE GFC EROCY kM3
1 FERES 4.1 1968 M8Y 24 2.7663 1969 1.0 1.3 ESTYVATED
2 PALLAS 9.2 1948 MAY 24 2.7687 . 136n 1.0 1.3 ESTIMATED
3 JUND 6.4 1968 MAY 24 2.A8R0 1949 1.0 1.2 ESTIMATED
& VF5T2 4«3 1268 MRY 24 2.361% 1949 1.0 1.0 ESTI™ATED
5 BSTCAEA A.0 1956 NNV 23 2.3730 2 B 28 191f 1258 50.5 10943 101.1 115.7
6 HEPRE 6.7 1941 JAN & 2.%4259 2 8 0 -0 -0 1.6 19¢a 222.3 229.7
7 1IrvS 6.8 1935 AUG 2 2.,385% 2 8 0 il -0 2.4 1089 340, 7 362.3
A FLOPA 7.5 1951 DFC 20 2.2016 5 & 4 195% 1960 ~180.0 1947 1000.3 871.?
9 wETTLS Ta3 1957 JuN 11 2.3R63 5 & 4 1955 1950 3.6 L1967 22.9 3.0

10 HYGRTE? 6.6 1947 JUL 2R 3,150f S & 10 1949 1342 -5.1 192 2. T +l.6
11 PAPTHFNODPE 7.8 1962 NEC 2 2.4525 5 & T 1955 1944 -31.0 19269 13.5 14.2
12 virTpery B.B 1941 J2NM 6 2.3232 2 8 0 -3 -0 A.3 1967 1100.4 1063.3
13 EGEFPTA 8.0 1947 JAN 15 2.5763 5 6 T 16%} 16%1 -38.1 1969 215.2 2%5,.3
14 TOEME Te4 1949 NEC 30 2.5878 Z 9 18 1930 1957 2L.6 1969 S4.6 62.8
15 gunpuye 4.3 1967 DEC 2 2.6424 2 g 17 1744 198 3.6 1%k 11.R 1.1
16 PSYrHE 6.9 (951 DEL 20 2.9228 5 & 5 1950 1959 36.0 1369 210.27 292.9
17 THETIS 8.7 1957 JUN 1t 2.4492 & & 4 1953 1957 =1.8 194% 17.1 12,2
18 MELTPOMERE 7.8 1962 OFT 2 2.2958 5 & T 1955 1963 H.0 1567 22.2 20.8
19 FNaTUMS 8.4 1951 DEC 20 2.4418 5 & & 11953 1961 3.0 1969 403.3 421.4
20 MVasSALIA Te5 1956 NOV 23 2.4088 2 A 30 1916 1°59 14.3 19%ePR 34.0 34,7
21 LUTET12 6.T 1962 DFC 2 2.4349 5, 6 10 1947 1965 -5.4 1949 16.% 17.0
22 KALLTNDE T.5 1947 JAN 15 2.9092 ] ] 9 1951 198} -6.2 198 3.6 51.8
23 THALTA B.3 1756 NV 23 2.56247 2 8 21 1920 1957 19.4 19567 44,9 52.8
74 THEMTS 8.2 1957 JUN 11 3.1789 5 -] 5 1954 1960 -2.4% 19¢t8 1545 24 .9
25 PuUnCBES .1 1937 JaN T 2.4007 2 a 0 -0 -0 3.4 1969 473.0 4R0.2
26 POANSETPINA 8.6 1951 DEC 20 2.6556 5 L] 5 1953 1958 =360.0 1969 - 2241.0 2689,2
27 EUTFRPF R.6 1941 MAT 27 2.3%472 2 g 0 -0 -0 2.1 19nE 2ZRm, 1 291.3
2R BELLONA 8.2 1960 MER T 2.7761 2 8 39 1506 1753 10,4 1968 23.6 30.3
?9 AMPHITRITE T.3 1951 NEC 20 2.5544 5 6 S 1953 1958 108.0 1969 &78.9 T64.8
30 y=amMis B.R 1962 DEC 2 2.3652 5 6 10 1927 1°66 10.5 1947 23.5 23.5
31 FyYPHRCSYNE 7.8 1962 DEC 2 3.1556 5 6 £ 1949 1956% 6.2 1969 17.3 27T.1
32 poenng 8.7 1951 OrC 20 2.5R7s & 6 5 19%3 1958 =324.0 19&8 201R.0 2322.1 -
33 ONLYHYMNTA o.8 1956 NOV 23 22,8622 2 8 18 1521 19%a -73.9 1965 1647.1 198.5
34 C(IRCF 9.6 1951 DEC 20 2.6B48 5 ] 4 1952 195A -21%.0 1959 1125%.0 1375.4
3% LEUKDTHEA 9.8 1962 DFC 2 2.0925 5 6 T 1%42 1C86 =4.5 1P66 13,7 19.8
36 ATALANTE 10.0 1955 NOV 23  2.748B 2 8 10 1928 1958 7.7 1989 22.8 28.8
3r FINDES R.5 1951 NDEC 20 2.6428 5 & 5 1952 1958 =72.0 1367 3r1.1 453.7
3R LEDE 9.7 190 MAR T 22,7358 2 8 20 1904 1952 B.1 19648 19.8 24.9
19 LAETTITIA T.% 1962 DEL. 2 2.76%90 5 & 9 1953 1963 ~1.5 19&9 9.3 11.9
60 HACMDMIA B.4 1662 DET 2 2.2668 5 6 B 1955 1965 -3.0 1969 12.1 12.0
41 ODAPHME B.3 1951 DEC 20 2.7624 5 S 5 19648 1953 25.0 1°68 202,2 259.4
42 1515 8.8 195t DEC 20 2.5410 5 6 65 1952 1559 90.0 1987 413,18 453.1
43 ARTEDMF Q.2 1955 MY 23 22,2022 Z 8 26 191T 1959 22.1 1969 48.6 L2.4
44 MYSE B.0 1966 APR 25 2,4217 2 8 14 1943 19266 6.0 15¢48 15.6 16.1
45 EUGFNYR 8.5 1056 NPV 23 2.7214 2 B 23 1921 1¢5¢© 11.5 1968 2%. 4 36.7
46 HESTIA 9.3 1956 MOV 23 2.5745 2 8 29 19z4 195A4 ~-58.8 1969 1390.3 154.0
47 AGLAJA 9.2 1951 NEC 20 2.8773 5 5 & 1944 195} 72.0 1989 3v.2 431l.6
47 DPRIS 8.1 1969 MAY 24 3,1143 1968 300.0 459.7 SSTIMATED
49 PALES 8.7 1957 JUN 11 3.0989% 5 6 5 1950 19&0 -3.6 1966 16.% 25.0
SQ VIPGINTA 10.4 1956 NOV 23 22,8495 2 8 14& 1924 1959 62.6 19569 125.6 150.2
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STATIG NF NUMBEFEN 4INAT PLANST COHEMECTDES Co2

PLANETS

eV

MNUMIED  NAME NOTE ABMRAG EPDCH 8 OPPMSITICRS PESTDUAM LAST ERRDNE €30 ERAINT KM3
SI  NFMAUSA °,7 1947 MR% 25 2,3657 2 A g 193 1054 8 1969 Jée9 12. 8
57 FURnot 7.6 1951 DEC 20 3.0956 1969 300.9 455,.,7 BESTIMATED
53 KALYPSM: 9.8 1956 NOV 23 2.6164 2 9 23 1923 1858 35.3  196% 75.2 rAR. 1
S& ALEXAMDRA 8,8 1967 “AR 2. T08S 2 g 20 1909 1951 17.2 1969 36.8 45,6
§5 DAMNPRA 9.n 1951 NF 2.7598 5 6 § 1954 1959 72.0 198R 469.6 599.0
56 MELETFE ©.6 1i°51 DEL 2.5973 5 & 5 19652 1758 180.0 1965 913%,2 1087.3
57 YNEMOSYNE 8.4 1978 4p2 2.1578 2 8 0 -0 -0 2.6 1969 333.3 521.3
58 ZNNITRDIA 9,9 1951 NEC 2.6093 5 L] 5 1©%3 195° 36.0 19&7 200.9 247, 5
50 EL®TS B.T 1951 DEC 2. T1s4l 5 6 5 1952 1961 90.0 1969 16B.9 45843
&40 ErMD 10.0 19586 MMy 2.3G33 2 g- 231 1915 1959 T3.8 1968 14C.6 142.0
&1 DAMEE B.8 1947 JAN 2.9F91 5 - T 1547 1762 ~10.1 1968 41.9 LI
52 FETmATP 9.8 1947 JBAN 3.1344 5 6 & 1952 1940 T.5 1968 4B8.7 5.4
63 tUSONTR B.2 1955 NOVY 2.3946 2 A 22 1924 19°%® -43.0 156° 0.3 21.3
64 AMGELIMEA 8.8 196 NOV 2.6818 2 8 2& 1915 1947 129.2 1969 245.6 769, 4
6% CYARELF 7.9 1962 DEF 3.6230 9 & 10 1347 19¢5 9.3 196R 22.1 389.8
66 MAJR 1.6 1951 DEC 2.6467 5 6 . & 1952 1958 an,0 1968 474.1 50658
6T ASTe 9.9 1951 DEf 2.4214 5 & 5 19%2 19%59 108.0 1967 S18.7 534.4%
68 LETN B.3 1939 MAP 2.7839 5 & 10 1949 1962 2:.6 19869 116.9 151.1
69 HESPERTA 8.3 1962 OFC 2.9791 S 6 11 1948 1942 4.2 1969 14.8 21.2
70 PANCDAER 9.2 1956 NIV 2.6148 2 B 17 1920 1958 23.1 196R 50.8 199 o &
71 NIREF R.S5 1956 MOV 2.7559 Fa B 17 1721 1357 R4.6 1969 169,86 215.8
72 FERCMIA 0.3 1964 JUL 2.2662 2 8 1D 1946 18964 2.0 1968 o113 10.6
73 KLY¥YTIZ2 0.3 1951 OFC 2.6657 5 é 5 1953 1958 252.0 1963 1571. & [pe~,2
T& GALATER Q.1 1951 NEC 2. T786 5 & 4 1953 1957 1464.0 19¢7 1052.8 1357.2
75 FEURPYDIKE 0.0 1951 DEC 2.6T16 5 & 4 1952 1958 30,0 1967 -1869.0 2269 .4
76 FPFIA 9.0 1957 JUN 3.3664 9 & & 1950 1961 -45.0 19&7 121.0 207.5
TT FRIGRA 9.6 1951 OEL 2.6094 5 6 4 1953 1957 108.0 1967 792.0 958,13
T8 DYAMA 9.1 1956 MOV 2.6186 2 8 16 1922 1957 -38,9 1967 3,2 97,6
Ta BT YHOME 9,3 1957 JUN 2.4440 5 -] 5 1953 1951 56.6 1989 177.5 1946.8
80 SaApPowO 3.3 1957 JUN 27565 5 6 11 1945 1965 5.1 1369 17.% 1644
A1 TESPSTTHNRE 9,7 1951 DEC 2.R535 5 6 5 1953 1959 36,0 19469 200.7 263.6
82 PLXMEME 9.4 1962 DET 2. 7631 5 & 10 1953 19567 -7.0 1969’ 18.7 23.9
83 RAFATRTX 3.8 1951 DEC 2.4309 3 6 5 1953 1958 72.0 1769 4560 &T2.9
R4 KLID 0.3 1951 DEC 2.3625 5 ) 5 1954 1957 180.0 1949 1161.8 1147.3
as 1 a.9 1951 DEC 26004 5 6 6 19%2 1659 108.n 1949 518.2° 621.%
B& SFEMELFE 9.8 1957 JUN 3.1007 5 6 4 17%3 1560 -0.0 1959 36.3 552
AT SyLvte 8.3 1962 DET 1.4812 5 & 10 1942 19%4 5.0 1969 15.4 75.9
88 THISRE A.2 1967 DEC 2.7680 5 6 10 1549 1964 3.8 1968 13.5 17.2
Ao JuLIa B.2 1962 DEC 245930 5 6 10 1948 1564 -3.0 19&8 24.0 27.0
90 ANTIOPF 9.3 1962 DEC 3.1317 5 & T 19852 1%65 4.1 1969 12.8 21.4
91 LEGINA 9.7 1951 DEC 2.5901 5 -] 5 1953 1@58 107,0 1969 67R, " TR2.3
92 UMDIMA 8.0 1947 JaAN 31,1999 5 6 9 1548 1952 -12.3 1948 50.9 80.6
G2 MTYMERVA pA.BR 1951 NrC 2.7541 5 ) 4 19%7 198 10R.0 19&8 6TB.G 862.5
94 AUSDFA 8.8 1947 JRN 3.1534 S 6 T o1esi o lesl 33,3 1967 155. R . 243.2
95 ATETHUSA B.9 1943 JUL 3.0689 5 6 6 1852 1961 ~24.6 1969 12440 185.9
96 BREGLE 9,1 1547 JAN 3.05%0 5 ] 5 19453 1960 8.0 1965 57.5 ' R5.6
97 KLOTHN A.7 1951 DFC 2. 6688 5 & 4 1953 1958 270.0 1966 1682.0 2035.7
98 TAMTHE 10.4 1962 DEC 2.691% 5 6 10 1949 1967 -6,3 1967 17.0 20.8
99 [pIKF 1.5 1962 DEC 2.663R 5 b 5. 1938 196% -84 1969 20.7 25.0

100 HEKATF 9.1 1951 DEC 3.0871 5 3 g 1942 1956 144.0 1967 338.9 SH8.3
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STATUS TF NUMBFPED MINTR PLANEY FPHEMET [OFS

1956
1951
1951
194n
1562
19£2
1947
1962
1051
194~
1951
1962
1964
1956
1051
1962
1962
1957
1951
1955
1948
1947
1951
1951
1951
1962
1957
1951
1956
1957
1957
1925
1051
19¢9
1951
1557
1962
1951
1551
199
1956
1951
1952
1956
1957
19&0
1957
19556
1967
1947

Foncy

MryY
DEC
DEFL
JUL
pec
DFC
JAN
DEF
nFer
JAM
nE"
DET
MDY
Ny
DEr
DEF.
ner
JUN
DEC
NCV
JUL
JAN
DEZ
DEC
DFC
DE”
JUN
DEC
pry
JUN
FER
JAM
DEC
JAM
NEC
JUN
DEC
DEC
nEr
MAR
NOV
DFC
JUL
NV
JUN
MAR
JUN
MOV
APR
JAN

A

2.5830
2.6%91
2.7017
3,.1300
242736
3.1519
1.4895
3.2192
?.6960
2.7325
2.5931
24343
2.3766
2.86752
2.3793
2. 7671
2.7908
2.4380
2.5807
3.1209
13,4528
3.2119
2.6936
2.630%
2.7429
2.4%381
2.7550
2.7515
2.8741
3.1173
244709
2.6123
3.0616
2.5642
2.4281
2.2872
3.1248
2.44R0
27829
2.T324
2. 65512
2.5187
2.75%9
2.654%%
2.6T37
2.7190
3.1388
2.7702
2.1744%
2.9825

BLANETS

VAN N AN AR NUMNNGUOVAMAEWAVANMNVMARAARVMVARNNM AOAVMAaan AN G VWA GGG WY
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WHEAN S AV NN P OWNLIFTOVO~NPTINOVHDYARNEDP O NSO D NN

COoPCRACDEFRIPOCFCTDOCFRPHROVCEERrNCRrRrrROROAROIPCD

NoPENSITIONE

—

™ [

[

o

N

NN
i Q

P T
PU®S WD O

1921
1953
1952
1949
1051
1551
1952
1949
1953
1e51
1954
1953
1o3e
1519
1654
1955
1948
1953
1952
1921
1951
1950
1921
1952
1944
1948
1950
1952
1922
lQﬁT
1952
1873
1952
1947
1953
1948
1924
1954
yer2
1592
1922
1957
1021
1519
1953
1910
1552
1918
1936
1954

1958
1963
1957
1662
1=66
19¢8
1962
1962
1959
1762
1358
1967
1954
1967
155¢%
19¢4
1965
1950
1658
1258
1962
1960
19E5
1957
1€53
1966
19¢e2
1957
1957
1e59
1957
1961
1958
1953
1958
1364
1968
1959
1957
1960
1956
1959
1954
1558
1960
1562
1259
1957
1967
19461

IESTDURAL

=41.0
-108.0
72.0
~4.8
=Tb
~5.7
-3.6
-3.0
=2£7.0
21.4
36.0
4.4
T2
58.9
103.0
6.6
1.0
1.7
36.0
-703
18.0
9.9
28.9
36.0
108.0
-10.8
5.0

72.0-

-9.5
"501
21.56
~5.5
180.0
248.8
72.0
3.2
-7T.1
144.0

L&ST

1567
1950
1968
1869

1967 -

19¢9
1955
1969
1966
1967
1967
1¢¢R
1968
1567
1569
1064
1968
1969
196¢
1268
19¢9
1968
{969
196k
1968
15966
1568
1967
1768
Leee
1969
1967
1958
1568
1960
1968
1969¢
1266
1969
1969
1968
1966
1340
1966
1967
1968
1948
1267
1968
1968

CRROGD SFC ERRMND K93

at.3
52%.0
440.9
25.7
21.0

- 15.4
25.1
12.2
1352.0
171.2
275.2
14.3
18.6
119.1
700.9
21,9
1e.9
13.3
19%5.2
0.8
0.7
51.8
L6.8
225.1
T &04.5
25.9
18.8
440.8
25.7

. 1.9
107.1
2T.4
938.4
140.9
456. 0
14.5
1€, &
“3l.1
8r2.8
17, 4
54.5
R58.2
22.1
122.7
'5905
20.7
44,71
35.3
2246
199,1

97.8
703.5
63,9

33.8

20.9

24,1

4%.3

15.¢&

fesr3d.l
127.1
2.3
14.©

18.6
1@".1
T00.7

27.9

27.5

12.8
223.8

.9
143.5

83.1

81.9
266.0
Sil.4%

27.0

23.9
559.6

1%.9

30.5
i11.0

12.0

1402.1
i59.8
472.0

13.5

?5-6
9rT. 2

1127.9

23.1

65.7
892.4

28.2
147.1
T2.2
25.8
59.3
45.3
19.3
156.7
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STATUS NE NUMREQED WINAF PLANET ESHTME® [NES

HUMSER  NAuE NDTE AQMAn £ortH ’ A PLAMETS | OoCASTTIN®S QESTOUAL LAST CERDR SCr ERGER gM3
151 A3UMNAMTIE 10.% 19a7 JAN 15 2.5922 5 & 5. 1950 1e87 11.5 146" RS, © ap,f”
152 ATALR 9,7 1952 JaN 29 23.1331 5 6 & 1957 1962 -6,5 1369 30,8 L 4T.5
153 MTLNE A.B 1347 J&N 15 3,07%4 5 & 6 1951 1961 13.1 19868 66l 142.6
154 REOTHA R.S 1257 JUM 11 3.1P06 5 6 6 1547 1961 -8.7 1969 26.5 ¢ 4149
155 SFYLLA 12.0 1941 JAM & 2.7596 2 9 & 1BTS 1550 -3.3 1950 17.6 . 2745
156 XLAMTUJOPRE 9.6 1956 NPy 23 2,.728% 2 B 22 19232 135% -23.7 1%6° 5l.6 &4, 6
157 NSJAMIPA 12.4 1956 NOYV 23 2,.5778 ‘2 8 T 1922 1358 -d.7 198 26,1 o 2T.%
158 KIPCHTS 10.T 1947 JAM 15 2,B&77 5 6 & 1949 1960 B.T 1969 44 . b 60.3
159 AFMYL TR 0,4 1957 JUN 11 3.1092 5 ) 5 1251 1265 a,1 1lsee 24.0 . 36.8
160 UMA 10,1 1955 NPy 23 2.T2?78 2 8 14 1921 19558 -8,% 1968 : 23.5 29.5
18 &T4ro 10.3 1942 AUG 29 2.2789 5 & T 1547 19Al 14.~ 196R Tl. & 71.3
162 LAURFHTIA 10.1 1956 NPV 23 3,02¢1 2 8 14 1522 1956 -15.3 1958 37.2 BR-LRY.
163 EQIGONT 10.5 1957 JUM 11 2.3672 5 6 5 1952 1961 46.1 1988 135.9 134.7
164 ©VA a9, R 1957 JUN 11 2.€221 5 [ 5 1948 197 -1.7 1064 11.% 13.6
165 LCOELEY 8.8 1951 NEC 20 3.1782 2 8 16 1920 1956 28.1 1965 62.9 7.1
166 OHANNPF 10.8 1957 JUN 11 2.4858 5 6 & 1©50 1964 ~7T.7 1964 oo2LT Poz2e.0
167 Jmpe 10.7 1984 SE© 15 2.9%523 2 B 10 1925 1956 18.70 1968 b b ' 59,6
1468 . SIRYLLA 9.2 1948 JUL 28 3.3780 5 6 8 1951 1903 9,R 1989 45,5 78.5
169 ZIFLIA 10.6 1962 NET 2 2.3574 ] 6 9 195} iGSe3 2.6 1969 12.1 © 12.0
170 MARTA 10.7 1951 DFC 20 2.5539 5 6 5 1948 1956 2196.0 1969 1494.3 "1£82.9
17t OPHELTA . 9.8 1957 JUN 11 3.133%% 5 [ 9 1951 1382 ~1.0 1969 14. 0 2l.7
172 PRAUCTS 9.6 19456 JUN 29 2.3794 5 6 L1 1947 1962 -7.2 1986 35.3 35.3
173 1NN 9,0 1957 MAD 23 2.T7473 2 A 25 1930 "19%9 -~5.0 1968 17.0 21.5
174 DHAEDRA 8,6 1951 DES 20 2.R576 5 & & 1953 958 10R.D 1969 6€78.3 9]13.2
175 . ANDECMACHE : 10.0 1947 JAN 15 3,2286 S & 6 1941 1959 2T.6 1969 - 108.1 C 1Th.6
176 IDUNA 0,5 1951 DFE 20 3.1681 5 5 6 1945 1954 10.8 1%&6 Y 3 - 73,2
177 1a4a 10.6 1933 FER 26 2.7722 2 8 4 1937 1951 -4.0 19F9 27.1 34.80
178 ARSI SANA 13.7 1958 Ny 23 2.4597 2 8 12 1923 1957 1B.6 1969 54,1 ' LT 99 .1
179 XLYTAEMNESTRA @, 1951 NDEC 20 2.9745 5 & § 1252 1958 216.0 1969 1124.5 1609.3
180 SARUMNMA 11.5 1956 NOY 23 2.7232 2 B 11 1925 1959 -B.2 1966 22.9 28.6
181 FUCHARIS 9.0 1947 J&N 15 3.1713 5 & 7 1952 1959 ~10.2 1969 9. 1 ©106.3
192 FELSA 10.0 1956 MOV 23 2.4163 2 8 14 1921 1958 28.2 1969 61. 4 ) 63.0
183 TSTRIA : 11.0 1968 MaAY 24 2.7908 2 .| 8 1927 1S56R -2.5  .1968 - 8.1 : 10.5
184 DZJNPEJA 9.5 1957 JUN 11 3.1753 5 6 8 1938 1963 -1,3 1969 22.2 35.0
185 EUMIKE BeS 1941 JAM & 2.7372 2 8 0 -0 -0 1.8 1966 247.6 AT
186 IZELUTA 10e% 1525 JEN 1 2.3820 5 6 7 1926 1955 - 450.0 1969 1445.6 1427.0
187 LAMRFRRTA 9.6 1969 FEA 14 2.7 342 2 8 15 1941 1968 -5.9 1966 13.8 17.4
188 MEMTPPF 17.4 1951 DEC 20 2.7625 5 () 4 1957 1957 10.R 1966 73.6 95.1
189 P©OHTHTA 10.4 1951 DEC 20 2.4501 5 [ & 1954 1°58@ 21l.6 196% 171.5 - 1BC.3
190 ISMENF A.6 1957 Junv 11 3.9526 5 & B 1%32 j959 -T.2 1969 20.5 41,8
191 KMLGA ) 10.0 1951 DEC 20 2.%936 2 8 26 1902 19s1- 14.3 196° 32,8 45,1
192 NAUSTRAA 8.t 1941 JAN & 2.5025 2 & 7 1942 1955 79.3 1969 330.0 335.4
193 AMAPNSTA : 11.0 1955 NNV 23 2.5992 2 A 13 1916 1957 -31.8 1980 180.1 0P .7
194 PONKME 8.9 1962 DEC 2 2.6163 5 6 10 1952 1968 4.8 1969 - 16,3 16.7
195 FURYWLETA 10.3 1941 J2N & Z2.8A07 2 ) 7T 1940 1958 -4,3 19¢% 2%.0 34,1
196 PHILOMELA Y. 1962 NEC 2 3.mnezr 5 [ 9 19%3 1964 -5.9 1989 18.7 .  2B.7
197 AQFTE 10.9 1956 NOV 23 2.T386 2 R 1% 1914 1957 -24,1 1948 52.3 65.9°
198 AVPFLLA 9,7 1951 DECL 20 2.45%4 5 ) 5 1952 1957 21.6 16s8P 135.1 , 147.1
199 S8YBLIS 10.0 1962 DEC 2 3.1716 5 & .5 1945 1958 -6.2 1967 21.5% 33.9
200 DYNAMEME 9.4 1956 NOV 23 2.7375 2 A 21 1920 19%% -7T8.F 1969 152.9 ° 192.hA
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STATUS "F NUMREE=D MINOR CLAMET EPHFYFAINFS

1951
1957
1951
1951
19%%
1981
1957
1947
1942
1956
1957
1957
1957
1e62
1964
19313
1957
1951
1951
1947
1947
1951
1957
1951
1957
1956
1951
1957
1962
19654
1962
1951
1956
1950
1957
1957
1931
1957
1957
1951
1939
1957
1947
Le&2
1957
1951
104~
1952
1952
1948

EPMTH

NEr
JUN
DEC
DEC
nNry
DECr
JUN
JAN
suUs
Ny
JUN
JIN
JUN
NE
SED
ALG
JUN
nEc
DEZ
DEC
JAN
DEC
JUN
DEC
JUN
MNCY
DEr
JUN
DEC
JUuN
DEC
DEC
NV
JAN
Juv
JUN
SAN
JUN
JUN
DEC
DEC
JUN
RELY
OFC
JuN
DFC
JAN
DEC
DEC
JUuL

8

2.+7P1
3.0721
2.7382
2.56711
2.7764
2.7408
2.2842
2.8919
3. 1587
2.7222
32.03095
3.1202
2.7522
2.6115
2.7656
2.7929
2.8713
2.6655
2.354]
2.3493
3.071135
3.1469
2.0931
2.6446
. 3475
2.7153
3. 1349

2.20%2

3.39R86
?2.18285
2.9215
2.5523
2.6603
2.3853%
2.8809
2.7982
2 TRZ2T
2.9065
2.5658
3.0481
2+ 8651
2.8608
2.1748
3.1009
2.6951
2.7402
2.4T17
2.3777
3.1403
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NAPNSTTYOMS

1252
1953
1954
1952
1925
1952
1948
1950
1546
1935
1¢52
1952
1953
1948
1942

-0
1948
1953
1952
1932
1947
1899
1931
1983
1946
is2l
1940
1944
1830
1941
1942
1953
1921
1948
1956
1653
1939
1551
1249
1953
it 8R4
1954
1952
1942
1951
1952
1950
1940
1950
1952

1958
1259
1258
1958
1257
1¢58
1962
1961
19561
1959
1960
1961
1958
19684
1964

-0
1953
1953
1959
1966
1562
1661
1953
1859
1955
1557
1953
1959
12413
1966
1965
1958
1958
1955
1560
1959
1961
195612
1356
1258
1%¢4
1951
1957
1963
1964
1957
1960
1963
1262
1962

FESTCUSBL

3540
-2 .4
36.0
144.0
15.0
90.0
4.5
-30.3
21.2
-5.8
5.3
60.2
-3.’9
2.0
-4.°
20')
22.1
-180,0
360.0
-&6.0
30.5
178.2
6.5
36.0
1.2
4.7
14540
3.0
5.1
T.0
Sal
270.0
i8.6
270.0
-10.7

T2.0
10.7
-38.3
-4803
4.5
T.5
3b6.0
14.1
6.0

14.6

1946
1958
19460
1967
1967
1968
1969
1969
1969
1969
1069
1565
1969
1966
1969
1966
1968
1957
1946
1968
1264
1968
19&6
1969
19¢&5
1666
1947
Le67
1968
1967
1266
1966
1967
1os0
1968
1969
1968
19&9
1966
1966
1969
196
1966
iqg@
1969
1964
1969
1967
194¢
1969

EPRPE SEF ERACR K™3])

195.0
15.5
278,09
753.0
16.9
4T>. 9
10.0
133, 7
91,2
19.3
22.7
172,.9
4h4o 1
1.6
14.2
333.6
126.3
1125.0
1706.9
16.%
1071
107.2
22.3
201.1
10.6
16.5
446.1
15.5
12.5
17.3
14,9
1683.3
42.9
1084.9
46.7
49,6
51.1
17.4
87.9
455.4
20,0
132.8
376.9
21.4
3.4
225.0
70.6
17.6
25.2
71.8

237.2
?73.3
351.3
912.0
4£7.5
597.9
1&.8
1A3,3
142.6
2401
33.5
267.2
56.0
13.3
18.2
£33.5
171.3
1358.1
1675.3
16.0
156.3
478.0
33.8
239, 7
18,0
20.5
681.3
13.5
21.7
17.3
20.6
1893.8
51.4
1091.3
63.0
645
65.3
24,1
125.3
542.9
43.1
t7a.5
509,12
I1r.13
A5.7
27644
89.1
18,7
25.1
111.5
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STATUS NFYNUMASRED “TNIY DLEMET CRHEMEETNES

MIMRED  MAMF MOTE ARMATR EPTEH A PLANETS nopPOSITINNS PESINLAL  LAST C0EMR SEF ERRCP KMZ
251 SNoMt1p 11.3 1967 DEC 2 3.0956 5 6 4 1949 1956 -1.5 1966 - 11.1 C1b.9
252 SLEMENTINA 10.6 1956 NOW 23 23,1544 2. 8 15 1922 1°tp 40,3 196% RI.O i rA-Firy
253 MATHILNE 11.5 1951 NET 20 2.4474 5 & & 1951 1957 144.0 1963 729.1 "873.5
2564  AUGLSTA 13.72 1957 JuUN 11 2.19%59 5 & 4 1651 1961 -5.7 1983 73.2 2041
255 NopAVIA ‘ 11.5 1757 JuN 11 2.7462 S E 4 1951 1756 -€.8 1569 39,8 . 5n.3
256 WALPUPRA 11.1 1965 JUN 29 2.9995 2 8 8 1935 1966 7.5 1986 17.4 ?5.3
25T SILESI® 10.2 1957 JuM 11 3.1217 5 [ 9 1238 192 4.5 1988 15.3 © 23,5
258 TYCpHE 9.6 1951 ODEZ 20 2.4143 5 6 5 16531 1959 360.0 19469 1929.1 2257.1
?59 ALETHETA 9.7 1957 JUN 11 3.1357 5 6 8 19/ 1959 S«% 1969 2l.4 33,1
260 HUPERTA 0.4 1547 JAN 15 3.4499 5 5 & 1250 1958 26.6 1969 142.0 252.1
261 PoyMMn 10.6 1964 SEFP 22 2.3309 2 B 13 193& 19564 5.6 1947 LS8 15.1
262 VALDA 12.8 1955 Noy 23 2,.5%5%3 2 A & 1924 1957 6.3 1961% 20.2 22.7
263 DRESDA 11.7 1956 NNy 23 2.88B4% 2 8 13 1523 1958 6.3 1989 19.3 - 2644
264 LYRUSSA 13.0 1942 DEn 2 2.799) 5 6 T 1947 1961 -7.7 1969 23.2 30.3
265 AMME o 12,2 1932 fe9 5 2.4204 1e67? 100.0 . 308.° ESTIMATED
266 LLIME 9.6 1947 JAN 15 2.8024 5 6 4 1949 1982 -6.3 1967 2.7 82,1
267 TIRZA - 12.1 1947 JEN 15 2.T742 5 ) 5 1951 196l 1.9 1966 17.9 23.0
248 A0NEER 9.6 1947 AN 15 3,0950 5 & 8 1951 19¢3 22.7 1988 98,3 ' 169, 3
269 JUSTITIA ‘ 11.3 1951 DEC 20 2.A.&1 ] 6 & 1940 1559 180.0 19&7 &£21.1 . 127.5
270 AMAYTI TR 10.1 1957 JUN 11 2.1983 5 & B 1952 1962 4.2 1968 1¢. 2 “16.7
271 DENTHESTLEA 11.0 1962 DEC 2 3.0081 5, 6 T 1941 1560 ~1.5 1968 8.7 12.6
272 ANTONIA ) 11.8 1962 DEC 2 2.7779 5 6 9 1948 (964 7.4 1969 20,5 " - 28.%
273 AYOTPDS ‘ 11.6 1957 JuM 11 2.3949 5 6 4 1952 1950 20.1 1966 68.1 ! &6B.8
274 PHILAANRTA 11.3 19567 FER 19 3.04R6 2 8 12 1935 19567 7.2 1948 16.0 23.7
275 SAPTENTIA . 10.0 1949 JAM & 2.7739 5 & 5 1c40 1080 -2.9 15969% 19.9 25.6
276 ADFLHEID 9.& 1951 DFEC 20 3.1192 5 5 5 1943 1951 2t6.0 1967 - 869,3 1381.3
277 ELVIPR 11.2 1951 DEC 20 2.8872 5 5 & 1947 1953 -1R0.0 19568 848,86 1160.8
278 PAULTNA 10.7 1529 MaAY 9 . 2.7%456 2 8 7 1929 1957 -5.6 1949 32.1 L &0.9
279 THULE 9.8 1943 SEP 16 4.7BzZ9 ‘ 1968 " 300.0 + Tl3.B8 ESTIMATED
280 PHILTA 12.0 1969 AUS 12 2.95444 2 8 & 1948 1968 7.1 1968 . 15.9 224 '
2AY LUCPFTTA ‘ 12.9 1957 JUN 11 2.187s 5 6 S 1948 1962 8.7 1965 - 27.6 : 23,8
2RA7? TFLPEINDE 12.0 196 MAR 25  2.339& 2 3 9 1950 1968 5.9 1968 14.5 10.2
2R3 EMMA £,5 1947 JAN 15 3,7422 5 & * 1e50 1760 -19.2 19569 87.7 129.9
284 BVALYS 1l.6 1966 NCT 22  2.357% 2 e B8 1940 1986 T.9 1949 18.7 L 18.4
289 PEGINS 1t.9 1938 AU5 30 3.0838 2 8 4 1889 1954 4.1 194% 1c. 2 . 28.9
286 TCLFA 0.4 1957 JUN 11 3.1914 S & 6 1951 19548 ~T.1 1969 32.0 50.8
287 NEEHTHYS 9.5 1941 JMN 6 2.3%541 2 a ] -0 -0 1.5 1967 209.5% 205.6
28R  GLAUKF 11.0 1956 NW 23 2.7612 2 A 22 1216 1996 15.7 1c¢68 36.3 46.3
289 NEMETTA 10.8 1957 JuM 11 2.B724 5 & 4 19%1 1940 -17.4 1968 5T.2 CTT.T
290. APUNA 13,2 1963 MAT 12  2.3365 2 8 6 1915 1942 «T7.2 1960 25.0 24,2
291 ALITE 12.8 1957 JUN 11 2.2220 5 6 6 1949 1950 4.1 19654 19.1 15.9
292 LUnnvICS 1.0 1959 FgR 1 2.5298 2 8 10 1918 1959 -7.7 1948 21.0 . 23.3
293 9EASILIA 11.0 1956 NNV 23 2.R616 2 f B 15182 1958 5.8 1c48 te.0 . 24.3
794 FELICIA . 11.1 1940 AUG 1 3.1%94 . 1968 300.0 469,.5 ESTIMATED
295 THERESTA 1186 1957 JUMN 1Y 2.7970 5 6 4 1951 1959 6.9 1969 20,6 37.3
208 PDHAFTUSA 13.6 1°%7 JUN 11 2.2288 5 s & 1932 19560 6.9 1967 21.5 Co19.2
797 CASCTLIRA 10.4 1962 NEC 2 3.1742 5 6 10 1948 1964 -3.5 1968 12.3 19.4
2953 RAPTISTINA 12.5 1957 JUN 11 2.25638 5 6 & 194R 1961 -3.0 . 19&R 15.3 1.0
299 THNPRA 13,1 1951 DEC 20 2.4337 5 .} 5 1949 1958 180.0 1969 669.6 695,.8
300 GFRELDINA 10.6 1935 JuL 17 3.2096 2 8 25 1890 1964 -5.60 1968 22.1 ~ 35,3
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MM ER

301
302
ng
304
305
106
307
308
309
310
211
itz
1%
314
315
316
-
318
319
320
121
322
323
124
325
326
32~
328
329
130
331
33z
333
334
335
336
337
314
339
340
141
342
343
344
3145
34t
147
348
149
350

NAVE

Bavarta
CLIPISSA
JREFPHRTHA
LA
GOARNOMNT A

UNITES

NTKFE
priyxn
FRATECNMITAS
MAGGADTTA
CLaunTe
PIFDRETTA
CHALNAESA
INSLLTA
COMSTAMTIA
3TREBTA
POXANE
MATDALEMA
LErMA
KATHAR TMA
FLMPEMTINS
PHEFN
RPUC T A
RAMRBEF 04
HEIDELRE®PGA
TAMAR A
CDLUMRY S
SUDT UM
SVYFA
ANALBERTA
ETHERPINGEA
SIPY
BADEMIA
THICAGD
ENPpERT R
LACADIERA
DEVMSA
RUNP NS A |
DnmnTHEA
EDUZP DA
CALYFPRNTA
ENDIYM INN
NSTLPA
DESTDFTATA
TERTTDTNA
HEPMEMTARTA
PAPTANA
MAY
DEMACrWSKA
ORNAMENTA

MOTE prmag

1.4
12.3
0.0
11.0
10.3
10.2
ll.o

9.1
11.5
1.7
11.2
10‘3

5.7
11.2
13.9
11.0
il.2
10.4
11.4
1.7
11.4
10.4
11.%

a.l
10.1
10.1
11.4
1¢.0
10,7
13.5
10.4
10.8
13.5

8.6
lolo
11.0
10.0

903

10.5

11.1
12.6
11.2
12.7

ql3
10.1

9.1
10.2
10.8

T.2
10.0

STATHS AFSMUMREFED MINOG P ANET EOHEMED TOFS

o5y
1951
1947
1262
1947

+ 1962

1947
1947
1962
1955
1957
19517
1957
1962
1962
1957
1957
1947
1962
1957
1951
1930
1967
1951
1947
1957
1951
1947
1957
1892
1947
1949
1967
1947
1957
1957
1965
1959
1947
1951
1957
1951
1951
1962
1957
1962
1962
1947
1947
1947

EPNCH

nEC
DET
JAN
nEc
JAN
neg
JAN
JIN
NEC
NPV
JUN
JUM
JUN
nFC
ner
JUN
JUH
JEN
DEC
JUN
nEC
MRR
MRY
nEr
JAN
JUN
DEZ
JEN
JUN
MA®D
JAN
DES
SN
JEN
JUN
JUN
JuL
FEB
JAN
nec
JUN
NEC
NEC
DEC
JUN
DEC
pec
JAN
JAN
JAN-

20
20
15

15

15
15

22
11
11
11

11
1i
15

11
20

o
20
15
11

15
11
21
15
30
15
15
11

11
1o

15
20
11
20
20

11
15

15
15

A

2.7248
2. 40860
3.1248
2.4030
3.0964%
2.3581
2-9136
2.7491
2.6641
2.T&831
2.8980
2.7809
2.3759
3.1476
2.2411
3.1659
2. 2B6F
3.7n0s
3.376R
3.0157
2.8855
2.1799
2.3820
2.6815
l.i897
2.3180
2.7761
3.1107
2.%4755
2.0893
3.02%1
2.7718
3.1284
3.8854
2 4729
2.2518
2.3834
Z2.2116
3.0087
2. T488
2.1993
2.5675
2.4108
25964%
2.32%2
2.7953
246115
2+9682
2.9244
3.1097

PLAMETS
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nesrsIT IrKS

1e21
1958
1952
1e@37
1948
193t
1949
1956
1930
1913
1954
1938
1950
194]
1928
19418
1949
1948
1938
1949
1950
1948
1946
1153
1928
1950
1942
1953
194A

1951
1221
1951
1as50
1955
1952
1936
1914
1948
1954
1941
1752
1951
1930
1949
10547
1247
1950
1955
1950

1055
1961
1960
1963
1960
1956
1956
1561}
1961
1957
1959
15560
1956
1e52
1955
1959
1963
1960
1260
1924
1958
i95¢9
1967
195¢
1955
1960
1953
1963
1956

1961
1957
1961
1960
1961
1963
1965
1959
i960
1960
1960
1958
1959
1953
1961
1966
1964
1958
1962
1952

EESTOULL

14.9
180.0

| I |
L I |
[ PR RN - R R

J
P 5 8 2 8 3 e a b e o

LAeT

1066
1968
19¢8
1963
1948
1968
1968
i976%
1966
1968
1£69
1964
1970
Lae?
1968
1063
1967
{969
1264
1969
1969
1969
1967
1969
1959
1967
1968
1982

1es7 -
1892%

1966
1968
1969
[263
196%
19¢&2
1969
1969
L96PR
1969
1969
1966
1569
1968
1969
1947
La68
1967
1969
1968

EF2CR CI{ FREMA KM}

32,5
1233.58
32.%
13.4
63,5
395, 1
91.1
69.0
15. 9
46.1
3.0
15.1
16,2
31.5
199.9
47,5
10.4
22.5
19.3
8.3
66a. 2
184.2
15.8
o2,
26,9
17.4
244,14
201:0
11.5
640030.0
48,7
175.9
154.1%
28.8
22.0
13.1
15.9
17%.0

22,7

1493.9
15.9
753.2
2831.1
16.6
23.7
13.2
20.7
31.6
94,5
59‘6

&R,
1257.2
50@0
13.6
5641
3°R, 9
126.%
87.4
19.2
S8.9
45,4
19,4
1tel
49.1
179.8
T4.b
9.7
37.7
33,2
12.2
90.5
237.6
15.8
478, 9
“2,7
16,7
3167
30.5
12.3
505293,3
Ti.4
225.9
237.7
50,2
24.6
11,9
15.9
262.5
49,1
1893.5
13.8
85%5.8
2094 ,5
ln.z
22.7
17.2
24.1
45.!
131.8
91.1

LASY

E¥605v0-OSIN'T
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MyMo =G

351
152
353
354
155
356
57
is8
3159
360
161
162
31463
364
365
166
3167
268
369
370
371
3172
373
3T
3715
376
177
178
179
30
3a)
182
ELE
184
1as
336
387
188
389
390
391
192
393
194
395
196
197
194
399
400

MAME

YRSA
S1SFLS
FUPEGTO-CARNLA
ELECMPEA
SABFTYELLA
LTRURTA
HTNTMNA
EDLLNMTA
nENCCIA
TARLNVE
BANCNTA
HAYMTA
PADIA

LY. 1N
IMNENURA
VINCENTINA
RUICTTTA
HATOFA
AEPTA
MNNE STTA
HHHFM[A
PALMA
MELUISTNG
gueurDTA
URSLILA
GENMETRYA
SAMDANMTA
HALMIA
HUEMMA
FIMtrta
MYRPHA
nlalpzalar |
JAMTNA
AYFNTAALS
TLMETAC
CYEGEMA
QU] TANTA
CHATYRDIS
T™nysTeIA
ALWA
INGERNARG
WILHFLMINS
L AMPETTA
AROLTNA
NEL 18
AFDLTA
VTEMNA
ADMETE
PERSEPHNNF
DHCEOSA

MOTE BBMAG

10.3
i1.6

12.3

7.6
t1.6
9.1
9.5
10.3
10.5
9.6
9.6
9.9
10.1
1.1
10.4
g.a
12.1
11.1
9.6
1.7
10.0
8.5
10.3
10.0
Bad
10.8
9.9
it.1
10.1
10.5
9.6
9.8
1.9
10.7
8.9
P4
q‘o
9,4
9.3
11.5
12.3
1n.6
9.2
10.9
1.5
11.2
10.3
12.0
10 .6
1t.4

STATUS OF NUMSFEED MINDG DLANET EORFMEATNESC

TEPDCH

1940
1951
193¢0
1962
1942
1951
1957
1955
1951
1949
1957
1951
1962
1957
1951
1967
1957
1956
1951
1957
1957
1957
1947
1951
1957
1957
1951
1957
1947
1951
1951
1951
1962
1962
1957
1957
1951
1957
1951
1951
1937
L1925
1942
1549
19586
1956
1962
1951
1951
1957

MAY
DEC

JAN

nEC
May
neg
Jum
NOY
DEC
MAR
JUN
DEl
neg
JiN
DFC
JAN
JUN
MOV
DrC
JuN
JUN
Jun
JAN
DE"
JUN
JUN
DEC
JUN
JAN
DEC
DEZ
DEC
DEC
DEC

JUN

JUN
DEC
JUN
DEC
DEC

JUN

JAN
JAN
orT
MY
NCY
AUG
pEC
DEC
JUN

A

2.7652
2.1943
2.7354
2.795¢4
2.5396
2.7576
3.1440
2.8803
2.7300
3.0004
3.9333
2.5188
2.7463
2.2204
2.8018
3.1422
2.2196
3.0798
2.6484
2.3244
2.1272
3.1603
3.1252
2.7800
3.1363
2.2R82
2.6901
2.7757
3.1454
2.6788
3.2003
31.1298
3,1260
2.6516
2.8451
2.8955
2.7384
3.0001
2.6085
2.6518
2.3197
2.8847
2.7808
2.7620
2.7978
2.7423
2.6355
2.7361
3.0593
3.,1299

PLAVETS
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Qe pasSTYIaps

1949
1952
1220
1647
1R33
153
1949

1952
1934
1932
1952
1922
1950
1921
1955
1949
1521
1952
1939
1951
195%
1950
1944
1938
1947
1942
1951
1952
1952
1948
1956
te36
1931
1952
1953
126
1534P
1953
1251
1932
19313
1921

1926
1925
1935
1930
1938
1938

1922

1961
1950
1952
1965
1°eQ
1959
I9ez
los7
19¢€1
1961
1959
1929
1964
1963
1958
1962
1959
1258
1954
19590
1951
1960
1269
1953

1963

1962
1951
1957
1959
1957
1993
1962
1961
1965
1962
1959
1954
1964
1958
1960
1964
1255
1957

1957
1959
1962
1957
1956
1961

FESIDUAL

4.8
72.0
-B.3
3.0
~6.3
2.0
3.6
=11.4%
G0.0
6.3
3.9
ELM
~6.5
~6.9
l4.4
12.7
~6.3
-18.,2
180.0
2.7

2.3

[] - W}
L I Y [ ] [ ] - [ ] . -
QO FPFOOR OO

DRI

S
[ ]

w !
o e
L

450.0

o
-
+

~B.R
11.1

15.7
~6.3
"6-8
96.1
180.0
T.5

LrST

1965
1969
1968
1566

1266 -

1969
1969
1969
1946
19689
1968
1969
1667
1947
1968
1968
1966
1569
1967
1967
1966
1969
1968
1967
1965
1966
1968
12966
199G
1967
1969
1949
196%
1968
1967
1968
1948
1969
1968
1962
1957
1964
1968
1569
1968
1966
1962
1969
1968
1969

ERROF SEC FPECE KW3

35.6
349,18
15,7
11.3
23,5
3192.8
15.0
29.4
368.9
214
13.9
178.9
17.1
2.6
3‘. 1
86.0
25.9
4l.%
935.0
13. 6
39,1
41.9
43,3
140.9
13.2
27.0
1422.8
l-". 5
25.1

. .225.0
1563.4
65.4
a4
1.1
22.6
15.7
155.5
12.8
232.3
1752.,0
22.7
51.1
12.6
300.0.
18.8
19.3
18.7
208.2
438.4
20.8

55,5
202.19
44,9
1447
2ba 4
S00.4
,23.2
40,0
b62.5
S 31.0
i 2945
204.7
21.6
$20.%9
48,5
133-&
62.4
1121.9
1341
49,0
6%.6
66.6
181.¢
. 20.5
. 2542
1742.9
D 2245
‘39,1
273.p
2693, 3
"101.0
14.6
19.2
30.2
21.6
I=5.9
13.6
270.9
2136.0
21.7
69.8
472.1
383.,1
80,2
2444
22.1
262.0
654.3
2.1

ESTIMATED

£¥602vd-DSIN'T
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MUMaED

401
402

4013.

&N
405
406
an?
408
%09
410
a11
412
413
414
415
416
417
418
419
420
421
422
- 623
524
425
426
%27
428
429
430
431
%32
4313
434
435

%36

427
4348
430
440
441
442
443
L
LE5
446
447
448
449
450

MAME

DTYTLTA
THLNF
CYarg.
ACSYNDF
THI
FRMA
BapCHnE
FAM?
AsSPesta
CHLrPTS
IA'\’TH:
ELISARFTHA
EDRDIP (LA
LIRICEF
PALAYTA
VATICAM2
SUEvIg
ALEMANNT A
AT FEL TA
BERPTHALNA
IAMC IR
RERCLINE
DICTINMA
GRATTA
FOPNELTA
HIPPN
SALEME
MONFCHT A
Leves
HyRe?tg
NEPHELF
DYTHIA
Eons
HINCAPTA
FLLA
PATEICIA
RHODT &
Isyxn
oHID
THEPD,RA
PATHILDE

EICHSFELDIA
PHOTPGRAPHICA

GYOTIS

£ ONg
AETERMITAS
VALFNTTNE
NAT2LIF
HAMRBUR{A
ROIGITTA

MOTF APMAG

10.2
10.0
10.3

.
3

—
el =R k== . ¥. ¥ - PR, B}
S 2 % 92 3 8 3 4 o g @

— =
NOOODEORWIIOT 00 0~ o
[]
R R

-
Or-ﬂ!d-o-ﬂﬂ'mtn01ﬂ¢:$‘9tn~d¢

-ty

4« & & & 4 B R 4 oa b g *

g
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-

P -
QO e
[

12.4
12.1
11.3
I1.1
L1.6&
10.6
10.7
iz.o9

a8
11.2
11.6

9.4
10.2
10.0
12.4
11.0
10,7
11.3

STATUS TF BYMBRECED MIMIL OLENET CPpiurrInes

1962
1951
1949
1961
1951
1962
1951
1982
1936
1959
1952
1931
1762
19562
19640
1769
1947
1951

1951
1942
1955
1957
1947
1951
1947
Las2
1957
1962
1951
1551
1251
1951
1941

1957
1942
1962
1962
1951

1551
1964
1062
1951
1°¢6
1957
1957
1953
los?
1945
1948
1962

EPPCY

DEC
DEC
sep
neg
DEC
DEC
OFEC
OET.
AP2
FER
DEC
MY
DET
NEC
JAN
JAN
JAN
DEFr
DFZ

DEC
MmNy
JUN
JBAN
DEC
JaN
DEC
JUM
DELC
OEC
DEC
OFEC
DEC
JaM
JUN
FER
NEC
DEC
DEC
DET

NOV
0EZ
DFC
AUG
JUN
JAN
JAN
JUN
DEC
MAR
DEC

A

3. 3366
2,555
2.r008
2.591%
2.5831
2.9192
2.6239
23,1650
2.9749
2.7261
2.9363
2.TE18
2.5841
3.5072
2.7869
2.7RB7
2.7998
2.5923
2.59%55%
3.4212
2.537&
2.2278
31.06861
2. 7743
2.RB&2
Z2.BBT2
2.9777
2.3075
2.6074%
2.8634
3.1312
2.3713
1.45@1
1.9443
2o}
3.1l
2.3864
2.5543
3.1304
2.2109
2. BOS0D
2.3455
2.2156
2.7694
3.,1786
2.7RE69
2.9854
3,1355
2+5541

3.0137

PLANETS
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1932
1949
1e28
1950
1959
1933
1953
1933

-0
1919
1823
1%4R
1729
1949
1941
1948
1952
1954
1954
1248
{904
19414
1354
1948
1753
154
1951
1232
t 954
194D
1943
1953
1326
1938
1898
1946
19%0
1953
1937
1941
1939
1953
1942
1953
1950
1899
1054
1927
1948
1951

1963
1958
1953
1958
1959
1965
1958
1665

-0
1959
1956
1962
1965
1960
1951
1958
10482
1558
1959
1965
1957
1962
19861
1954
1962
1766
1964
1065
1958
ias7
1954
1961
1965
19563
1966
1960
198%
1953
1952
1965
1966
1958
1966
1959
1961
1963
1960
1954
1960
1956

TESTOULM

6.9

0.0

t
N.} P oo
NP SO O oy
4 ¢ & ® p ¢

TPLOCOMP WS OO o

o
&
»

90-0
72.0
i80.0
-l.2
8.3
fo9
LT
-2 «3
10R.0
=-36.0
9.9
~4 .7
324.0

LESTY

1969
10&5
1o6h
1966
1567
1969
19¢9
1060
1969
1945
1969
1968
1960
1564
1968
1967
1968
196
1967
1945
19694
1968
1264
1969
1969
1969
1969
1940
1957
1966
1068
1969
196R
1968
1966
1969
1968
1969
1964
1969
1968
1c69
1866
1969
1969
L9569
1969
1969
1968
1969

EPRCD SEC FRFPR kM3

17,6
4£17%,1
211.2
110.0
349,2

i11.7

52,7

12.1
146.7

3%.2

2€.3

44.5

12.7
242.3
524.6

14.6

21.6
279, 2

2313.2

17.%

63,9

26,2

669

ilee.n
118.7

13.8

23.3

20.0

1629.1
235,17
237.4
797.2

2¢. 0

24.9

23.3

17.7

11.0
£78.9
111.5

23.7

13.8

2018.¢6

17.9
264,11

62.1

23.3

29.9
245.9

19.3

21.0

29,9
456.9
277.0
126.9
%00.7

16.3

63 93

19.9
170.9

468

38 .9

56.8

15.7
440.4
679.5

19.0

28.2
322.2

2675.0

30.5
T1.2
23.3
¢8.8
1523.7
162.3
18,9
33,5
i<.8
1898.0
301.6
A66. T
792 .4
fu
I7.1
24.4%
28,2

- 1t.1
T64. 8
172.1
20.P
18.1
196B.¢
15.8
338.7
Qe.C
30.2
3,1
JR0. 6
21.7
3.4
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Mpumocp

551
452
45%
454
455
456
457
. 4%8
459
460
£61
462
463
464
465
466
L&7
468
469
&70
471
472
473
474
4”5
476
477
478
%79
480
LY}
4R2
4823
484
485
486
487
488
489
490
491
492
493
694
495
496
497
498
499
500

NAME

PATYEMTY R
HAMYLTOM A
TES
MATHESTS
APULC WS AL TA
ARNORL
ALLEGHENTA

"HERC YMTA

SIGME
SCAMTA
CASKTA
ECTYOMYLA
LrLt

weESE TR
ALEKTN
TI5T PRANE
LAURA
LIMA
FTeGFNTINA
KTLTA
PAPAGENS
DMB
NILLTY

-PRUNENTYA

orLLo
HENNYG
ITAL TS
TERPGESTE
TADREG A
HANE A
EMTTA
PTTE TMA
SFPRINE

PITTSRUOGHTA

GENUA
CREMOMA
VEMETTA
KRFSE
CAMAL TMA
YyEPTY AL
CAPTNA
GISMMNDA
~RISFLPIS
VIFTUS
FULALYA
ROYFPHTA
TVa
TOKTN
VENUST2
SELINUP

MOTE ARMAR

. f.3
E 13.4
12.0
10.1
10.0
11.0
13.0
10.6
11.9
12.0
11.6
10.78
12.9
10. 4
i1.0
9.2
12.1
10.6
10.0
11.5
T.9
0.6
L 11.2
11.9
12.4
9.8
11.5
8.9
11.0
10.0
9.8
10.1
G.7

11.5.

9.7
12.3
0-6
9.0
©.8
2,5
10.0
11.0
il.8
10.1
il.6
13.0
10.7
10.0
10.2
10.6

STATUS AP NUMRETED

1947
1909
1965
1051
1951
1951
1934
1947
1947

1951

1951
1as2
1962
1947
1962
1957
1752
1957
1957
1951
1951
1951
1901}
1962
1968
1962
1957
1957
1951
1951
1956
1962
1962
1951
1956
1267
1951
1957
1957

- 1082

1967
1042
1751
1957
1957
1969
1960
1962
1948
1651

EPOCY

J&N
JAN
MY
DEC
DEC
DEC
crr
JEN
DEC
0EC
DEC
nEZ
DFEr
JEN
DEC
JUM
JUL
JUN
Jum
DEC
DEC
NEC
FESR
DEC
ocrY
DEC
JUN
JUN
DEC
DEC
NOV
119
BEC
DEr
NDY
MEY
DEC
JUN
JUN
DEC
DEC
nEe
NEC
JUN
JUN
Ace
J&N
DEC
SEP
DEC

#

3.0606
2.8652
2.1827
2.6272
2.6589
2.7833
3, 0897
2.989¢
2.620H
Z.T186
3.1163
2.8722
2.1678
2.8021
31.0981
3.,1753
245458
3.1520
3.1525
2.4046
2.BaT2
2.5420
2.9792
2.4547
2.5946
2.6487
2.4155
31,0134
2.7212
2+ 448
2.7431
2.9954
3.4288
2. 7483
2.1523
2.ERSS
3.1477
3.1500
3.1746
3.1953
3.107”
3.1134

©2.9863

2+ 4RTH
2.199)
2.8517
2.6499
3.963%
2.6125

o
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NPECSTITIMNS

1950
1990
1936
1253
1952
1952
1900
19491
1047
1652
1935
1929
1924
1950
1950
1951
1924
1949
1242
1953
1938
1954

1931
1930
1952
1950
1948
1954
1952
1921
1938
1941
1953
1918
1952
1e51]
1950
1939
1939
1941
1933
1943
T 1951
1953
1934
1938
1931
1949
1952

1262
1940
1966
1960
1957

- 1960

1240
1962
1955
195R
1a4g
1963
197
1960
1962
1958
192
1959
1°64
1953
1956
1958

1961
t958
1948
1951
1564
1959
1957
1958
1959
1962
1956
1958
1967
1959
1961
1958
19646
19£3
o066
1960
1959
1961
1969
1e52
1966
1958
1959

RESTOUAM

7.5
144 .0
3R.0
450.0
360.0
0.0

-2,
10.1
2.7
‘103-0
270.0
12.4
"8-3
2.2
360.0
4£2.7
-2.1
=36.0
2.7
9.0
T.2
-"1.4
6.0
180.0
-9.0
-3,8

120.0
6.3
-3
12.0

LEST

1267

1969+
1969
icse

19&¢< .-

1966
1969*
1949
1969
1967
1966
1967
1967
1962
198

‘1965

1569
1966
1266
1969
1965
1966

1501

1968
1968
1968
1968
1969
1968

1967

1969 .
1966
1969
1760
1963
1967
1967
1969
1969
L1964
L2968
196"
1940w
1969
1968
1969
1969
1967
1967
1969

IR, 2
98,1
69.9
2194. 8
21489.0
391.3
28.9
BS, 7
1175.9
380.9
460.9
11. 4
12.4
45.6
1t.0
28.9
5T.4
G.2
28.1
232.8
45,0
549,3
847000,.0
23.2
10.7
10.5
13,5
12.2
700,1
1629.1
30.9
23.2
9.5
3356%.0
86.4%
Bt
231.0
13.5
27.0
18.5
12.7
15.5%
421,2
34,93
15.0
10.4
533.3
16.4
22.1
asb.6

CERTF SEC FORND wM3)

57.1
673.4
60.0
2558.5
2600 .0
505.8
43,7
123,86
1381.3
: §T4.5
~0&. ¢
15.4
12.6
52,5
16.7
%9.8
81.0
14.3
35,2
237.0
67.0
613.9
918091.0
24.%
12.4
12.6
34.3
17.8

S RT3
1942.1
19.0
33.6
16.8
40704
109,5
8.5
243.2
21.1
42.1
29.2
21.8
2.7
oS, 2
50,3
20,5
9.0
715.7
19‘7
47.5
407, 4

LOST
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Ny“MaEP

501
502
593
504
505
506
s0T
508
509
510
511
512
513
514
515
516
sit?
518
519
520

521

522
-523
524
525
526

527

528
529
530
531
532
533
534
535

536

537
538
EEL
540
541
542
543
S44
545
246
547
548
549
550

MAME

JPHTXTDYD
SICUNF

EVEL YN
CARA

SAVA

MART DM
LANDIFA
PRTNCFTONTA
TALBMDG
MARFLLA
Nnavipa

TAUT THENSTS
CENTESTYE
APwip
ATHALLS
AMHERSTIA

FOTTH

MALBWE
SYLVAMTA
FRAM]IT SKA
PRIXTA
HELLD

aAnA
FIDELIP
ENELATDE
JENVA
FUPYANTHF
PEZIR .
PRE7ICSA
TUESNONDTY
1EPL TMA
HESCULTNA
SARA
NASSHYIA
MOMTY AGUE
MERAP]
PRULY
FRIEDFRIKF
PANTNA
RECSAMUNDE
DERNPLH
SUSLHMA
CHAPLRTTE
JETTA
MESTALTNA
HErRPDTIAS
PRAXEDTS
KEESSTOR
JESSANDA
SENTA

NCTE ARMAG -

10.2
12.3
10.3
11.1
10.1
°.8
10.4
9.5
9.8
1t.0
T.1
12.2
10.6
10.3
11.9
9.5
10.5
, 1243
10.3
11.9
10.0
* 10.0
10.7
10.9
13.?
10.9
11.4
9.9
1.1
10.0
12.3
8.0
11.2
11.0
19.5
a4
10.1
10.6
1.t
12,2
11.3
10.3
10.6
11.3
9,5
10.8
10.9
12-6
11.8
10.4

STATUS NF MUMREEED MIMOR PLAMET EPHFVEF]DES

1951
1941
1547
1969
1955
1947
1962
1947
1962
1951
1957
1962
1251
1951
1903
194}
1962
1951
1967
1962
1951
1962
1957
1951
1957
1962
1951
19448
1950
1949
1en4
1935
1357
1962
1951
1947
1951
1951
1951
1957
io51
19562
19656
1951
1957
1951
1956
1928
1962
1951

EPNCY

NET
JuL
J2n
JAH
Ny
JAN
DEC
J&N
DEC
DEC
JUN
DEC
DEC
DEC
SEP
JeN
DEC
DEr
AFR
DEC
DEz
DEC
JUN
DEC
Jum
NEC
DEC
JUL
AUS
SEP
APR
OFC
JUN
DEC
DEL
JEN
DEC
DEC
neEC
JUN
DEC
DEC
APR
DEL
JUN
DEC
NOV
ocr
DEC
DE"

20

A

3.1518

+2026
2.7230
2.T7213
2.6B64
3. 0449
3.1530
J.1507
3.0&£19
2.60RA
3.1208
?.1893
3.0131
3.0508
3,1239
2.678R8
1.1277
2.5375
2. TBEG
3.0079
2.7403
3.6782
2.9622
2+6361
2.245)
3.1246
2.7236
3.3743
3.019%
3.2174
2.7848
2.7728
2.9822
2.8843
2.5687
3.5067
3.0689
31645
2.7390
2.2188
2.R152
2.9041
3.059t
2.5913
3.1715
2.5956
2.7T66
2.2821
2.6825
2.5689

PLANE TS
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mDEASYTINAKS

1931

1650
1951
iols
1951
1238
1048
1342
1953
1950
1932
1243
1929
1903
1937
1931
1943
1956
1942
1952
19139
1949
1952
1908
1234
1953
1951
1951
1050
1004

-0
1948
1928
1943
1851
1948
1938
1941
1948
1255
1942
1935
1952
1950
1953
190%
1904
1936
1952

1951

1960
1956
1959
1962
1965
1960
1964
1958
1961
1958
1553
1952
1964
1959
1963
1959
1967
1969
1959
1963
1564
1958
1957
1963
1561
1962
1961
1957
195%

-0
1958
1968
1053
1259
1952
1953
1956
1964
1561
1964
1966
1957
1960
1958
1957
1962
1958
1958

PESINUAL
~288.0

-10.1
~F.?
-A%.8
-705

]
2 W
.

w
>

1

-

o o
OADODPNWOD=I-TNOSDN

a 0 o & & © & § o &

QMO OIPyYINEDIDI DO

L3

Lesy

19~8
1942
1¢469
1669
196%
19269
1958
joae
1969
1969
1969
1968
1269
1967
1249 .
19(3'3
1960
1963
1948
1968
19866
1568
lLe80
1967
1968
1958
1958
1¢69

1967

1968
1955%
1968
1967
1969
1966
1969
1968
1°£8
1968
1967
1266
1967
1966
1947
1966
1967
1968
1969
1969¢
1969

ceaqnp

T42.7
2110.0
53.5
40,9
170.6
40,8
10.6
42.3
1600
27241.1
11.7
16.5
216.5
562.2
-30.9
130.8
17.6
364.3
14,6
20.3
179€.0
11.8
166
3gl.l
14.7
10,3
402.7
54,0
66.5
32.2
3‘3
232.6
14a %
170‘0
498.8
37.6
$30.4
310, 6
383.3
27.9
2048,7
13.2
12.0
52.“
16.3
1683.2
52.2
63.2
390.3
381.2

11

Ter FEEFO K¥3

1158.2
300.8
hb. 8
51.0
208.3
60.5
14.6
662
?23.9
2613.3
18.8
14.2
315.9
835.7
£7.6
122.7
27.3
963.1
19.0
29.6

_2151.9

22.4
23.6
%51.9
13.3
‘sﬂa
5G3.0
S3.6
97.3
51.8
43,8
298.8
20.6
23.7
3672
6B, 2
T95.3
487,73
483.1
24.6
26%95. 4
18.2
lqﬂ4
60. 4
25.7
1947.9
67.2
58.8
476. 0
4£39.0

ESTIMATED
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NMJMREG

551
552
553
554
555
556
557
558
559
. 560
561
562
553
564
565
S&6
LYY §
548
569
510
511
572
5Ty
574
57s
576
57T
578
579
580
581
582
S5R3
584
585

586

587
588
589
590

591
592
593
594
595
596
597
598

599
600

MAVE

reteun
SIGELIMNE
KUNDRY
PERAGE
NOoM A
PHYLLT S
VINLETTR
rAeMEN
HARCN
PELTLE
THGWELNE
SALTME
SULETkS
DUy
VAERACHTA
STFEFNEKNPIA

+ ELEUTHFERTA

CHEOUSKT A
B1cH
KYTHFOp
DULT IMEA
PERFKKA
PECHR

TEGTNHILD

9ENATE
EMAMUELA
AMYER
HAPPEL TA
SineNiA
SELENE
TAUNTONTA
FLYMPTA
KLOY ILDE
SEMIRAMIS
RILKTS

- THEKL B

HYPSTPYLE
BEHILLES
LROATIA
TEMYRTS
1aMGARD
RATHSERA

TITANTA

MI®FILLE
POLYXENA
SCHETLA
RANDIISTA
oCTaAvVIA
LUTSA
wysa

STATUS NF MUMARETFED MIMCR DIZNET ESHEMEITRES

BOTE ARWEAR

10.5 1957
. 10.4 jos)
- 13.% 1967

.5 1965

11.T 1568

10.6 1951

13.1 1951

10.1 1957

10,6 1951

11.8 1957

12.0 1551

10.9 1947

9.5 19%1
1.8 1962
12.1 1951
9.2 1947

10.5 1951

10.4 1957

10.9 1962

10.Y 1962

12.9 1951

11.9 1951

1.8 1951

13.8 1962

12.4 1951

10.7 1947

10.8 193%

18.5 1947

.4 1947

11.0 1957

11.0 1951

10.% 1957

10.4 1957

10.0 1957

11.5 1951

10.4 1962

12.6 1962

9.4 1948

10.1 1962

11.2 1951

11.9 1951

10.6 19562

10.5 1951

13.8 1949

0.3 957
9.8 1947
10.8 1947
9.9 1951
0.1 1951
11.4 . 1951

EPOCH

JUN
PEC
SEo
SUN
MAY
DEC
DF?
JUN
DEC
JUN
DEC
JAM
DEC
DEL
DEr
JEN
DEC
Juv
ner
DES
DEC
OFC
nE®
nEC
DEC
IMN
DEC
MAR
JAN
JUN
DEC.
JUN

JUN

JUN
DEZ
DEC
DEC
EUS
DEC
DEC
DEC
DEC
DEC
SFo
JUN
J AN
JAN
DEC
DEC
DEC

f .

2+9705
3.1531
2.2309
2.3751
3. 1564
?.4668

2.4414

2.9080
2.T146
2. 7502
3.1613
3.0185
2+7120

2.4413 .

1.3855
3.1520
2.8844
2.6570
I.4444
2.4110
2.4009
3.0119
2.2527
2.5535

.2.9889

3.1115
2. 7489
3.0145
3.2234
3.7170
2.6111
3.1883
2.3734
24314
3.0415

243346

S.2112

‘3.1300

3.0003
2.6784%
3.0240

2.6980

26307
3.2092
2,901
2.56721
2. 7635
2.1750
2.6586

PLANETS

_DomomquobmooooamoomGnmmoGumo&oo#moomoomovoaommmmo

—

QPO RPONFT NN ST FTID

=

MPNCOOWMP VO NIVOFE PPV ENDIDE bW &

NOFr5ITIOANG

1931
leae
1932
1938
1931
1952
1949
1951
1954
1947

1927

1051
1954
tco4qg

1954

1950
1844
1952
1949

1931

1950
1549

1947
1953
1951

1941

1941
1540
1949
1954
1°52
1930
1c38
1908
1951
1944
1951
1251
1952
1906
1942
1951
1951
1951
1952
1953

1939

1905

10950
1942

1258
1653

1367

126¢
1958
1960
126%
1962
1959
1357
1952
1852
1959
1965
1959
1962
1952
1662
1962
1982
1969
1956
19352
1966

.1958
1961

1954

1967,
1962

1961
1951
1959

71955

1962
1959
1966
1957
1931

19564

1€54
1959
1965
1957
193¢
19560
1962
19462
19=8
1958
1959

FESINUAL

B.t
~144.0
-6-8
3.9
-56.8
90.0
252.0
‘30?
180.0
7.7
~6B84%.0
-9-0
=T2.0
3.6
36.0
3.0
T2.0
~107.9
8.8
3.3
72.0
72.0
-144,0
3.9
‘36.0
10.5
~43.9
6.3
"3-2

~B.1 i

o

=]

4 oa»
VD= 00N -0 =7 od

™~
-

01
~NOFWPONDT PN
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P o s
&~ Q - i
L@

N
.

2.9
~Geb
180.0
108.0
72.0

LART

19569
1968
1967

~l96S L

1968
1969
1267
1949
{960
1969

1965¢

1969
t269
1969

o] GGG e

19¢9
1968
1969

1989 7

1962
197v
1963
1967
1966
1966
1967
1966
19¢9
1969
1968
1961 %
12866 -

— 19T -

1969
1968
1959
196R%*
1967
1968
1965
1969
1966
1966
" 1965
1969
1963
196°
1967
1967
1568

14.7
392.0
1185.5
14.8
1160, 9
30,2
1534.1
55.6
460.7
12.7
..239.9
©20.5
296.2
287.5
26.1
1.2
291.6
212,2
451.5
13.7

-~ 232.5%
55,8
©5,3
14.9
21.8
23.6
47.1

. 24.6
~13.3
21.3
1027.9
10.1
214.7
27,5
12.2
483.6
751.5
19.6
656.9
-~143.3
19.4
51,1
.37.8
81,7
5066.8
393.0

. 1238.6

12

er F:ﬁcﬁ w3

3“.2
6%4.9
14.4

12.2

23.0
416-7

2044

1442.7

I

i

38.3
2403.1
Bl.4
5R3.1
16.1
250.7
35.5
§62.1
92,7
3l. 4
19.8
288.0
323.1
658.4
12.4
261.7
80.4
145.8

18.9

31.8
-38.1
15.6
28.7
21.1
21.2
1066.4
14.9
207.7
&R, 7

1649
701.2

914.2
28.8
808.5
1694
31.0
Tl.%
45.8

- 1063.0

729.2
472.5
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601
s02
603
604
605
606
607
60%
509
610
611
612
6513
514
615
615
617
&1R
619
K20
621

622

623
524
k25
526
627
6528
629
%30
k31
632
633
634
635
A36
637
638
£39
649
641
642
b43
G44
545
646
647
648
649
650

NawmE

NERTHLYS
MARY AMMEA
TIMENDEA
TEKMESSA
JUVESTA
BDARGANFE
JENRY
APTLFINE
FULVTa
VALF SKA
VALFETA
VERrNTKa
GINFVaR
pis
AO0SHITHA
FLLY
PATENTLUS
FLFRIENE
TRIBETLA
DRAKCKT A
WEODANDT
ESTHFR
CHIVAFRA
HEKTNE
XEHI A
yntayaca
CHAR TS
ZHRT STINE
RERMEEDINA
FUEHEMTA
PHYL IPPTINA
PYoC A
TELT™A

UTE
VUNDT T8
ERTKA
CHRYSNTHEMIS
MPTE 8
LATINA
BRAMRYTLLA
AGMES
CLAPR
STYFHERPEIADE
TSI MA
AGPTPRPINA
KASTALTA

2 DELGUNDT
pICDS
JOTEFA
AMALASUNTHA

MOTE ASMAG

10.4
qﬂ?
13.6
10.3
i0.6
11.6
1.9
11.9
11.3
13.3
10,6
L 12.4
11.0
12.1
i1.3
i1.7
9.2
9,86
11.2
12,.5
11.8
i1.8
11.5
8.7
11 .1
10.1
11.1
10.5
10.9
12.5
10.2
13.3
11.1
il.1
10.1
10.7
12.0
1.1
9.4
10.4
13.7
10. R
106
11.8
1.1
12,3
12.7
10.8
1%.2
13.6

STATYS TF MNUMBERFN MIMOR PLAMET EPHEMFRTOES

1923
1947
19054
1957
1982
1951
19471
1942
1962
1942
1957
19056
1947
1962
1951
1951
1948
1957
1962
1951
1262
1951
1951
1948
1951
1962
1951
1951
1966
19568
1956
1951
1962
1962
1962
1951
1957
1956
1962
1942
19¢2
1962
1962
1962
1962
1953
1951
1957
1951
1907

FoncH

JUM
JAN
MAD
Jy
nec
DEr
JEN
JuL
DFC,
Mpy
JUN
ner
JAN
ne-
per
DET
ausG
JUN
DEC
nFe
nEs
DEC
DFC
AUS
nEC
DEC
DEC
DEC
neT
Jut
rov

DEL
DEC
DEC
DEC
JUH
NOY
DE
DEC
DEC
DEeC
NEC
DEC
DEC
aUG
DEC
JUN
DEC
SEP

A

3. 1345
3.0RBG
Z2.551%8
3. 1667
2.2996
2.5R62
2.8515
3.D25¢@
3.0873
3.0797
2.97R0
1.,11389
2.9199
2.6927
2.6313
2.5%51°
5.2068
1.1843
2.519%
2.4152
3.1191
244143
2.4591
5.1211
2.6470
2.571°
2.9003
2.5810
3.1200
2.6245
2.7913
2.6630
2,0170
3.0%4%
3.1341
2.9101
3.1532
2.7357
3.0192
3.1665
2.72154
3.1715
3.345%
25993
3.1798
2.3251
2aillty
3.1718
2.5505
24577

PLAME TS

5 5
5 b
2 e
5 6
5 6
5 6
5 6
5 b
2 8
5 6
5 &
5 6
5 6
5 6
5 &
5 6
5 6
o ‘o
5 6
5 &
5 b
5 5
5 6
2 8
2 8
505
5 6
5 6
5 6
5 6
5 b
2 8
5 6
5 &
5 6
5 6
5 6
5 6
5 6
2 8
5 6
5 6
5 6
z
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NCPLCI FICNS

1923
1251
1206
1951
1539
1952
1950

1948

iens
tasi
1949
1952
1955

1951
1946
1950
1959
1945
1954

1951
1053
1940
1953
193%
1930
1220
1951
1949
1932
1939
1953

1925
1941
1950
1932
1€30
1930
1926
1930
1937
1940
1941
1952
1907

1955
19613
1€51
1360
1961
1956
1962

1965

1906
1960
1957
1957
1961

1662
1958
1959
1758
1955
1959

1956
196~
1949
1258
1956
1568
1530
1059
1959
1959
1964
1957

1957
1265
1964
1960
15632
1957
t965
19564
196%
162
19613
1956
1953

RESIDUAEL

549.0
~3.0
=-6.1

2.1
-8.6

-356.0

~-9.0

LAST

1967
1969
1e51%
1968
1367
1958
1969
17&9
1969
1957
1967
1912+
1766
1943
196%
19567
1945
1960
1969«
1962
1969
1969
1966
1369
1969
1967
1969
1966
1969
1768
1969
1969
1969
1967
1967
1969
19&60%
1968
1967
1968
1766
196%
1967
1969
1968
196%
1964
1969
1267
1968

132

ERPF™ SEr EOOCT KW

1980.0
2l.2
40,
12.7
22.6

261l.2
54,3
300.90
10.6
230.0
200.0
£4£0070.0
69. &
10.%
A73. 1
2559.3
20,0
17. 4
18.0
2B1.6&
&8.3
A16.0
230.9
300.0
531.1
22.6
304,.6
455, 6
15.6
14.7
4&17.8
08,9
22,2
12.4%
26.7T
26986
300.0
15.9%
%, 2
23,1
B.1
1°.1
1.5
11.5
21.8
Fl.9
R19,.8
17.9
16.5
1i73.1

063,35
32.0
46,0
192.9
az.e
300.3
59.4%
440.5 ESTYMATED
16,0
$52.2 ESTIMATED
£30.1 ESTIMATED
932171.0 LOSY
6. &
12.9
1032.3
2B78.7
91%4.T ESTIMATED
ZTﬂ 6
i9.8
292.9
105.0
836.5
253,7
896.1 ESTIHATED
$33.9
25.8
512, 5
522.1
24.%
17.3
542:, 6
366.9
32.5
1B.%
41,2
373.2
468.2 ESTIMATED
19.5
12.%
36.3
T2
26.9
2.7
13,3
35,4
69.0
B58.0
28,2
5. ¢
162.8
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S1-v

MyvaER

651
652
RS3
L2
&£55
656
65T
&5R
¢59
&80
661
662
563
664
665
666
667
669
669
670

700

MaME

ANTIKICZTE
JURTLATRIX
REPENTEE
TELIMNA
RETISETLS
RZAMLE
SUNLMD
ASTEPRPIA
MFSTNE
CPESFFNTYTA
FLEFLTE
NEWTOMNT A
REFL TVDF
JUNTTH
SARTHE
DESNEMONS
MENT SE
nreg
KYDEY P
ITTFRFOE
CACNMERTA
ASTAPTE
ENDA
FACHELF
LUDMTLLA
MELYTTA
AALTYJE :
FREFEGUNDIS
DAY
SENIVEVA
GRELD
HAGRR

LANZ YA
HILDAURG
4EFMTA

- GEFSUIMD

TINETTYF
MELEMTE
1T
WOATISLAVIA
LFHIGH
HIPPINAMYA
1SR INETTA
I

SELLS
LENMORE
GALYLFA
EPMESTINA
HFLA
AUPAYICTPTX

MOTE &AMAG

11.2
12.4
10.A
9.9
10.6
11.2
12.0
1.7
9.7
10.0
10.7
11.9
10.6
11.4
c.f
12.0
10.6
13.4
11.4
11.2
11.2
12 .4
11.2
B.5
9.3
10.6
1.0
10.7
9.2
10.9
12.0
13.6
9.6
12.2
13.0
11-5
13.0
11.7
13.4
8.9
10.5
10.2
10.5
0.2
Q.8
10.3
10 .4
11.9
13.2
12.5%

STATIIE 7F NUMARERED MINAR PLANET ECHFEMFEFINCS

1962
19¢&2
1962
1957
1957
1947
1957
1951
1963
1962
1951
1951
1962
lqhz
1957
1957
1965
1964
1962
1562
1951
1951
1947
1951
1951
1962
1941
1962
1954
19462
1962
1909
1947
1957
1924
1938
1957
1951
1964
1951
1962
1961
tasl
1962
1951
1962
1947
1952
1943
1957

EPrey

DEF
DET
ng-
JUN
JUN
J AN
JUN
NEC
DFC
NEC
NEC
NFEC
NEZ
nNEC
JUN
JUN
JuL
MAY
nEer
nEs
DEC
nEr,
JAN
DE®
nEC
DEC
JUN
DEC
SER
DET
nec
JUN
JAN
JUN
NEC
JUL
JUN
neEC
ADR
DEC
ner
JUL
sl
DEC
DEC
DE"
J AN
DEC
MA2
JUN

A

3.07464
2.9554%
3,0121
2.2969
2.%RAT
3.1683
2.6120
2.854R
S5.?5A7
2.0367
3.0179
2.3531
2,0700
3.1694
3,.151”
2.59132
3.1308
2.7781
3.0102
247047
3.0974
2.5549
2.R1%4
2.9207
2.7714
3.063%
2.9557
2.573%
2.5869
3.1305
23,1120
2.6321
3.7168
2.4326
2.2357
2.588%
2.7222
2.31585
3.1589
3.0142
1.3617
2.9434

- 2.6700

25321
3.1885
2.8813

2.8681°

2.6134
242293

PLANETS

MRV AR A AN AATARNAARNMNAIN ARSI O R MO GAUIWN WD NN A AR ARG AN A
GV OOV NDC DT AR TRCTTITOG RO RIOIOTOD

o
Mo NADNOCrWMOCIVE NI PR ET = I N - SERY RN RN e . SRV I AT I N e R e - TR R

ggan'T]-\\’s

-

e

1928
1937
1927
1950
10941
1950

1e51.

1952
1931
148
182
1953
1948
1930
1651
1950
14636
1936
13473
1227
1952
1948
1951
1853
1952

1931

1906
1934
1939
1933
1932
1909
1947
1994
13na
1922
1951
1€4°
1934
134¢
1938
1049
1944
1948
1953
1951

1951
1937

1902
1338

1964
1955
1968
1964
164
19460
1°61
1959
1964
1966

- 1960

1957
1966
1904
1957
1967
1965
1959
1966
1¢6A
1960
1956

1959

1957
1957

1965
1961

1957
19513
1966
1966
1951
1961
19t 2
1e59
1955

1963

i°5%6
1968
1953

1966

1954
1353
1945
1960
1865
1960
1966
1957
1960

e sinULy

-

QOO =00

1w
-
[ L] a
¢

-
-]
[=]
2

L B

|
[V IS N, V]
BN O SN EeNTDI0 N

L T S T R T ]

4
[RY]
— DR NN D W N M

]
o
™=
.

LESY

1944
1667
1968
1945
1969
1967
1508
1969
1967
1964
1967
1960
1949
1964
1967
1967
1965
1969

1966

1969
1970
1969
1969
1987
168
19468
194R
1369
1957
1266
1966
1951«
1968
1962
1066
LY ]

1969

1967
1969
1968
1568
196°
1969

1969 .

1969
1968
1966
1968
1969
1967

14

EROOP £If EDOCE KM3

273.1
J15.0C
S13.5%
231.9
32,2
44,3
35,9
29.8
45.7
22.0
112B8.4

1185.6

$18.8
ELTY)
165.1
24.4
13.7
2.4
13.7
1757.1
347
- 4046
2663
177.7
17.0
75.1
©20.2
2375.6
27.¢
10.7

T 6T.2
2B.5

11942

53.5
22.6
36.9
2860. 4
78.2

254.3
C74.9 .

151.9
5E69.8
32.9
1961.0
28.0
45.9
217.6
253
12.1

£3602Fd- OSIN'T



91-Vv

STATUS MF sNUMAEPEN MINTP PLANFT Z0DKFUETTDFS 15

MUMRED  MAME MPTE ABMAG gEprruy 4 PLAMNETS QopNSTTINNG PESTIDUBL  LAST FEPRQO SFC EROOT w2

701 CPRPICLY 10.6 1951 REC 20 3,011« 5 5 5 1648 1055 TS.6 1769 221.6 £69.0
TO2 ZLLAUDA 8.7 1962 DFC 2 3.1935 5 b T 1s5%1 1961 =1.4 1967 G.3 14.8
703 MOFEMY 13.7 19#2 DFC 2 2.17%0 5 & 5 1934 1958 14.2 19&6 3.2 30,@
T4 TMYEE MMHNTA Ta6 1962 NEC 2 3.05&9 5 & 10 1939 1966 -3.6 1970 12.0 17.9
TO5 EOMTNTA 9.8 1951 DET 20 2.9228 5 6 4 1953 1958 =216.0 1969 1347.8 1878.2
706 Hiepapr 12.1 1962 DFC 2 2.729%6 5 & 6 1930 1959 6.8 1968% 1.1 73.9
TNT STETHA 13.5 1962 DET Z2 2.1B0A 5 6 8 1932 1357 -1.5 196> G.9 8.5
TOB QAPHAFLA 11.8 1957 JUN 11 2.8717 5 & 5 1952 1960 -3.8 19+#9 18,7 22+6
703 FRIMGTILLA 2.5 1949 JUuM 13 2.91239 5 L 7 1951 1G&3 3.0 1948 19.9 27.6
T10 GERTOUD 12.2 1962 DEC 2 3.1430 5 6 5 1938 1967 -8.0 1969 ie.8 29.3
TL1L MaPMULLA 12.6 19562 DEC 2 2.2373 5 6 6 1942 196R 3.4 |76@ 12.2 10.¢
T12 ANLTVTANA 9.6 1954 S5EP ]5 2.57h4 0 0 t 1950 1957 360.0 1967 1345.5 1537.3
T13 LysrTNTA 16.0 1957 JUN 11 3.4096 5 & 8 1930 19¢&2 8.0 1964 20.9 26.5
T4 ULULR 10.3 1962 DpE” 2 2.53%2 5 6 9 1949 1965 2.0 19x9 23.4 26.1
TI5 TRAMSVAALTA 1.1 1957 JUN 11 2Z2.7679 5 -] & 1951 1562 2.7 1968 13.7 ., 17.6
716 PREPKFLEY 1.9 1962 OfC 2 2.Rri01 5 b 5 1050 1653 4.4 1968 "15.4 20,3
TIT MWISTRADA 12,0 1957 Juy 1l 3.1385 5 & 4 1950 19586 < 10.8 1987 "51.7 80.1
TR FE®IDS 10.8 1957 gu™ 11 33,0522 5 ] 8 1941 1963 -5.4 1968 17.1 25.4
719 Apmreer L 6.9 1911 NCT 11 2,5°39 2 8 1 171t 191t -B.4 1911* GLOO00.0 734723.3 LOST
T20 ACHLTMTA ‘10.9 1551 DEC 20 2.8R58 5 5 6 1vas 1554 -T2.0 1569 278B.6 180.8
T21 TABRDFR S 10.5 1962 OFF 2 3.5539 ‘5 . B 5 1231 1964 -ll.4 1568 25.1 6.4
722 FRIEDA 13.2 1962 DEC 2 2.1718 5 6 b 1952 1965 9.0 1968 5.4 21.6
123 HAMMONTR 11«4 1962 DEC 2 2.9975 5 & & 1934 1967 3.2 1967 1¢.8 15.6
T24 HAPRG ' L 14.8 1911 NCT 31 2.4506 2 8 I 1311 1911 ~4.56 1911® 640000.0 672889.5 LOST
725 AMENDR 12.4 1927 MAR 21 2.5712 2 8 11 1911 1260 ~15.6 1964 ’ 49,2 56.0
T26 JNELLS 12.1 1926 Mpy 5 2.5656 F4 A Q 1ez" 1%63 2.7 1964 24,3 27.6
727 NIPPONTA 11.3 1962 DEC 2 2.5672 5 6 5 1951 19467 8.7 1987 21.7 24.7
T28 LECMTETS 13.9 1912 FEA 28 2.2556 2 8 1 1912 1512 G.%  19&60CH 295.7 269.1
T29 WATSMMIA 11.0 1957 JUN 11 2.7585 5 5 6 1%40 1953 ~T72.0 1969 - 223.1 284. 4
TI0 ATHAMASTA 16.8 1912 MAY 18 2.7436 Z 8 2 1912 1964 =11.7 19569 53.6 48.3
731 SCeca 10.6 1947 JAN 15 2.9B52 5 6 & 1950 1959 ~T.5 1988 - 44.6 64.1
732 TJILAK?Y 12.0 1932 AUG 21 2.45649 2 8 9 1912 1954 6.1 1967 Z2T.% 28.9
Tix MOrTa 10.2 1957 Jun 11 3.3911 5 b 4 1949 1960 3.6 1969 15.9 2746
734 RASNDS 11.0 1951 PEC 20 3,1533 5 5 6 1745 1953 216.0 1967 800.2 1249.0
T35 MARCGHANNA 11.0 1957 JuN 11 2.7280 5 ] S 1951 1961 -2.7 1959 1.7 18.4
T36 AHrPvVAERD 12.2 1962 DEC 2 2.2024 5 & 5 1933 1964 9.0 1°67 22.6 19.7
737 PMREQUIPA 9.8 1951 NEC 20 2.5508 5 & 5 1953 1961 90.0 1949 402.9 464.6
733 ALAGASTA 11.1 1951 DEC 20 3.0334 5 5 5 1948 1956 43.2 1969 170.4 251.1
739 WMANNEVILLE 10.1 1960 JAN T 2.737A 5 6 7 1241 1956 15.5 1965 57.0 71.8
T40 CAMTARTA 10.4 1967 Jud 11 3,0487 5 & T 1948 1963 4.7 1968 1¢.8 24.9
T41 PRCTRLPMIA 11.4 1951 DEC 20 2.7235 5 S & 1941 1354 =36.0 196% 114.1 142. €
742 ENTEOMA 10.5 1°51 DEL 20 3.0129 b 5 & 1945 19532 -108.0 1968 426.9 622.9
Tedr EUGFNTISTS 11.3 1947 JAN 15 2.7950 S é T 1951 1962 17.7 1969 Al.9 109.2
Ta4 AGUMTINAG 1.2 1951 DEC 20 3.1730 5 5 6 1°41 1953 144.0 1967 452.2 T12.2
TS MAICITIA 11.1 1962 DEC 2 3.2595 5 & & 1924 1957 3.6 1969% 1.9 19.5
T46 MAFLU 10.6 1947 JAN 15 3.1129 5 6 5 1951 1958 5.7 1968 41.9 64,2
T47T WIMCHESTEPR B.8 1947 JAN 15 2.9944 S [} 4 1952 1958 2.3 1968 24.5 35.4
T48 STMEISA 9.8 15942 DEC 27 3.9511 2 g 19 1913 1962 16.46 1969 37.9 81,0
749 MALZINVIA 13. 1964 SEP 2 2.2430 2 8 8 1935 19464 ~2+3 1964 9.9 .0
750 TNSKAR 13.0 1962 DEC 2 2.%%20 5 6 6 1932 1986 4.2 1968 13.2 13.8

E¥602¥d-DOSIN']L



L~V

MmO ER

751
752
"53
754
755
56
157
758
759
760
761
TH2
763
T64
T6%
T&66
kA x4
768
769
770
T71
192
773
174
115
176
,y
778
T79
T80
781
ra2
783
T84
T85
786

TAT

T88
789
90
191
192

793 -

794
TQS
196
797
798

‘799
0o

. MALABAR

MAME

FATMA .
SULEMTTLS
TIFLTS

AVINTILLA
LILLT2MA
P TLANDTA
MANCUMNTA
VIMIFEPA
MASSINGA

ARENDTLTIA

UL NVA
CurPtnQ
GENamMIA
MATTTRACH
MOFUMNTTA
arvntA
STEHVEANA
TATJENA
PaLT
LirFal
TAMETE
IRMINTTCAUD
AUMPR
LUMTFCF
BEFRFPICTA
GUTEMEERRA
THFNBAL DA
MINE
AOMEMTA
KAERTYELTR
MONTEF IORE
Mg
PITXFRTNGTA
IWET AMA
BPEDTLHINA
VIISK VA
HOHENSTEINA
LEME
PRETARTA
EMI
METCBLFIA
AP TNNE
TerMAER
FIMTY
SARTTA
MAONTAMA
PUYTH
SUDULA
KUESSMANMTA

NOTE APMAG

10.1
11.5
11.9
10.5
10.7
11.3
11.5

9.3
12.1

Y-
11.9

°,3
13.9
10-7
la.1
10.9
11.2
11.4
10.2
12.2
11.7

Oua
10.6
10.0
11.4

8.9

1.3

11.6

9.7
10.2
10.6
12«6

12.2

10.4
1n.5%
10.1
11.4

9.6

12.4%

9.1
10.7
11.2
11.0

120“\

10.8

. 10.4
1.7

0.7
11.5
12.7

STATS IRNUMAFDED YMTNIP SLANMCT FOWEMERTNES

1951
1957
19230
1947
l@62
1903
1962
1962
1962
1951
1957
1247
1963
1947
1925
19472
1951
1957
1957
1957

1951

1947
1957
19587
1961

-1962

1957
1957
1957
1962
1962
1949
1962
1957
1957
1962
1951

1951

1962
1962
1957
1962
1947
1957
1825
1951
1951
1962
r1est
1968

FoOry

OF”
JUN
JAN
J AN
OEC
ApR.
DEC
DEC
0EC
NEC
JUN
JAM
JUN
JAN
JAN
DEF
DET
JUN
JUN
JUN
OEC
JAN
JUN
JUN
BEC
REC
JUN
JUN
JN
ne-
nNEC
FEBR
DE”
JUN
JUN
DEC
NEr
DFC
nec
DET
JUN
DET
SN
JUN
SN
NEC
DEC
DEC
JUM-
ner

"~ 10

20
20

11
11

A

2.5%20
2.4R33
2.3255
2.9856
3.1618
3.72288
2.3729
3.20t7
2.4A192
3.1461
2.8632
3,15Q0%
2.2403
3.1810
2.5488
3.0224
3.11%7
2.1319
3.1759
2.2208
2.6531
2.9987
2.8568
31,0430
3.011%
2.7327
3.2178
1.1710
2.6650
3.1152
3.2369
2.1797
2.3418
32,0999
2.5757

1 3.1624
2.5406

3.1270

2.6861

3,39713
3,1261
2.6220
22,7960

3.15867

2.7499
2.6367
2.5359
3,0145
Z2.541%
2.1926

PLANFETS

SRV RTRC RN VEY RY RV ET RERE.NTRCNT R RUBERCRE, NV RVEV, BURBTRURURVEVEU R R RT RS R R R VR EV R RSN BRI BRI
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wWLEARLPPANE SO NRN OO FTEFNFRNANON NI aET N PR AGALSANSOP,PO NN

—
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1252
1928

1ez”
1508
1539
1939
1026
1939
1951
1956
1240
1951
1913
1947
1539
1951
1339
1951
1951
1652
1651
1052
1943
1947
1950
1934
1253
19413
1950
1951
1963
1950
1952
1933
1250
1042
1549
1939
1948
1947
LA 949
1936
1914
1951
1552
1545
1952
1951

105?

1953

1959
1660
1956
1963
1967
1950
1266
1976
1968
1953
1957
1962
1963

1957

192y
1965
1251
1962
1057
1964
1960
1058
1960
1960
1951
1966
1962
1960
1958
1963
1961
1950
1965
1259
1961
{GES
1956
1553
1962
1966
1953
lee7
1959
1058
1955
1956
196R
1964
1961
1968

RESTOLAL

10.0
-3.5
-2.6
-R8.3

| 1 =
)

W

) BTN
N o= f 5D SO

» ¥ 3 4 w» & F 2 1w

J
o
.
O 0N NGO ORI TN

LASY

1967 -

1968
1967
1968
1968
1967%
1569
1269
1968
1969
1942
1949
19673
1968
1949+
1968
{48
19458
19468
1369
1ot
1968
196%
1968
1948
1969
1969
1969¢%
168
1969
1669
1966
1967
196%=
1969
1668
1963%
1963
1e68
1966
19468
1¢4&R
196%

S12es

1969
1969
1°65

- 1966

1969
1968

16

ERROT SEC EREMR xM3

96%5.3
1P 1
27.7
47,7
22.4
3B.K
21.2
8.6
13.0

327.3
42,8
40.9

149.7
TG
28.2

15.3

€g1,3
29.5

~34. 6
29.0

3159.0
674
24.3
35.6

453.9
AL
10.6
27.2
21. 7
1l1.8
18.2
75.7
19.2
26,0
31.2
21.3

1575.3

126.1

q. 5

18.5
14.8

l4.6

43,5
29,2
95.2
€35,.5
§32.3
T8
28.3
9.9

109p,2
12,2
26.7
L 6BL.T
' 35.0
(6243
21.1
13.8
15.3
500.2
S9.1
63.7
134.6
125.¢°
- 31.6
22.4
909, 8
&5 .6
55.1
259.7
430,27
C97.7
32.7
52,7
b81.9
11.8
17.0
42.8
26,3
S 1B.1
29.6
64,1
P 1BaT
45. 4
35,8
33,3
1759.0
1940

11.6

32.2
L 22.9
D1T.2

i

e

Sfﬁozm*ﬁs‘ﬁ?"f‘
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LT Y

RQ1
8n2
a0l
RO4
aos
A06
ao07
2908
809
810
111
812

8l4
ars
AlG
a17?
AN ]
819
820
21
A22
A23
B24
R2S
pzZo
827
A28
p29
a30
831
n32
R33
834
A35
836
A37
R3A
A39
R&D
B4l
R42
43
844
845
866
847
A48
849
850

NEwE

HELWERTHTA
EPYLE XA
PICKA
HYSPANTS
UL LLAIRCE Y
GYLDEMTA
rFRASKTIA
MERXTA
LUNDT B
ATOSSA
NAURETIMA
ARZLF
RAIMETA
Taye1s
CNPPELIA
JULTANA
ANNT KA
KADTEYMTA
BARMARDT BNA
ANFTENA
FANMY
LALAGE
SISTRAMATS
ANASTASTA
TAMTMA
HENF TKA
WRLFIBNA
LIMNEMANMIA
ACADFMIA
DETDAPRL T TANA
STEYETIPA
KACTN
MOMTCA
RURMHAMIA
ALIVIA
JNLE
SCHWAPZSCHILDA
SERAPHIMA
VALROPG
JENTATA
ARARE(LA
KERCTIN
NICOLATA
LFCMTINA
NAFMA
LYPPERTA
AGHT A

THMMA

ARA

ALTONA

MNCGTF AOMAG

12.5
13.6
10.7
902
1.6
11.2
11.9
11.0
13.2
14.2
11.8
12.5
13.2
10.0
12.0
11.4%
12.0
10. 4
13.2
11.2
12.5
12.6
12.8
11.5
13.1
12.5
13.9
11.2
17.0
10.6
13.86
12.1
12.3
10.5

"12.0

14 .4
12.0
11.3

' 11.8

10.6
13.6
11.8
1.3
13.7
11.2
11.5
1le%
11.9

9.0
10.7

STATHS 7TF "NUMRETER MIMTE 3| ANET EPHFMERINES

1963
1915
1957
1947
1951

1951
1957
1956
1951

1915
1962
1951
1957
1957
1963
1957
1951
1951
1962
1957
1951
1962
1967
1957
1982
1951

1926
1957
1962
1947
1916
1952

1951
1362
1962
1925
1962
1957
1957
1951

1962
196R
1916
1957
1957
1957
1962
1951

1962

1962

FPOACH

MLY
MAR
JUN
J AN
DEC
DEC
JUM
Mry
nEC
SFP
DET
DEC
JUM
HUN
1AY
JUN
nEr;
DEC
NPV
JUN
DEZ
DEC
S5ge
JUN
NEr
DET
DEC
JUN
DEC
JAN
ecr
JUL
DEC
DRC
DEC
JAN
DEC
JUn
JUN
DEC
DEC
ney
rcT
JUN
JUN
Jun
DFC
NEC
DEC
DEC

A

2.6060
2.1962
3,2064
2.8290
3.2205
3.1986
3.0187
2.7459
2.2336
2.1730
2. 8980
2.6589
2.2230
3,1794
2.65R0
3.0022
2.5884
3.1763
2.1675
3.1278
2. 7146
2.2556
2.2214
2.7924
2.2258
2.7135
2.2743
3, 1860
2.5792
31,2004
2.2143
2.8637
31,0001
3.1519
3.2023
2.1902
2.2980
2.8968
2.6158
3.1280
2.25486
3.2163
2.2790
3.1889
2.6281
3,1430
2.7820
3.1122
3,1570
2.9990

PLANETS
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2 g
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ApprsITInNg

1915

1930
1951
1038
1938

a2l
1950
1915
1 G3h

1947

1916
1950
1551
1c46
191¢&
1951
1930
15936
1937
1934
1916
1934
1916
1950
1929
1950
13916
1916
1942
1950
1930
1903
1923
1940
1353
1927
1533
1939
1616
1950
1939
1951
1¢139
1934
1926
L350

1957

1562
1960
1752
1952

1958
1960
1962
1964

19460

1957
1551
1959
1953
1959
1962
1982
1962
1267
1959
1563
1956
1261
1961
1966
1960
1916
1958
1953
1961
1251
1965€
1967
1959
1962
1956
1960
1968
1216
1961
1960
1954
19s7T
1959
1966
1564

QESTDULL

18.8
BaT
6.8
4.0
684.0
-32'5
144.0

-5.1
4.5

]
&~
.

COOOV®ESw

[
O D00 Hwd

4 2 & 4 8 3

LAST

1967
1970
198
1969
1969*
1969
1969
1989
1967
1969
1989
1969%
LoGR*
1965

1966

1965
1968
1964
1969
1968
1968
1967
1965
1569

1969 -

1966%
1964
1968
1069
1968

1916% -

1969
1963+

. 1986

1967
1968%
1967
1965
1966
197 0%
1969%
13680

1916%

1967
1966
1966
1967
1968
1966
1964

EFQrE SC{ FRCCT

40.5
300.0
22.4
4243
42c, 0
2011.3
300.0
h8.9
514.0
b4
13.5%
290.9
229.8
13)0.0
20. 4%
10.6
3106.2
TTo.6
14,2
32,
661.3
345.7
15.3
16.9
29.9
209. 4
“2. 4
15.0
1B.5
19. 6
640000.0
£l.0
597.5
12.9
15.7
110.6
11.7
16.9
15.7
194.5
21.8
12.1
640070.0
17.8
14.8
1.2
26. 7
191.9
1R.5
24,1

17

kM3

7.1
Za.1
35.8
564
691.9
2205.1
538.9
B7.2
4T8.2
31.1
1R. 6
380.7
201. T
«l3.0
24.5
15.4%
A52.5
1229.8
29.7
5l.2
a50.6
314.6
13.5
21.9
26.6
260.0
3g.1
23.8
2l.2
31.2
563277.0
109.%
870.1
20.2
il.4
9% .4
11.0
23.2
18.4
300.0
lq.s
19.5
§93289.4
28.3
2D.R
63.9
34,4
293.8
28.9
34.9

ESTIVATED

ESTINMATED

ESTIMATED

ESTIWETED

LNST

LasT

E¥608Fd-DSIN'T



61-v

NyuaER

R5]
852
LY
54
AR®
AS6
A57
A58
nsu
860
g1
B6&?
863
BbH4
a6s
66
367
868
859
870
RT1
arz
T3
874
975
avTe
ATt
RT3
879
880
A1
a2
CLE]
Ade
ABS
ARG
8p7
nan
aRg
890
f91
892
793
R34
B9s5
9%
897
198
199
300

Y AMFE

ZEISSTA
WLANDTLENA
MANSEMTA -
FRNSTTA
MNEWCCGMRTA
BACKLIINDA
GLASENAPPTA

CEL DJFZATR

BNIZATEAH
TLES R
ATD2
FOANTTR
ARENKOELS
[=1078})
TURATIDA
FaTME
KPVEC TR
LNV
HELLENA
MAMTC
AMNFRIS
HOLDA
MECHTHILD
enTPAYT -
NYMPHE
scrnTT
WALKUPF
MILDRED
ETCLARDA
HEPR A
ATHENE
SHETLANA
WATTEDAN]A
PRIZNUS
UL Y KE
WASHINGTONTIA
ALINDA
PARYSATYS
EDYMTA
WALTRAUT
GUNHILD
SEEL INERTA
LENPOLAINMA
EeDA :
HELTN
SOHTNX
LYSISTRATA
HILDFGARD
JPKASTE
ROSALINDE

KOTE AAMAG

13,0
11.4
12.6
13.4
12.9
12.0
12.8
11.5
11.0
10.8
10.9
11.1
10.3
12.9
13,2
10.4
12.2
11.2
13.3

131.0.

l3-a
11-2
12.4%
i1.0
12.8
12.0
11.8
16.56
12.9
13.1
13. 6
11.6
13.7
9,9
11.8
10.3
16 .3
i1.0
12.3
1l.4
11.3
10.7
10.8
11.0
9.6
13.0
12.2
13.5
11.5
13.0

STATUS NF "NMBERED MINO® PLANCT EPHEMIR TDES

LI

1959
1961
1966
1961
1967
1957
1962
1962
1947
1957
1957
1957
1962
1951
1962
1957
1962
1962
1964
1924
1967
1962
1962
1962
1949
1962
1957
19156
1917
1951
1938
1962
1924
1965
1966
1943
1958
1962
1962
1967
1956
1962
1947
1951
1964
1959
1962
1949
1951
1962

FER
LUSL"S
AUG
oeC
APR
JUN
NOY
DEF
J BN
HIN
JUN
JUN
nEr
DEC
DEC
JUN
DFC
DEC
NOY
DEC
JUN
DEC
DFC
DEC
DEC
DEC
JUN
ocT
JuL
ner
NOV
DEC
DEC
AU
ocy
APa
FER
DEC
neC
JUL
NCV
nEC
J2N
NEC
Jum
FEa
OEC
DEC
DEC
DEC

n.

2.22°1
e 3631
2.3122
2.3680
2.34619
2.4363
2.1908
2.80Q61
33,2056
2.7958
3.1501
2.8026
3.1951
2.2697
S LT
31.1236
3.0726
2.7022
2.6908
2.3217
2+2223
2.7300
2.6270
3.1579
2.5539
3.0134
2.4858
2.3633
2.5298
3.0093
2.6121
2.1329
2.2384
5. 1855
31,1009
3.1485
2.5158
2.7097
24460
3.2031
2.8595
31,2165
3,.0506
3.1169
3.2033
2.2853
2.5433
2.7314
2.9095
2.6730

PLANETS

WU\NU‘NNUI\HL-HU"NU'lU!NNNNNU!NU|N~U\\.I\N\.I‘I\-HU!'“NNU"U‘UHU‘U‘I\BU\U\\BWMNWNNNNN

ﬂ*a"motﬂm\ﬂﬂ‘ﬁ*ﬁl@ﬂ'OmImmﬂoI@@QOO‘GDOOGQGQQOWDO@OG‘OO‘QQ'WG“DGL?

-

Ll o
CPCIMOC O VNN ERDVNOWE PN,

FPAF OO ADN P PP AP NS PN~ gD

gspnStTIONS

1934
1923
1939
1942
1938
1950
1920
1941
1943
1956
1951
19950
1949
1953
1934
1951
1528
1332
1917
1517
193¢
1939
1230
1933
1917
1942
1954
1914
1917
1917
1917
1934
1317
1930
1937
192R
1918
1927
1923
1934
tetg
1936
1949
1936
1937
jols8
1850
1918
1952
1937

1959

- 1960
1%65

19460
19467
1562
1962
1964
1961
1961
1958
19560
1960
196%
12¢e&
195¢
1958
1263
1962
1960
1967
1962
1065
1962
1950
1965
1958
1938
1949
1943
1359
1957
16l
1965
1966

1951 -

1957
1265
1965
1967
jes5#”
1961
1962
1952
1964

1959 .

1962
1951
1957
1968

FESTOU 2L

37.1

17.6
-5.3
90.0
6.2
90.0
5.8
3.0
90.0
3.2
b5
-8.5
2.7
'90.0
-T.4
1.8
-6.2
-102.0
3.4
3.8

-90.0

-97.2
45.0
5.9

LasT

19hA2
1967
1o
1968
1967
1946
1968
1e89
1968
1965
1969
1969
1966
1969
1968
1969
1959
1966
1968
1964
1967
1968
1969
1949
1966
1956%
1989
19384
1949
19569%

19648% -

1967
1964

1965

1966
1969
1970¢
196°
1968
1247
19¢7
19866
1967

1969

1968
1067
1969

~19867

1968
1969

18

EFRME SCC EQROF kw3

19.0
19.1
313.7
SB.6
6.9
62,7
18.1
IZuT
18.%
29.1
17.%
79.1
3!!3
526.1
12.8
11.7
182.4%
19.0
63.7
15.8
17.9
16.1
10.9
90.8
6.9
42.1
92.0
36.6
243.8
25.“
155.3
33,2
9.0
159.4
18.2
15.6
20. 2
10.&
153.9
20.9
g.8
31.9
305.3
10.0
25.3
£16.0
- 218.6
278.6
15.8

coe

16.9
ta.9
298,13
5.1
 baB
G, b
15.8
16.7
29.5
37.B
271
103.4
49,8
84,1
1441
‘18.0
274.0
23.4
'29.1
61.0
1%.0
‘22 .4
‘12.0
‘17.0
102.3
10.9
65,3
L9049
40.8
355.1
29.6
240.1

- 2%.8
. 2T.2
242.8

28.3

17.1
25.1
11.23
245.8
208.2
14.2
47,4
468 .4
1T.4
23.6

241.8

274.3

- 3B5.6

16.9

E¥608¥d- DSN'T



02-Vv

HpyvMaco

a0t
a2
203
904
enNs
a0k
aq7
208
999
210
911
012
913
ER KA
ars
9156
917
918
319
e2n
a2l
922
323
9724
225
G926
927
928
929
330
9131
03
933
934
935
936
a3r
938
a3g
940
941
a5z
943
944
945
946
947
941
949
50

NAMF

Aprer s
POrPITAS
NEB(LEY
IPTKEFELLTA
UNTVEPSTTAS
REPCOLNA
QUM

RUN2

Lt a
BNMELIESF
AGAMFMNTN
HA'J]T]MQ
NTILY

PALT SANA
CrSETTE
AMEGTr§
LYKA

FTH
TLSEBTLL
PAGERTA
JOVITS
SCHLUTEIA
HERLIINA
TNy
ALPHNNS INA
IMHTLDE
RATTSRACNA
HILDRUN

AL GUNDE
WESTrHALTA
WHTI TTEWNARA
HNryERTA
5Us1
THUTIMGTA
CLIvie
KUNTGUMDE
RETHGFA
CHLTSTVNDE
1Sagrca
KORDUY 2
MUREAY
AINMTILDA
REROMT A
Y4IDALGH
BAETFLAMA
POESTA
MANTERMSA
JUCUNDR
HEL
AHRFENSA

MOTE ARMAR

12.8
13.6
1.8
il.%
12.3
10.7

11.2
13.1
12.8
10.5
8.7
11.7
10.2
10.8
13.7
12.6
10.5
10. 8
13.5
11.5
l“la
11,2
12,2
12 .4
13.4
10.5
12.1
1.6
11.0
12.0
11.4
11.4
11.0
12.4
11.
12.5

STATUS NE'NUMAE2ED MYNAR PLANET EDHF¥ERTNES

1963
1951
1347
1968
1962
1947
1944
1962
1952
1951
1963
1957
1919
19462
1962
1962
1961
1982
1951
1064
1964
1951
194G
1947
1951
1947
1257
1966
1967
1962
1957
1941
1950
1957
1920
1951
1950
1962
1962
1957
1957
1962
1951
1964
1961
1957
1e51
1962
1957
1924

FPrry

JaM
NEZ
aun
MAY
DEr
JEN
MAY
DFC
DEC
OEC
neC

JUN

Moy
FER
DEC
DFC
rOQ
DEF,
DET
JUN
SEP
DEC
JuN
JAN
DEC
Jay
JUM
JUN
MaC
DEC
JUN
JAN
APR
JUN
ncrT
NEC
APR
DEC
DEC
JuM
JUN
DEC
NEC
MAY
NCV
JUN
DEC
DFC
JUN
FEB

A

22245
244680
3.24945
2.99008
22163
2.8945
2.3002
2.4741
2.5513
2.9319
S5.1536
3.1254
2.1973
2.4545
242281
2.3650
2.3812
Z.861%
2.7TT15
2.6208
2.1789
2.6R79
2.6148
249355
2. 7001
2.9189
3.2176
3.1624
2.2388
24%301
3.1607
2.4104
2.3699
2aTH4TSE
2.2189
3,1423
2.2314%
A.1742
2.2474
3. 3899
2.7798
3.1629
3.1131
5.3201%
2.6398
3.1235
2.7511
3.0333
2.9927
2. 3710

PLANFTS

Wi Ry o
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DHAVON AV WESPTF PRI IrICLATIDTR A INCEONG N doW O

1056
1918
1918
o33
1951
1550

1931
1926
1939
1935
1950
1909
1919
1951
1951
g9
193¢
1918
1940
1935
1937
1919
1951
1940
1951
1943
1946
1944
1940
1942
1942
1927
1552
1920
1945
1216
1934
1937
1949
1948
1931
1949
1920
1921
1947
1953
1932
1941
1921

1941
1958
1947
L196R
1759
1962

1964
1863
1950
1964
1958
1562
1962
1964
1964
1963
19583
1953
1959
1964
1563
1961
1961
1954
1962
1964
19¢6
1e&7
1962
1962
1958
19586
1951
1963
1953
1953
1965
1a57
19613
1957
19568
1956
19564
1952
1963
loto
1953
1963
1959

FESIDUAL

=10.2
130.0
5.7
-1.13
o3
—3-?

~6.2

i
s 4 % 4

-
[~

Q

—
=

VO F NN IOV WA VOIS DO WEDONWADN

]
b~ NEs D
« 4 ® 3 = & & 9 & * & @
@, NQO0OQA= 0D ANL=NPD2rrrrad I 0000 WN

o

5 % & x * 4 8 s » s

LAST

1968
19&8
1349
196¢
1947
1969
1548
1967
1oe6°
1946
1969
19¢%9
19¢8
1aep
1964
1969
1266
1948
1as0
1969
196%
1963%
1569
1969
1969
1948
1969
1966
1947
1966
1363
1967
1967
1969
1962
1968
1969
1965
1967
19&9
1966
19A8
1958
1064%
1968
1963
1240
1966
1968
1969

EFFZF

23.6

332.5

22.8
.0
S.1
22.0
330.0
17.0
13.1
T7T6.4
12.5
46.3
39,2
22.2
18.0
12.7
26.4
338.9
tp.o
10.1
17.1
17%.1
16.9
T1.7
510.4%
133.4%4
23.2
i1.3
iz',
132.1
12.6
170.6
T1.7
12.7
34,2
31ée.1
25.7
13.7
209, 0
18.0
338.3
18.3
548.3
11.5
30.5
1.6
489,89
661.1
22.3

25.2

e

SrC EFeML WKM7

20.9
359,72
37.0
2.5
£.0
0.2
191. 4
IR.1
24.3
1084.3
37.7
Tl.4
34.0
23.4
16.0
12.6
2644
457 .8
24.3
11Iq
271
214.2
19.8
100.6
£28.9
191.3
37.2
17.5
1l.4
188.7
19.8
175.5
TL.2
1&6.1
30-2
432.0
23.0
21.5
1R9.0
31.2
435.4
28. ¢

839.A8

4.2
36.3
25.5
520.4
974.3
32.2
25.0

ESTIMATED

E¥602¥a-OSW'1



18-V

KUMARTE

951
952
953
Q54
9595
256
957
QRA
Q549
360
941
962
953
U954
165
366
9267
450
969
970
9271
972
974
971s
oTs
°T7
QTR
979
980
%At
98?
993
984
9Rs
ang
987
64na
989
590
991
992
aq3
994
295
194
997
F9R
9%
1000

MAME

nrEPEA
rarg
CATNLEVA
LT
BLSTEDF
FLISE
TAMELTA
BSPLIMNA
ARYHE
RIRGTT
RUNN TE
ESLeR
TAURERGS
SUREVADA
EMCELTrS
M»ysru}
4ELTCMAPE
CETINTD
LEFCEDTA
paImMIILA
ALSATIR
TrdnT
ASALTA
Licae
PEPSEVERANTIR
BFMYIMTHA
PYILTPPA
ATDAMINA
TLSEWA
AMACPSETIA
MART IMp
FRAMKLTINS
BUNTL A
GRETIA
INSTMA
AMELTA

WALLTA

APOFLLA
SCTHWASSMANNTA
YERKES
MEOCMAL DA
SHASEY
MONLYOKA
CYTHYLD
STEFNPERGA
HILAFITAS
PRISKA
anpES
ZACHI?
PIIIITA

NOTF aAAwxAfn

13.1
10.4
11.6
11.8
12.7
13.6
1l.1
1.1
11.9
14,2
12'5
12.7
13.&
12.0
11.8
11.2
13.3
11.4
13.4
13.5%
1.3
10.8
iL.0
11.8
11.4
i0.6
10.8
to.8
11.0
9.3
12.2
11.4
10.R
17.8
la.2
10.8
10.7
12.5
13.4
13.0
1.9
12.2
13. 4
11.5
1%.6
11.7
17.1
12.2
12.4
11.4

STATUS IF MUMBE?EN MIND? ALANET cOUEMERIOC?

1962
1951
1957
1957
1962
1925
1962
1957
1951
1g21
ine2
1921
1021
1962
1925
1961
tasTt
1962
1521
1942
1951
1951
1262
1951
1949
1962
1947
19262
19462
1962
1966
1947
1947
1954
1963
1951
1947
1962
1941
1962
1951
1062
1951
1962
1951
1963
1967
jost
1962
1962

EorcH

DFC
DEC
JUM
JUuM
NECF,
J AN
nEC
J UM
nec
alal §
ner
NPy
neT
nE"
JAN
MOV
JUN
NEC
DEC
a1
DEC
ner
nEC
DEC
DEC
DEC
JAN
DEC
OEr
nEC
peT
JEN
JAN
SEo
JAN
DE"
JAN
DET
J AN
ner,
DEC
nEC
DEC
DEC
NEC
JUuL
DEC
DEC
DET,
DEC

A

2.2098
2.+I84%
2.7T89)
3.1312
2.704]1
2.2981
Z.9192
21.9442
a,1917
2.24R4%
2.6932
2.9048
2.2478
A.04677
3.1676
2717117
242255
2.°7663
2.4622
2.5625
2.64]11
3.7611
3.2275
2.5333
2.8345
3.1827
3.11488
3.1953
3.1444
2.T7399
3,1026
3,0692
3.16R8
2.8042
2.3001
3.137%7
21,1349
3.1609
2.6591
2.6701
3.1344
23,0227
2.R601
Z2.97308
Z2aftlbh
3.0949
Z2.6709
3.1176
2.6117
3.2007

DLEMETS
2 8
o 5
5 6
5- 6
S &
2 2
5 &

VAN NWMAOINWM I VA AN A AR W N WG Pe D o o™

MWWV N DA AN

-

PO DT RIC NI DC DD PE

P - N N A - N NP

[ R B s N

R N AR RE .- = I VRV I, STV W I, G ., N A S I 0. R N S

FRPSPVDVIV BN o

APECSY TIONS

1576
1941
1952
1949
1733
1921
19256

1927
1921
1934
1916
1921
1950
121
1921
1950
1935
1921
1529
1953
1942
1931
1957
1e22
1950
1851
1950
1951
19138
19086
19540
1955
1922
17222
1942
1950

1922
1733
1922
19235
1923
104%
1949
1931
1923
1923
1940
1944

1962
1952
1559

1941

| 70
1955
1966

1957
1859
1956
1963
1960
1963
1738
1960
125%
1957
1963
1946
1959
1953
1968
1959
1953
1963
1958
1958
1960
1966
1966
1960
1961
1965
1950
1953
1960

1961
1965
1954
1967
19473
1967
357
io68
1958
1946
1965
1962

RESINUAL

~5.6
-252.0
246
5.9
1R0.0
-51.,0
-3.9

-180,.0
12.2
2.7
-7.5
9.8

5,7
~11.1
-1.8

LAST

19¢:8

1967
1949
19609
11'_;5‘..
1963%
1966
1961
1969
1o6F*
1965
1963
1968%
1968
1969
1959
1947
1969
1966
1969
1964
1968
196%
1968
1269
1968
1967
196%
1968
1c66
1969
1966
19468

‘1969

1965
1967
1966
1966
1965
1965
1966
1969
1969
1969
YL
1969

1968
1938*

1969
1969

REe e
16.6
a56. 1
16.0
20.9
302.4
152.6
11.7%
330.0
348.2
$5.3
11.8
5.6
47.7
206.2
31k, 7
24.4
2T 4
11.5
4l.2
307.6
240%.1
3sl.A
10.8

U 348.7

ar.2
15.3
5.1
21.9
16.8
l-ov.b
12.4
57.2
2.9
42.2
30.3
43.6
54.5
300.0
113.2
12.5
193.9
303.5
2T4.2
?R.0
1264. 6
10.2
22.6
247.0
167.9
11.8

20

FERAE s

14.5
1231. 4
0.7
32.3
349,4
143.6
i6. 4
660,2
584 .9
50.0
14.5
e, 2
43,
3I06.0
497,86
30,4
28 .%
15.5
%3.7
347,13
286%9.5
540.5
17.4
387.6
109.0
‘24,2
146.0
‘34,8
25.8
2447
20.4
“B5.7
C3h, 4
5% .2
128.6
67.6
B4.3
469.9
136.1
16.4%
300.0
445.0
369,686
31.1
1471.6
15.5
27.4
379, 1
196.1
18.9

ESTIMATED

ESTIMATED

£HANZEO- I[N
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NU¥3FD

1001
1002
1203
1104
1005
1006
1007
1209
1309
1210
1011
1712
1913
1014
1015
1016
1217
1214

1019
1021
1021

1322

1223

1024
1025
1026

tnz2v
102e
1029
1030
1931

1032
1133
1034
12135
1036
1037
1038
1039
1740
1741
1042
1043
1044
1045
1246
1047
1048
1049
1050

MAME

RAYS ST

M AEDETA
LYLPFEE
AeELNeN SKYA
AvaGe
LAGPANRER
PAWL IWT A
LA PA7
SYEENF
MARY| ENE
LACDAWT R
SARFMg
TOMPECKA
SEMPUYE A
rHL T STR
ANTYP R
JATQUFFLINE
aeNpOLDE
STRrrMEA
ARCLOTE
FLAMMAR I
OLYMPIADA
THOMAMA
HALF

DTEMA
TMEPTD
AESCULAPTA
LYNRTMA

LA PLATE
VITSA
ERCTYICA
PAFyRT
CIMNNA
MRIAETIA
AMATA
GANYMEN
PAVTOWETLLA
TICKTE
SOMMERFERGA
KLUMPKERA
ASTA

A MazOME
RFATF
TFUTONTA
MICHEL B
ENWTM
GETSHA
FErPNSIA
GOTHN

META

NPTE 4RM2AG

10.6
17.1
11.3
10 .8
11.0
12.9
12. 6
12.0
15.9
1.8
12,7
13,2
10.7
13.0
10.3
12.1
12.13
11.7
13 .q
12.2
10 .0
11.3
11.1
12.0
l".l
14 .4
12.0
10.4%
12.0
il.6
10.8
11.0
12.2
13,8
11.8
10.9
15.2
11.7
12.3

11.6

11.0
1.0
11.0
12.2
14.1
11.6
13.5
10.7
11.8
13.9

STATUS AF "MUMREQED MIN1I® PLANST EPHEMERINEC

1967
1956
1962
1967
1982
1956
1951

195¢
1923
1851
1939
1951

1949
1967
1962
1967
1951

195]
1367
1924
1962
1962
1967
1945

1942
19213
1957
1957
1957
1962
1956
1957
1924
1974
1962
1950
1924
1924
1962
1951
1962
1925
1e42
1951

1951

1967
1962

1957
1962
1949

EPPryY

nFe
Ny
DEC
nNFe
DEC
Moy
DEC
DEC
nee
DFT
Are
ner
DEC
nEC
OEC
FER
DEL
DF”
NET
Avp
NEC
DEFC
MaAR
MAR
DFC
Ayn
JU
JUN
JUN
DEC
JUN
JUN
FFra
(L
DEC
JUN
NCV
DEC
DEr
DEC
NEC
MAY
neg
DEC
per
4N
QEC
JUN
DEF
DEC

AY}

~
~§ 3O NN W

~

20

— N e ey -

¥ 4 .
ORI A e PRt e DN R Ny R

P
-

s
O

A

3.1842
2.7874
3.15609
1.3393
3.1664
31204
2.7081
3.0909
2.6277
2.53106
2.1934
2.4810
2.6831
Z2.B0EN
3,2048
2.2198
2.6085
2.5358
1.9114%
2.79583
2.T375
2.8090
3.1641
2.8724
1.97%4
2.2504
2.1682
3. 4092
2.8892
3.1204
3.0472
3.1374
3.9024
2.2924
3.1371
2.6584
2-1807
3.9269
2.6797
1.1222
3.0740
3.2079
3,097
2.576%
243591
2.9840
2.2415
2.T2R9
3.0891
Z.6239

PLANETS

NU‘NNU‘IWOU‘IU‘\U‘-"JLHWN\.HNU‘NU'INNWUHUINW

MU N G G P WA

[SRCRURY VRV RV RV ARV BT RV N X

ECDC PO T TR DI BOODID O

LAl B - N

SR TSR

—

= AT NOPFVOVCV RGPS O =N O ~ND

ot

MDD P PO S

Lodits Sl -~ Y L . TR

DPEFSTFIONS

1933
1923
1946
1929
1223
1923
1923
1950
1923
194]
19724
1938
1924
1927
1233
1934
17499
1936
19232
1024
1551
1930
1933
1924
1236
1923

1951
1949
1540
1940
1948
1924
1924
143
1927

1924
1624
1950
19130
125
1943
1950
1924
1534
1941
1332
1937
1908

1665
1958
1965
1GA 7T
1942
1967
1987
1956
13223
1253
195N
1954
1l9s7T
1957
1961
1967
199
1962
1964
1048
1967
1966
1967
1952
1954
19213

1960
1940
1964
1964
1953
1953
1962
tenl
1338

1948
1955
195R
1965
1951
19563
1557
1984
1967
1961
1963
1957
1948

FESINUAL

4.5
=5.1
4.2
-3.4
=-3.0
—2.4
—6.6
-80.0

=-%.6

~3.2
-6.5

-4.1
7‘5
180.9
420.0
-LlB4.5
=180.0
36.0
130.0
-5.7
90.0
~6.3
-180.0
360.1

LAST

1669
1e&0
1568
1968
1968
196%
1967
1969
1967
1909
1965
1e6A
1965
1969
L1266
1967
1¢67
1969
1969
1366
1969
1967
1969
1962%
1947%
1923%
1968
1967
1969
196R
1966
1965
1966*
1969«
lega
1967
1924%
1948
1965
1267
1953
19&7
1948

19¢6

12¢4
19568
1961
1968
1969
1959

EeRNE g

13.0
17.1
12.3
10.7
10.6
10.8
21.7
443,3
251.9
230.5
35.0
4731.9
15.7
g.9
10.9
10.6
2212.3
342.5
15.0
268.5
11.7
6.1
12.4
41l
122.6
643000.0
300.0
32.4
11.7
335,.3
10.7
13.6
158.6
34,2
12.3
39.5
640G630.90
28.5
1B.4
72R.3
T76.8
532.7
356.4
168.6
315.A
13.6
191. ¢
19.0
410.4
765. 9

21

ERCPLL M3
20.6
22.2
20.8
1B.5
16.7
16.7
26.9

671.9
297.2
222.8
25.4
518,90
15.1
10.4
1T.4
Q.4
2579,2
388.,0
3.7
3647.6
14.7
2.3
19.4
55.8
141.7
580022.7
47T1.5
56,86
16.0
515.%
15.9
21.1
230.2
32.0
1e.0
4T 4
547691.0
60,5
22.“
1120.2
1167.7
B852.5
541.0
192.7
3.1
19.5
171.9
23.8
621.4%
901.5

LNST
ESTIMATED

LOST

£¥602¥d- DSW'I



gz-v

NUYRED

1951
1nn2
10513
1054
1055
LT
1nsT
1758
1359
1n60
1061
1062
1né3
1064
1065
1066
1067
1068
1069
1170
1071
1072
1n73
In74
1nTS
1076
1277
1078
1070
1080
1081
1082
1083
LIRS
178%
1086
1087
1088
1089
1090
1729}
1ng2
1093
1094
1095
1096
1097
1098
1199
1100

MAME

MERNPE
afELAICS
vIcnr s
FrOSYTIR
TYMKh
a7ALER
WAKDS
“RURPA
MUUSSPPRSKTA
MEGMCLTA
PAECMTA
LJUR A
BOUTLERTA
ACTHIISE
AMUNDCENTA
LOREL TA
LyMEPT A
MOFFFRTETE
PLANCKTA
TUMTCA
AOITA

MAL VA
RELLTVAPA
PELJAWSKYA
HELTHA
vIOnLA
CAMPANULA
MENTHA
VIMNSA
nacHis
DESENA
PIPOLA
SALVTA
TAMAD TWA
AMACYLLIS

TNATR

ATRRTS
MITAKA
TAMA
SUMTOA
SPTFAEA
LILTUM
FREDNA
STREUTA
TULTPA
 EYMES TA
vICIS
HAKCNE
FIGNERTA
BINTCA

NCTE ARBMAG

11.3
13.1
13.5
11.7
12.7

12.9

12.0
13.2

12.4
164 .4
12.1
11.3

12.5

12.4

13.9

14.2
12.2

12.1

i0.R

12.2

1t1.4
11.B
12.6
11.4
11.6

13.1
14.0

12.9

12.1
13.6
12.3

11.7

14.0

11.8
10 .8
19.7
11 .o
12.8
12.9

léal

12.0
1.8

10.0
13.0
12.7

11.4

13.2
12.0

11.8

12.4

STATUS AF 'NUMBERED MIFNT PLANET EPHEMCOTQES

1962
1968
1929
1951
1962
1459
1962
1962
1941
1962
1041
1957
1965
1962
1975
1951
1959
1957
1951
1962
1955
1962
1951
1951
1947
1962
1926
1951
1962
1962
1942
1962
1950
1451
1962
1962
1967
1962
1962
1963
1928
1956
1962
1926
1942
1944
1950
1951
1968
1956

EOPCH

NDEC
Jul
SEF
NEC
NEC
JAN
DEC
DEC
FEA
nec
JAN
JIM
MAY
DEZ
SFP
NEF
JUL
JUN
OFC
DFe
ocyY
DEC
nec
DEL
JAN
DEC
SEP
DFFc
nec
DEC
DEC
NEC
JAN
DET
DEC
DEr
MAY
MOy
DEZ
APR
pon
NOY
DEC
FEB
JUN
ADD
ney
DEC
DEr
NV

A

3.2221
2.7361
2.6139
2.9215
7.1989
2.2302
2.8953
2.1964
2.6425
2.2373
3.1261
1,007
2.3143
2.5471
2.7606
2.4025
2.8735
2.9072
3.1271
1.2178
2.3004
3.1782
3.1733
3.1535
3.0143
2.64769
2.3923
2.2697
2.8724
7.4203
3.0944
3.1352
2.3281
2.6874
3.1751
3.1639
3.0120
2.2011
2.2133
2.3612
3.4235
2.9009
3.1460
2.5482
3.n252
2.5004
2.5%85
2.6883
3.1610
2.8976

PLANE TS
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NEPTSITIONS

1942 1965
1513 19489
1925 1963
1930 1950
1941 1941
1024 1959
1940 1964
1945 1954
1942 1965
1925 1953
1650  19€0
1941 1946
1934 1966
1926 1961
1930 1956
1931 1959
1934 1952
1934 1986
1941 1949
1926 1968
1933 1951
1936 1953
1951 1962
1951 1951
1926 1948
1950 1965
1932 1964
1933 195t
1927 1965
1929 . 1965
1910 1962
1953 1963
1931 196%
1569 1960
1937 1967
1932 1951
1912 1383
1928 1957
1928 1032
1924 1956
1932 1959
1918 1959
1926 1952
1228 1057
1978  195&
1936 1950
1928 1969
1918 1958

FESINDUAL

90.3
6.0
=-1.?
-5.7
-14.1
17.0
an.o

LesT

1965
1368
1969
1969
1969
1965
1969
1867
1967
196%
1969
19569
1966
1966
196¢€
19467
1967
1966
1969
19¢6
1268
1968%
Le68
1968
1967
1569
1966%
1969
1969

1961%

1265
1969

1969 .
- 1968

1<68
196°
1969
1969
1969
1964
1G69%
1965
1564
1959
1268
1966

1967

19648
1969
1967

1006
1.6
35. 6
195..8
111.3
0.0
16.5
12.3
3130.0
1710.9
24.0
10,0
16.¢
25.8
65.8
290.0
300.0
22.8
102.3
157.1
Bé. 4
10.7
372.2
2009,1
15.8
Tek
54.1
526.1
11.9
£.0
156.°
15.0
23.2
692.0
17.9
2B. 2
14.6
1€£.5
22«1
15.0
5"6
2.4
20,7
0.2
29.0
23.0
29.8
TlLe.s
9.7
54 .9

22

ZERCE SEF EREPE KMY

17.0
19.4
41.6
2717.6
270.5
26.7
T22.7
10.7
a57.1
153.3
37.0
14.6
16.1
" 33,6

L 6%,.9

203,3

407.4
“31.6

157.7

252.6

11z.7

C16.9
617,80
3135.9

23.1
T.¢

54,6

484, 1

©16.1

15.4

‘238.2

23.2
22.4
B47.5
28.3
44,7
21.2
14.4
19.5
18.7

:101.2

L4 .6
12.2
45,1

ESTI¥ATED

ESTIMATED

42.6 .

26.7
35.3

- l46.3

15.2
T5.6

£P603 ¥~ DSIN'T



¥e-V

A MR ED

1101
i102
1103
1104
1105
11C6
tLo”
1108
1109
1110
1l
1112
1113
1il%
1115
111é&
1117
1118
1119
1120
It21
1122
‘1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
114C
1141
1t42
1143
1144
1145
1146
1147
1148
1149
1150

NAME

FLEMATIS
PEPTTA
SEQUATE
SYF INGA
FRAGRPTA
CYDrMTS
LTICTRETA
DEVETER
TAaTA
JAPMSL AWA
TTNMYTHTA
POLAMTA
AT §¢
LMIPATNE
SAPANS
TATRICMA
RFGTNTTA
HANSK YA
Eyarfa
CORMMPNMT B
NATE SFHA
NETTH
SUEOLEYS
STEFCRANTEIA
CHINA
oTERD
MiMI
asTeIn
MEUJIMTIMA
KL D
PARZTA
HoLLANOTA
LURDUNE
KEPI €R
COLEHTS
MERTENFES
PATSSA
ATTICS
ATAMT
FRIMER
BAHY A
pETNL 1A
DAYSSFUS
nna
ROAQFLMONTE
ATAPMYA
STAVROPPLIS
BAPEMU
VNLGA
ATHATA

MPTE ARMAG

12.1
t1.0
13.6
12.6
1.3
13.0
10-3
12 .4
11.0
13.4
11.5
11.2
10.7
10.9
10.6
10.9
13.2
11.1
12.4
13.4
12.6
12.8
11.0
12-2
E 1.3
13.%
11.7
11.8
11.1
13.5
15. 4
11.9
13.2
15.4
11.8
12.3
12.1
12.3
14 .4
11.3
14.6
11.6
q.4
it1.0
12.3
11.0
13.6
11.3
11.5
14,7

STATUS NF WUMEERED MINDD PLANET EPREMECTNES

1929
1962
1978
1962
1967
1951
1962
1951
1962
1964
1962
1947
1957
1966
1957
1949
1962
1951
1965
1957
1949
1928
1967
1961
1954
1962
1951
1957
19262
1962
1923
1959
1952
1969
1952
1662
1962
1951
1941
196%
1930
1957
1965
1952
1962
1957
1962
1966
1957
1962

cenrH

ncTY
nNE"
NOY
DEC
DEC
DEC
DEC
DEC
DEF
AbD
DE

JAN
JUN
ory
Jum
MAR
DFC
nEC
ncy
JUN
NEC
SEP
OFr
MAR
JAN
rec
DEC
JUN
DE”
DEC
ocT
FER
per
oCT
OFr
DEC
DEC
DEC
JUL
AUG
JAN
JUN

]

3.2733
3.0704
1.9228
2.6310
1.0126
2.5974
3.1877
?.4284
3.2019
2.2188
2.9959
3.n188
3.117%
3,2922
3.099
2.9215
2.2476
3.2014
2.6114
2.2159
2.5468
2.56045
2.2254
2.5269
3.1546
2.2717
2.5935
2.7907
3.0232
2.2290
2.2287
2.6841
21860
2.6724
2.6659
2.5641
2.4232
3.1453
1.9473
2.7719
2..’,-’07
1.1711
5.2117
31,1525
2.4244
3.04R9
2.2719
3,0152
2.9009
2.0908

PLEMETS
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NPPLSTT TANS

1928
1951
1928
1e2F
1en
1227
1946
1629
1931
1934
1932
1950
1929
1233
1951
1908
1548
1940
1930
1946
1929
1324
1940
1931

1929
1946
1250
1940
1939
1929
1929
1539
1929
1559
1933
193¢
1929
1929
1935
1230
1941
1230
1530
1933
1240
1950
1934
19458
1929

1861
1965
1965
1o6é
1962
1954
1965
1948
1964
1957
1966
1259
195%
1566
1960
1956
1968
19%1
1964
19573
1956
1932
1964
1961

1255
1961
1958
1966
1965
1962
1959
1968
1969
195613
12962
1966
1964
1955
1965
19546
1969
1365
1952
1956
1061
1967
1966
1953
1958

FESTouvAL

-4.1
3.0
~Beb
-120.0
=-94Q.0
130.0
-4 .7
90.0
-9.0
-3.8
-10.0
13.58
1.8
-1.¢
-3.0
=104
6.0
2B8.0
7.2
~uh
~3.9
=2 %
6.0
Q.4

=66
45040

]
[ |
W o BN
.

1
0
o P oM N
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[
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19 60n
1965
1945
1962
196¢
19¢9
1964
1967
1966
1961
1966
1968
1967
1966
1966
1969
1968
1968
1969
1968
1Q67T*
1948
1964
106l*
1967=
1967
1965
1967
1369
1969
196%
1969
1968%
1966%
1967
1ae62*
1969
1964
1969
1569
l1961%®
1967
19¢8
1968%
1967
1567
1567
19¢6
196%
1968+

23

ECRQD KM3

42.8
17.1
29.5
359, 7
245.9
KTT. 4
22.5
259.8
30.9
12.5
32.1
i08.2
b2
i0.¢&
23.4
39,3
15.1
1391.86
20.4
9.6

. 20a1
3r.0
15.6
32.¢
468.5
19.1
1361.9
19.3
19.4
27T.3
36.4
21.6
9,4
9.4
1“.8
1°6.7
14 ¢ %
256.7
11.0
12.2
25.9
30.8
8. ¢
42e2
23.5
31.0
14.0
16.2
42.2
11.2

ESTIMAYED

EP608PT-OSINI



MUV ER

1151
1152
1153
1154
1155
1155
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1149
1170
1171
1172
1173
1174
1175
1L 76
1177
1178
1179
1180
1181
1182
1183
11 84
ttes
1186
1187
11858
1189
119¢
1191
1192
1193
1194
1155
1196
1ar
1Leq
1199
1200

MAME

TTHAKA:
PAWSMA
WALLFMAERRTA
BETEONCMTA
AThMA

Kiet
ADARIA
LubDp
SAAMADA
TLLYRT A
THFSSALIA
LAPISSA
SAGH
Knaryeng
Tvoe TNETTA
CAKUNTALA
QURT AGD
ARANDTA
BLWINE
STvA
DUSTHAWELTS
ANER S
ANCHISES
MARMARA
MED GO
Lucinre
SOMNESSTA
TRMELA
MALLY

RITA
LILITH
TLNNE
JUTTA

GAFR

MTRK™
TURMFPE
AFel

GOTHL ANDTA
TEFEMTIA
PFLAGIR
BLFATEFMNA
PRYS™A
AFRICA
ALETTA

N AMGTA
SHERS
BHADE ST A
ATLANTIS
GRLOOMTA

IMPERATRTX

NUCTE ARMAG

14 .q
12.3
13.4
11.4
13.1
14.0
11.3
12.3
13.0
t2.0
12.8
10.3
11.7
14.1
11.6
12.7
11.0
13.1
l4.4
13.2
1n.8

9.4
13.1
12.%9
1.7
12.3
10.5
12.0
i5.1
10.2
12.7
12.7
13.1
17.2
13.4
17.8
12.9
13.1
11.2
13.3
11.7
3.7
13.3
11.56
14.6
11.%
11.2
16.8
11.4

1.8

STATUYS TF HUMREEED WTﬁ“R GLANET FOHEMERTDTS

1973
1962
1962
1962
1962
1933
1951
1951
1953
1954
1929
19469
1957
1962
1962
1956
1962
1959
1951
1942
1962
1966
1964
1962
19354
1945
1965
1949
1931
1962
1951
1962
1962
1962
1962

1951

1915
1940
1962
1939

1931

1931
1931
1921
1931
1931
1857
1931
1962
1951

EoreH

SEP
DFC
nNEC
DFC
DET
SED
OEC
DEC
PR
SEP
DEC
nEC
JUN
DEL
DEC
o,
PEC
I
DFC
FFB
DEC
ner
seo
DEC
JUN
MAT
ney
FEB
APR
DEC
DEF
nEC
DEC
DEC
e
JUN
Jut
JUN
€.
orT
FER
FER
JUN
JUN
JUL
JUN
JUN
or v
DEC
DET.

M NN O

n
NNNON DN NN N

T
™~

1 R
p—t o g =)

P
oo N

S - -
DR~ @D

A

2.40£3
2.4275
2.1958
3.73981
2.4621
2.2603
3,.2062
25639
2.1794
2.5602
2.1645
31.9428%
3.21099
2.30%54
3.1407
2.5412
3.4215
2.5506
2.3185
2.325%
3.1485
S.1654
S. 1663
2.,0201
3,720t
2+.6941
1.3531
2.6792
2.61606
3.9810
Z.604%
2.2596
2.3823
2.6€677
2.2371
3.0180
2.6395%
2.1910
2.9335
2.4313
2.8939
23649
2.64561
2.9146
2.25E8
2.6%25
2.EB62
2.2491
3.0239
3.0590
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NEEOSTTIONS

1729
1938
1950
1927
1548

1930

1952
19729
1937
1929
1330
1931
1930
1935
193¢
1934
1930
19317
1930
193R
1934
1930
1930
1697
1977
1946
1931
1931
1931
1934
1927
1915
1921
1027
1979
1929

1550
1909

1931
1931
1931
1531
1931
1948
1931
© 1351
1937

18&¢&
1551
1936
1266
1961

1552
1960
1962
1953
1938
1869
1951
1965
1957
1958
1966
19586
1962
1955
1966
19466
1964
1955
1764

1952

1566
1953
1936
1965
1994
1962
1964
19545
1762
19%6
19613

156%
1255

1953
1958
1956
1238
1953
1960
1931
1958
1953

TESINUAL

Le5T

1966% -

1969
1959
1o¢8
1968
196€
1569
1969
1969
1958
1968
1069
1956
1965
1968
1963
196
1967
1969
1969
1966
196¢
1964
1670+
1968
1969
1965
1962%
1936%
1966
1969
1669
1957
1968 -
1860
1966
1949
1964
1968
io658
1966
1969
1969
1965
1935¢
1966
1965
1938#
1967
196%

11.0
17.4
12.9
A. €

525,13

30C.0
rap, "
74,2
21.0
492.1
1.0
15.5
11.9
160‘7
98,0
26,0
17. 8
259.6
355.5
2“-“
12.2
12, 4
B.0
12.5
26.5
428.3
g, 2
24,7
25.3
16,6
?25.0
19.1
167.6
17.9
59.1
2let
25,8
190.0
11.5
30.6
300.0

37¢3 *

165.6
47T.0
44,9

120.9
Z28.%
T2eb
15.8

20L.9

2%

ZOPOE SE( ERECE AM3

1.6
18,0
1.2
15. o
461.3
27440
12¢1.2
BTT.6
21.0
556.5
95.7
33.0
19.1
152.1
617.6
29.0
3l.2
28.8
339.7
23.5
19.0
‘3703
l?’!o3
l8.2
&2.6
52%5.9
15.6
30,0
30.2
35,9
2T1.6
17.4
168.1
21.6
53.0
31.5
313.7
259,0
16.1
31.7
411.8
36,7
197.5
65.2
l44.8
38.9
65, 7
23.:
i0l. 3

ISTIMATED

ESTIMATED

ESTIMATED

P60 ¥A-OSN'L



MUMaED

129
12172
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220

1221-

1222
1223
1724
1725
1726
1227
1228
1729
121310
1231
1232
1233
1234
1235
1236
123”7
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250

NAME NDTE

STRENUA
MERTNA

N ARIN A
QEMZTR
EAFLLA
NUMFPPHTA [N
FSTENTA
TaoiLus
DUHVA
MAPPSHYT A
RTFESSCLE
FOAMCETTE
ALGERTA
RYCHILDE
1332 PRA
ASKAMTA
MAXTHMILYANA
ASTE®
RRTTTA
ferfus
Avpe

TIMA
MECKAG
SANTASTA
ARTANE
SPLYTA
GERANTUM
SCrRIrSe
TIL IR
eICETL
AurRTCULA
CAPTSA
KARECTY
FLYHA
SrHT2CTA
THAT S
RENEVTIEVFE
P2ENACPTA
FVETELFTA
CEMTENARTIA
OYSMMA
TAVRESTA
PAVMFL A
DrICR
CALVTIMTA
CHEKA
MEMDOCTA
JUGUBTHA
RUTHFaFORNTA
GALAMTHUS

AaMaG

12.7
11.4
13.2
1.6
15.13
1v.5
12.3

°.8
11.6
l!l‘
12.2
10.9
12.2
12.1
11.%
11,4
14.6
14.4
13.3
12.3
19.2
13.3
11.7
12.9
13.6
13-3
11.6
12.8
13.0
16.7
12.8
1l.4
12.4
12.1
15.4
12.9
12.1
13.1
13.6
1t.1
10.5
11.3
11.13
12.7
11.0
12.8
1.7
11.0
13.0
14.2

STATUS IF NOMREREDN MINMC DLANET EFFFVNERTNIC

1951
19462
1951
1321
1931
1931
1941
1965
1857
1962
1957
1962
1933
1962
19463
1966
1956
1931
1962
1954
19464
1962
1951
1962
1964
1969
1262
1942
1951
1962
1931
1954
1962
1959
1931
1951
1057
19672
1951
1964
1961
1241
1957
1947
1924%
1951
1o62
1947
1968
1951

FenfY

DET
nEC
nee
pee
SEP
ar T
MV
neT
JUM
nFC
JUN
ner
JAN
nFE
JUL
Jin
Ny
nEe
nEec
MY
JUN
NEC
DEC
DEC
SEP
SEP
DEC
DEL
nEC
NEC
ncr
NOY
nEC
JBN
SEP
DEC
JUN
DEC
NEC
NPV
DEC
JUN
JUN
A5
DELS
DEr
DEC
JAN
AUS
DEC

A

2.6992
3.9704
2.8837
2.7628
2.5322
2.B70%
3.01R6
541660
3.1818
3.0107
7.9275
3.9544
3. 1279
2.70%4
2.5786
2.2722
2.352%
2.2634
2.212%
2,0n56
1.9208
2.7802
2.B687
2.3039
2.2334
2.5849
3.2n21
Z2JTETT
3.1953
2.5722
2.6679
3.len0
2.5543
3.0107
1.9102
2.42705
2.6117
2.6672
2.661R8
2.8702
3.1940
2,737A
3,0962
2.3430
2-8942
2.6212
3.1378
2.7219
242245
2.5528

PLANETS

S 5
5 6
5 6
2 8
2 e
S S
2 8
2 R
% 4
k] 6
5 &
5 &
5 5
5 6
2 8
2 8
2 8
2 8
5 6
2 9
5 6
5 5
5 -]
2 a
2 8
5 &
5 6
5 5
5 &
2 a
5 6
2 8
2 8
5 6
S b
5 5
5 6
2 8
5 5
5 1.3
P 3
2 e
S &
3 &
5 &
2 8
5 &

PO OO AN NS DN S

AL AN OCWN

ot ) -
WORP~NIDW OOPNH AP WN

Ll

~PERSTTIONS

1940
10131
1726
1631
1931
1931
1932
1931
1951
1951
1934
1941
1931
1932
1932
1932
1025
1932
1932

1932
1232
1941
1939
1530
1930
1931
1331
1931
1921
19131

1931
1931
1931
1231
1efl
1932
1939
19232
1939

1947
1221
1906
1232
1532
1950
1232
1933

1949
1954
1652
1955
193%
1950
1928
1965
1961
19614
1965
1965
1956
18656
1962
1966
1957
1951
196%

1964
1965
1952
1962
1968
1969
1959
1967
1952
1964
1955

19563
1959
1960
1957
1260
1952
195A
1964
1954

1961
1957
1963
1954
19¢5
1961
1368
1952

CESTIOAL

36 .0
2.4

180.0 °

5.0
-3.9°
140.0
-2.0
4.1
~60.6
~5.R

1 !
2 |
L] a L &

= A RN

A ow s e e
fo Sl S e RNV Y

o
a
<

1eg.0
-144.0
-6,2
~107.0
_“-9
12.7
2.3

=144.,0"

90.0
12.7

-5.7
~7.0
-4.T
90.0
6.3
0.2
¢0.0
-3.9
-432.0

=1.5
-12.7
-28.5
0.0
=36
G5
5‘6
180.0

La<T

1058
1962
1g52¢
1947
19315%
1932%
19568
1965
1959
1968
1965
1969
1969
19&6
1969
1969
1942
1951+
1968
1966
1964
19¢&5
1969
1969
1948
1969%
1969
1952
1933*
1954%
196&¢&
1969
1967
1953%
1960%
1969
1969
1949
19&7
1958
1967
1969
1965
1968
19468
1968
1566
1967
1968
1970

EPROE CCC

156.9
10.4
4171
32.7
61.2
64N1070.0
25.5
10.8
164.2
15.7
?0.8
T2
32.%
15.1
10.9
10.4
17.2
28,2
19.7
290.0
13.2
3l6.6
429.6
14.6
17¢,.2
l1i.6
30.2
9.9
364.8
1A4,1
55.0
3q000
l&.1
20,0
33,3
196.5
25.6
1.3
212.7
11.8
1149.0
300.0
10.¢
3%, &
T4.1
217.7
11.%
48.9
13. 6
473,.%

25

ER702 K¥3

197.3
22.2
569.4
29.9
67.9
BsTaE8 .4
a7.3
32. 4
259.6
22.8
?79.0
36.9
50.1
I8.4
12.4
9.3
18.9
25.8
17.3
£36.1
9.2
410.7
581.8
13.8
157.6
13.3
48,2
12.7
580. 4%
187.0
66.5
4T1.6
18.1
29.1
21‘9
203.,7
29.8
98,2
256.2
16.0
18490.8
377.9
15.4
34.5
171.8
255.9
17.9
6l.1
i2.1
532.9

LOST

ESTIMATED

ESTIMATED

ESTIMATED

E¥602Fd~0OSIN1



Le-v

STATUS AF NUMRESED MINTE DLANET EPHEMERINES 26

NUMAFE  MAME MOTE AAMEG FPrruH b PLANETS NecnsITIINS RESINUAL  LAST ZRANT S5C EERNE KM3
1251 HEDETA 11.9 1956 MAF a8 2.720% 2 A T 17313 1956 2.4 1963* - 12.8 15.%
1252 CELESTIA 11,8 1962 DFC 2 2,.6934 5 & 7T 1933 1856 6.4 1965 0.0 26.5
1253 FFrICTA C13.3 1957 Jum 11 2.1%278 1933%  320030.0 499309.4 LOSTY
1254 FoFTPDIA 11.6 1962 DEF 2 3.1325 5 6 4 1933 195¢& “12.9 1ee7% 3l." 4G,k
1255 SCHILMWE 11.7 1951 OEC 20 3.154) 5 5 4 1932 194° 324.0 1966 952.1 1470.9
1256 MNIIMANNTA . 10.9 1964 JAM 15 3.9341 2 a8 4 1932 1364 10.5 1967 2243 47.1
1257 MOPA 13.0 1942 DET 2 2.4875 5 6 A 1832 1960 -20.,0 196F 179.6 193.7
1258 SICILTA 11.8 1369 JAN 19 3.1862 z 8 6 1932 1949 5.9 1969 17.8 20.3
1259 DeyeLLR 11.8 195t DEC 27 3.1018 5 5 & 1939 1953 -360.0 1969 103602 157%. 6
1260 WALHALLA 13.0 1933 FFR 17 2.6144 2 6 6 1933 1956 4.6 1967 28.6 313.5
1261 LEGTS 11.9 1962 DEF 2 3.1519 5 6 6 1938 1955 4.2 1963 15.9 24.9
1262 SMIAQFCKIA 11.4 1951 DEC 20 3.0060 5 5 5 1940 1954 -1Rr0.0 19&7 50%9.9 J41.3
1263 VARSAYTA 11.5 1962 OFC 2 246653 5 & T 14948 196l 0.0 1G5L* 219.8 251,72
12&4 LETARR - 10.9 1957 JuM 11 2.8640 5 6 4 1952 1957 5.1 1967 30. 4 4l.1
1265 SCHWFETKARDA E Il.1 1935 ¥AY 28 3,0144 L9RE* 3)0.0 438.0 ESTIVATED
1266 TONWE 10.4 1951 AUG 22 3.3662 5 & & 1952 1956 -&.3 1947 52.1 9.4
1267 GEERTPUIDA 13.5 1951 NDEC 20 2.48633 5 6 7 1038 1¢%sl -180.0 1969 36%.5 3el.@
1268 L IRYH 10.0 1962 DEC 2 3.9209 5 & 10 19318 1948 -3.9 1959 t1.2 23.9
1269 "OLLANDIA 9.8 1957 JuMm 11 3.9382 5 6 5 1950 1955 -5.0 1968 < 3l.1 " 6b.2
1270 DATURA 14,2 1930 mem -5 2,.2347 2 8 4 1930 19572 -5.1 1968 34,2 L 3A0.6
1271 1SERGIMA 11.8 195t Q0EC 20 3.1357 5. 5 9 1830 1953 360.0 1947 A53,5 1321.2
1272 GEFINN 13.6 1982 DET 2 2.781a 5 6 3 1931 1999 930.0 19%4% 182,46 ° 235.6
T 1273 HELMA 14.1 1951 DEC 20 2.39279 5 6 5 1932 19%58B 180.0 19745% 376.6 a80.2
1274 NELEPETIA 13.2 te32 nCY 20 2.2291 2 8 15 191R 1965 -He% 1260 2%.7 2€.5
1275 CIMRRTA 11.9 1932 OCT 20 2.6798 2 & & 1932 1958 6.6 1965 34,0 1.4
1276 UCTLIA 11.9 1951 DEC 20 3.1676 5 5 & 1933 1852 -720.0 1961 ~ 1865.1 29390.2
1277 DNLORFS 12.5 1943 NCT 31 2.6980 . 1968 3100.0 369.2 ESTIMATED
1278 HKEMYR 12.5 1957 Juv 11 2,4037 5 & 5 1951 1959 12.3 1963 4602 47.0
1279 UnRBNDE 13.8 1933 MAY B8 2.1700 2 8 9 1233 195¢ 2.7 19¢6 2E€.5 C 2643
12R0 FRATLLBUNS 1l.1 1962 DEC 2 3.4120 5 ] 5 1939 196A 4.6 1969 - - =12.% 21.7
1281 JEANME . 12.6 1962 DEC ? 2.5593 S & 10 1933 19561 90.0 1989 - 176.3 '199.3
1282 UTTPR1IA : 11.5 1962 DEF 2 3.1218 5 & f 1933 1761 -9,6 1969 23.5 ©36.1
1283 KAMSOMOLTA 12.0 1962 DEC 2 3.71%5 5 & & 1921 1966 -50.0 1966 157.,0 ~  .252.1
1284 LATVIR t1.5 1966 APR 5 2.56450 2 5 11 19332 1966 6.6, 1968 1t.9 18,9
12A5 JULTETTA 11.4 1962 DEC 2 2.9929% 5 & 6 193 19&4 ~T.8 1969 19.4 28.0
1286 RANSCHIFWICZA 11.6 1951 DEC 20 3.0219 s 5 6 1938 1955 10P.0 198*% 281.¢ 412.7
1287 LneClA 12.1 1930 JAN 24 3.0124 5 & & 1937 le57 G.3 1967 32,1 D 57.0
1288 SANTA 12.8 1962 DEC 2 2.8869 5 6 6 1933 1952 90.0 197 173.1 226.8
1289 KUTRISSY 11.6 1951 DEr 20 2.8603 5 5 & 1941 1955 144.0 1987 3=a, 5 538.7
1290 ALPFPTINE 13.8 1951 DEC 20  2.73665 ] [\ T 1933 1955 -180.0 196t 418.8 414.8
1291 PHRYNF 11.5 1957 JUN 11 3,0177 5 & 5 1949 1957 12.2 1969 48.0 TO.1
1292 LUCF 12.6 1962 DEC 2 2.54l19 5 & 7 1948 1965 =-3.,0 19573 11.7 13.2 e
1293 SPMJE 15.2 1962 DEC 2 2.2271 5 5 4 19713 1957 180.0 1952% 447.6 358.1 g
1294 A&NTWEPPTA 12.0 1957 JUN 11 2.6907 5 & 4 1952 1962 3.0 19670 15.0 1°.4 e
1205 DEFLOTTE 11.7 1962 DEC 2 3.3863 5 6 T 1935 1968 . 1.2 196% 7.1 12.3 1
1296 ANDFEE - 12.7 1962 NEC 2 2.4191 5 b a 1935 1959 -2.1 1983% 10.5 10.8 EZ
1297 2JUADEL 12.% 1934 FEB 12 3.0212 2 A B 1927 1955 -6.1 196° 20,0 42.% e
1298 MOCTURMA 11.6 1957 JUN 11 3,1413 5 b & 193&. 1956 ©.0 19486 = 26.7 41.4 =
1299 MCaTDMA 13.0 1962 DEC 2 2.8037 5 6 10 1934 1958 90.0 1069*% 192.1 252.5 E%

1300 MAPCELLE 12.4 1957 Jun 11 2.7822 . ' - 1967 300.0 © 3BT.5 ESTIMATED



Bg-V

Myvo Ep

1301
1302
1303
1304
1305
1308
1207
130r
1309
1310
1211
1212
1313
1314
1315
1316
1317
131A
1219
1320
1321
1222
1123
1324
1225
1226
1377
1328
1129
1310
1331
1332
1333
1334
1135
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1348
1347
1348
1349
1350

MAME

YVOMNNE
WEFE &
LUTHETR S
aency
PONGILA
SCYTHTA
CYMMERTE
HALL FOTA
HYPFRROREA
VILLTGERA
KNOPFTA
VASSAR
RAERNA
peyLR
aPnNNT SLAWA
KASAMm
SILVRFETTA
MED Tup
D7SA
ITMPBLA
wAJUBRR
CRRPERMICUS
TUGFLA
KHYSMA
THAMDA
LPSEKA
MAMANOL)
DIVOTA
ELTIME
SPTRINCNTS
SCLVEIR
MARCPNT A
CFVEMDLE
LUNDMARKA
DEMPULTMA
IFEELAMDTA
GEREDDR
NIPDNMTA
DESLAMEAUXA
YVETTIF
EDMEE
ROAPANTIA
NTCDLE
CAUBRFETA
POTVAT
RMTHA

PATE TR
MICHEL
BECHUANS
RMOISSELTIA

NCTE AARMAR

11.9
12.0
10.5
10.5
11.6
10.9
12.3
12.0
1.3
12.8
12.9
1?.8
13.0
14.2
11.2
L 14.9
9.8
13.2
11.8
12.0
1.2
14,2
11.2
13.7
13.3
12.0
13.0
11.4
11.5
1.6
il.6
11.3
12.9
11.5
1.0
12.1
12.3
14.1
dl.6
12.6
12.1
13.4
12.6
14.1
10.8
12.5
12.2
12.2
11.7
12.2

STATUS NF MUMBESED MINDE DLAMET CPHEMETINEC

1943
1964
1966
1957
1962

1913
1939
1e62
1951
1951

1962
1642
1851
1951
1951

1933
1951

1257
1941
1962
1262
1924
1e51
1934
1962
1e42
1967
1957
1962
1981
1933
19672
1951

1948
1762
1057
1962
1934
1957
1962
1o82
19462
1935
19135
1969
1947
1951
1951

1951
1962

EPOCH

rpo
per
FOV
SEP
neEc
U5
ﬂCT
DEC
DEC
DET
nE"
nEC
nEL
DEq
NEC
BNy
nee
Jun
acT
nee
DE"
JUM
nET
JuL
DEC
DEC
DFr
JUN
DEC
pEr,
rcT
DEC
DEC
uay
DFC
JUN
DEC
pEC
Jud
DEC
NEc
DEC
aee
APR
sFp
MAY
0EC
DEC
DEC
DEC

]

2. T648
3.1262
3. 2046
3.19%5
2.0128
3.1446
2.2502
2.9109
3.2171%
2.3924
24265
3.0997
e 6563
2.729%1
3.2097
2.4107
3,175
2.3076
2.9820
2.9809
2.9417
2.4223
3.1849
2.1847
2+5377
2.6F80
2. TBOL
3.508R
2.517%
3.1851
3.1047
2.0618
2.6323
2.9137
2.242%
2. R506
2.9096
2.2640
3.0234
3.1698
2.7424
2.7888
2.56R0
2.2481
1.9827
26304
2.5743
2.7921
3.0185
2.8580

PLANETS

MU MM AANA AN A AR AN NN N
PR HEVRNCrATHIENFT TR DR DD DD

LLET LR B
[0 - 3 -

Mot aMNpNMN RGO
- AW IRE R s I L N e e O, S N Y

—

[ IR L T - - B R . Y F - JE RV, RTINS

s I

NP PPN LRGN

NepPCsSITINNS

1934
1937
19138
1924
1935
1930
1933
1921
1921
193r
1929
1933
1633
1933
1239
1923
tg1s
1234
1908
1934
1935
1934
1948
1934
1934
1934
1334

1951
1925
1926
1239
1934

1914
1951
1914
1935
1934
1935
1949
1925
1935
1935
1932
1929
19131
1933
19238
1934

1957
1963
1244
1267
1264
1956
1957
1963
1951
1960
1967
1957
1857
1959
1993
19313
1954
1955
1949
1965
1€60
1953
1956
1927
1954
1965
1967

1958
1950
1960
1964
107

1954
1962
1954
1951
1962
1953
1964
1964
1050
1962
1964
1261
1951
1952
1950
1962

PESTOURL

=6.5
-9.3
5.8
-18.2
-4.1
-6,.%
2.7
2.6
90.0
120.0
90.0
0.0
170.0
SC.0
720
=3.7
398.0
1r0.0
7.3
~-3.4
Se3
-5.5
86.4
-l.¢
2.0
20.0
270.0

5.0
-90.0
2.9
9.0
270.0

90.0
=-1.5
-90.0
=5.0
-T-Q
2.1
3.0
20.0
-7.1
9.0
~224.0
~3.4
-34.0
Te?
-396.0
6.5

LAST

1989
1964
19469
1967
196
1948
1967
1966
1268
1960%
17467
1968
1664
19¢R®
19&™
1933w
1959
1967
1965
1949
1964

1968

19869

1969%

1954
1969
1967
1964
12648
1970%
1967
19649
1cgnn
1369
1954 %
1968
1969
19&6
1959
1958
1969
1967
196R
1962*%
1968
1249
1964
1966
1969
1968

27

CRAOR S50 EPPNR 1M}

26.7
2l.%
1401
40,2
12.8
4.1
26.1
1n.2
23T.7
3779
153.0
196. 6
391.5
190.0
213.9
540010.0
2g7.4
428.0
- S
11.4
i6.1
4P, 4
332,2
3%.0
10. B
162.6
T 455,7
390,0
14.7
224,2
20.2
21.9
59, D
30.0
222.5
10.7
221.5%
35.3
20.5
10.7
11.9
147.8
35,3
41.4
39%.4
16.5
101.0
27.3
1328.4
17.6

34,1
33.0
22.6
3.9
1R, 6
£3.0
23.7
14.1
382,0
351.3
158.2
299.2
470.0
178.3
342, 6
654381.0
1551.8
405. 6
7.9
i6.3
22.6
43.9
526.1
33.5
12.0
196.5
588.0
544,
17.2
355.1
10.9
32.8
705.56
“16'1
200. 4
14.3
3006 .6
32.4
30.1
16.8
15.0
156 .8
40.1
37.%
454,77
19.5
115.3
35.5
19413.,5%
23.8

LOST

ESTIMATED

ESYIMATED

£V60C ¥~ OSIN'T



65—V

NUm3 FO

1351
1352
13153
1154
135%
1356
1357
1358
1259
1360
1361
1362
13563
116%
1165
1356
1387
1368
131469
1370
1371
1372
1372
1374
1375
1374
1377
1378
1379
13189
1381
1392
1383
1384
1345
1376
1387
1388
13189
1350
1391
13222
1393
1394
1395
1396
1397
1398
1299
1400

“AUC

UIRFKTISTANTA
WAWEL
MAAF T JIF
ATHE
MAGNERA
MYBMZA
KhEMA
GATKA
PRTESKA
TAPK A
LEFUSCHMERT A
ARICUA
HETAERTA
SLFARS
1928 FK
proermyn
1934 NE
NUMINTA
NETANTMA
HFELL2

REST
HARFWAC Y
CINCIMNAT]
15MPA
BLFEEDA
MIFHELLF
RNBFFPAUXA
L Fﬂll(‘ F .
LOMENDSSPVA
VYILPNDTA
OANURTS
GHEF T
LIMEYRRTA
KNTERTJE
GELRTR
STﬁCEETﬁ

K AMA
APHENNITE
NMNTE
ARASTUMANT
CARFLTAR
oyFoEE
SPEALY
ALACR
AQTRFDA
AUTEMTQUA
UMTETSA
DRNMFER
TENFRIFFA
TIRELS

AAMAR

ll.l
12.4%

11.2
12.2 .

13.9
11.4%
10.7
12.9
11.0
12.5
12.0
1.5
12.17
12.0
13.3
11.3
16,73
12.0
i1.5
15.0
12 .4
12.8
14 .3
14.8
12.9
13.8
14.3
13.7%
12.2
13.2
11.0
13.6
12-0
12.9
12.0
14.8
14.4
12.0

12.6

10.1
132.0
13.0
13.2
12.9
12.8
13.1
12.8
11.5
15.3
13.0

$TATIIS IF NUMBEDED MIMNAD B ANST EPHEWSCINES

1951
1982
1957
1933
1951
19¢3
1949
1962
1957
1951
1935
1341
1751
1982
1928
1987
1962

~1951

18962
1335
1562
1963
1941
1951
1962
179672
195)
1962
1962
19356
1951
1767
1951
1951
1951
1925
1025
1951

1951

1966
1940
12138
1951
1951
19356
1952
195t
1962
1936
1962

cprry

nNEr
DEZ
Jupr
JAN
DEC
JUL
MOV
nEr
JUN
DET
SEF
T1
OEC
ncr
Leo
nE”T
NEC
oFC
nee
<FP
GEC
nec
J AN
nEC
per
DET
AD?
DFT
DEE
Mpo

nec.

nEr
DEC
OF"
OFZ
ryn

[

3.1949
2. 7788
21,0128
3.1278
1.8511
3.0RL1
3.1772
2.6740
3.1166
2+.h334
3.0R72
3.2807
?2.9MD6
22,2118
2.24RT
248740
2.3443
2.5220
21,1089
2.2511
2,217
2.7674
2.4111
2.7506
2.72277
2.2602
2.775%
2.52687
3.145%4
2.4917
2.2202

.3.0756

2.6T6R
2.7409
2.36487
2.2583
3,917
2.96%8
3., 4345
2.5490
2.60f5
2e4432
2.4288
3. 2007
2424682
ZHR2D
3.1582
2.2160
3.1141

PLANETS

AANNMN AN T AAAN IR AN A RGN TN DA

WA A oen

GO
5 &
5 &
2 F
5 &
2 A
2 8
5 &
5 &
5 8
7 8
2 R
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2 8
s 6

DI ETCNRRVNIOCLPTPIFFTDIIOD®BIET OO

rwx ™

AN S NW =AM PR A IR QDY DO

e dND ST DT

MNh DL

PRPNGIT T ANS

1935
1935
1950
1930
193%
1935
1935
1951
1939
1335
1935
1935
19735
1037
1978
1939

1948
1233
1935
1933
1¢35
1935
1935
1939
103%
1¢36
1940
19408
1936
1934
1934
19734
1541
1741
10139
1215
1943
1935
1935
1736
1936
19%6
1940

1936
1949
1936
1936
1936

1953
1951
1964
1052
1955
1963
1967
1966
[o63
1957
1161
1354
1954
1960
L9462
1984

1963
1667
193¢
1968
1969
1949
1955
1968
1998
@53
1942
1¢65
1938
1952
19&8
1962
1564
1956
1725
1962
19573
1052
1965
1927
ta54a
1959
1758

1963

1r6 2"

1958
1956
1968

FECTMILL

-J

ol |

[>Tt )
FRLE B L e B VI PRI A
N L

R e TR e S R X SN R IS e |

~ 1 O
Nfer O -

LreT

1966
19458
17469
1¢68
1955
1969
1968
1966
1947
1949
1GAL R
1969
1954
1ess
1969
1966
19568*
15A"
196
1935¢
1968
1969
1949
1367%
1969
1948%
1967
1919

1968 _

1966#*
1969
1969
1962*>
1949
1366
19494
1069%
1966
1960%
1966
1965
1569%
1947
1965
1966
1969
1962+
1969
19469
1969%
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ErRDF SEF EGFMNR KM3J

1a2,2
Q.9
13,2
17E8,8
41315,7
12.7
2444
11.°
2.1
205,44
1.6
ig.1
1R86.7
14, 4
2B.6
1l.1
320070.0
sot.3
156. 4
6£53000,0
22.5
13.5
2546
221.6
14.4
198.3
13.9
24,2
25.2
139.0
Tl4a.4
14.0
192,46
36%9.0
196.1
40n.9
313.3
375.6
252.2
R.9
35.4
240k
ARG,
295, 2
inn.o
173.2
271%.0
14.1
33.7
10.7

305. 8
12,7
19.3
306.6
269.1
16,2
38.9
12.7
12.4
263.2
LT, 4
29.4
257.2
21.0
75.9
15.1

311790.0

553.0
23<.1

580347.4

36.1
17.3
51.7
200.9
-15.1
176.5
12.7
2442
27.3
216.2
T7?2.4
14.2
515.%
449, %

24T .4

396.4
30.3
569,.2
341.0
15.7
39.8
28.7
400« %
A08. 4
478.5
156.7

" 340.3

]

22.0
29.7
16.4

LTST

LOST

ESTIMATED
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NUMRER

1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1416
1415
1416
1417
1%18
1219
1420
142%
1422
1423
1424
1425
1626
1427
142p
1429
1420
1431
1632
1433
1434
1435
1436
1437
1430
156139
1640
1441
14462
14473
1644
1445
1446
1447
144R
1449
1450

MAME

LAYOMNE
R Y
IpELSOrTA
A JAX

1238 °F
KOMPPA
LINDNFLDF
TOYSAMNDA
1 SKD
MARGRET
RZ3UNA
LASPULA
RAYCALTE
JEENuE
MAL AYTRA
PENBUNX S
WALTMSKTR
FAYET A
DANZ TG
QANCLTFFE
ESPER ANTN
STRCOWLPENTA
JOSE
SUMDMANTA
TUDRLA
1937 GF
PUVUMA
MOMP ASA
PCMAA
1937 NK
1937 na
ETHINPT A
GFOAMTINA
MARCAT
GAPL FNA
1936 Y@
NTOMEDFS
WENGEL INE
VRGTL S
RNETTA
ACLYAL
SPCVINA
ZUoD THA
1938 2AF
KONKDL YA
1238 PRA
UTPR
LINDRLADIA
VIRTAMEN
RAIMOANDA

MOTE ARMAG

12.9
14hab
13.7
10.3
1%. 4
12.6
12.4
12.1
1.0
12.5
12.0
13.7
12.5
11.8
13.5
11.8
12.4
13.1
17.9
12.0
11.5
13.8
lzl6
10 -B
12.9
1.2
12 .0
1.6
13.4
13.3
12.6
13.4
lz‘q
11.5
14.8
11.5
9,2
12.8
11.2
12.9
16,2
12.6
12.“
12.2
12.0
1&‘0
12.9
14,4
13.8
12.6

STATUS TF MUMBECFD MINCR TLANET COHEMERTOFES

1962
1936
1936
1964%
1938
1942
1957
1962
19556
1962
1962
1937
1953
1937
1262
1962
1942

1962
1964
10562
19462
1943

1951
1957
1637
1917
1942

1957
1962
1951

192
1962

L9557
1962
1937
1951

1964
1951
1952
19&£2
1941
1955
1938
1951
1951

1933
1951

1942
1929
1962

EBCCH

NEC
AUG
SEP
JEN
~CT
J AN
SJUN
NEC
W ﬁv
DEZ
NEC
JAN
FER
MAR
DE®
DEC
nEec
DEC
NPy
NET
ner
orT
DEC
JUN
MEY
poR
NPy
JUN
DEC
ngr
ofC
nec
JUN
DEC
JAN
DEC
Jaw
DEC
OEC
necC
orT
AUG
FER
DEC
DEC
FER
ner
MAR
M AR
nEC

2
20
9
-]
19
1

11
2
11

M3 B

A

2.2266
2.AR25
2.7T197
5.20R8
2.2515
2.6971
2.7653
3.1109
2.6759
3.0209
3.0n82
2.2147
3.0219
2.T8b64
2.2232
3.01R9
2.9737
2.2418
2.7922
2.74R4
1.0906
2.2672
2.8590
3.1843
2.6113
2.5B0OR
2.749%
2.8092
2.5483
2.5581
2.60190
243809
2. 1871
J3.0183
2.6471
3.1454
5.0826
3.1501
31,9810
3.1527
2.6320
2.8745
2.0395%
3.1638
3.1143
2.2460
2,548
2.3722
22228
2.6112

PLANETS

VMNMNARN AN BAAN AN AW AORD AN AR AI RN AR VNV RN R D R AW AN R RN A

ConPTrottrvODECrrRNEROeIP DN DR ORI Do DD O

DVWAWRW PN PROLTNOPSIFCNRP NV DICRL OISO DNP DN N

AEPrSTTINNS

1935
1936
19346
1936
1336
1936
1342
19356
1937
1937
19137
1237
1937
1937
1938
1940
1937
1937
1938
193y
1936
1938
1939
1937
1237
1920
1917
1949
1537
1937
1937
1939
1350
1951
1936
1640
1927
1931
1937
1937
1917
1937
1237
1938
193R
1738
1938
1938
1938
1934

1984
1849
19358
1964
1951

1954
1954
19¢2
1966
1958
1956
1260
1964

1951

1257
1261

1€63
1967
1964
1667
1955
1963
1954
1962
1958
1959
1957
1958

1957
1962
19513
1959
195%
1964
19313
1252
1963
1939
1950
1254
1954
19466
1956
1950
1264
1958
1959
1349
1956
1966

RESIDULL

an.n
-3.4

1
~ M

F 1 00 1

]
LI AW ON D PFPOERNW O~ DD

e
-}
4 % 4 4 6 e # 3 4 § 8 + & & &+ & K 4 @ 4 w O &

GO0 Ww DI IV I RSO TONDIDI PO D

(R

90.0
90¢0

2.3
90.0
-3.1

5.6
-q.b

LAST

1945
1a4C%
L9466
1964
1948
19465
1948
1968
1969
1969=
19686
1870
1969
1951e
1967
1969
1968
1969
19¢4
1967
1949
1961
1968
1968
Lesn
1947
1969
1961
1966
1966
1967
1969
1967+
19¢%
1¢3g
19467
1248
1939+
1949%
1o54%
1956%
1968
19469
196%
1969
1969%
1968
1966
1969
196R

29

ERR™E SEr pRDFR g3

168.0
28,0
123, 4
8.7
39.1
31,8
53.9
8.4
13.9
2N2.6
Z218.6
32.6
14, -
20.A
21.9
19.5
13. 6
22.9
10.7
230.7
16.3
2R, 9
00,7
12.2
25.4
82.1
136.R
S1.8
4tl1.0
527.6
267.7
13. 6
245,11
199.3
66.5
350.13
R.5
1020.7
6.5
121.18
2442
159.9
107. 4
3')302
174.5
71.8
202.2
24T
23,5
22.1

149.3
34,1
1%3.9
265
35.4
%1.6
59.0
12.8
16.9
296. 7
317.5
28,7
20.8
26.9
19.4
?B.6
12. 4
720.6
10'0
331.1
2446
Z26.1
74,6
13.2
29.7
95.7
173, 5
67.9
46142
595.6
290.7
10.8
317.4
2%71.5
T3.2
545,.7
25,1
1620.2
12.9
120.0
2B.6
217.2
151.0
483 .4
267.3
19.7
224.9
T 2446
29.7
25.8

ev606+I-OSIN‘T



N
¥

18-V

NMAED

1431
1452
1453
1454
1455
1456
1457
1453
1459
1460
1461
1462
14473
1444
14645
laés
1467
146R
169
1470
1471
1472
1473
1474
1475
14T4
1477
1478
1479
1480
14R1
1442
1483
1484
1435
1486
1447
1488
1489
1690
1491
1492
16973
1494
1695
1496
1447
1498
1499
15490

MAME

Gearn

1938 07Y
FEMMTA
1936 D7
MITIHELLA
1937 vG
ANKERA
MIMEURA
MAGMYA
1937 w0
JEAM-JACOUES
1 AMEMHICF
NJSHEMMARKTA
ATMTSTICTA
AUTONCMA
MINDLFR TR
MAGHMME
10MP A
LINZTA
caspLa

1938 Sl
193R UA
1938 Ur
RETO A
YALTA

1936 RA
AOMSPNEFFTA
VIHUIRT
INKFE Y
AUMUS
TURTNGTA
SERASTTAMA
MAKDT A
DﬂSTbEMA
TSA
MERTLYN
anna

1928 XF
1939 GC
LIMPOEN
AALDUTHNUS
poeQLZER
SInRID
SAye

1928 €W
TURKY

193R 5R1
1938 K]
1938 UF
1938 UM

NDTF ARMAG

13.9
13.1
13.8
14.3
14.5%
11.9
12.5
12.5
12.0
17.8
10.8
2.2
12.1
12.4
12.2
14,1

9,9
14.6

1140

12.3
12.4
16.0
13.6
i2.0
14.2
1%.9
12.4
13.6
12.5
14 o4
11.9
12.2
12.7
12.3
12.6
14.6
11.8
12 .l
13.1
12.8
12.7
la.4
1?2.7
14.0
13.5
11.9
13.0
13.1
12.7
14.5

STATUS IF MNUMPREEFD MINDE PLANET EOHCMERINES

1°38
1949
19545
1540
1962
19612
1951
1951
1962
1941
1957
1933
1957
193¢
19%7
1933
1957
1951
ras5}
19672
192313
1939
1942
1241
1941
1962
1942
1934
1937
1938
1951
les2
1951
1964
1962
1924
195]
1339
1939
1962
1662
124]
1362
1940
1941
1938
1933
19338
1942
1943

EPOCH

MpT
MpO
T
arR
pec
REC
DFC
DEC
DEC
neT
JUM
FER
JUM
DFT
JUN
MLy
JUN
SFP
3130
DEC
neY
MOV
NOY
JAN
JAN
DEC
cCcT
Fea
MAD
MER
nEC
DEC
NEF
NEF.
DEC
rUG
FERB

MAY

MBY
DEC
DEC
FEB
DEC
AFF
“AD
neY
neT
ney
AUG
M AR

A

242034
3.1108
1.83¢&9
2. 3849
270662
3.1340
2.H970
2.6252
3.1563
2.5410
3.1242
3. 145D
3.1354
3.00198
2,029
2.3776
3. 131810
2-19%6
2.1249
*,1599
2.7184
2.2339
2.5742
247329
2.34%98
2.26816
3.175%6
24640
2.6754%
2.2023
3.0183
2+8728
2.T7T173
2.7347
31.028013
2.1948
3.13¢60
3.0389
3.1740
2.3521
3.1917
2.1727
7.41308
2.1905
2.6394
2.205%
2« R94]
31.0944
2.6T06
2e2422

FLANETS
2 ]
2 a
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2 B
5 6
5 &
S &
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5 &
2 8
5 &
2 8
5 &

RN RN ARANAN AN AN AN NN NN N IR N

ERCPROER DR PO TRErEPDEBANDED

NN DOCLEREVER N SR T AN PO S AW Dy P

OpENSITIONS

L BTNV AE FIE BN o, I ol o APV VS

i=3Q
19114
13348
1936
1937
1037
1947
1950
t9ay
1937
1251
1938
1924

1923
1948
1938
1942
1338
1031
1931

- 1934

1535
1935
1936
1938
1938
1o23
1938
1932
1933
1938
1938
1938
1938
1938
1938
1¢3%
1337
105%
19348
1549
1238
1538
1938
1933
1933
10338
1938

1562
1954
1965
16951
1947
1260
1963
[o¢2
1565
1953
1963
1861
tasn

1953
19563
1951
1¢813
1055
1563
1954
1754
1350
1953
1957
195%
1961
1960
1951
1959
1564
1956
168
1954
1964
1951
1955
1950
1954
1951
1957
1957
1951
15963
1957
1952
1954
1955
1958

FESTDUAL

- 4.0

5.9
~3.0
180.0
-lE0.0

~3.3
2.5
45.5
=63
90.0
~hal
6.9
..0.2
~l4.4
180.0
-11.9

1
i — - {14
S NN O
. .

1
[l V]
WEh e P 0 I

4 % & % 8w 4 % 4 4 4 = 2 4

SO MR~ NRNSTFTINADN GO

f

LBST

1964

1969%
1965

- -1965

1968 ¢
1666
1959
1967
1968
1965%
19468
1469
1969
1968%

- 1966

1es7
1968
1951%
1964
1%9h4
1969
1968+

19566 -

126A%
1946

1967

1967%
1969
1669%
1969
1967
1969
19489
1769
1965
1964
1962
1969
1947
1969
1961 =
1964
19618
1969
1568
1967
1968

© 1954%

1967
1958%

0

EQROF SFC ER2LCR KM3

32.4
34.3
15.0

S 262
3E6.5
1a=e,2
239.6
579.1
220.3
24.1
23.2
72.8
2€.2
230.9
1)0.%
22.5
19,3
19.8
537,54
4ADL6
30.0
22,4
15.7
157.4
31.2
207.9
23.2
34.2
31.4
B CP
368, 4
27.1
- 223.9
n 2
10.9
27.°
31.0
28.0
TT7.3
24.9
40. 4
in. 6
[7.46
c.122.5
5T.4
28.2
2t.1
17.3
31.8
23.3

28.2
52.5
a,n
25.9
331.!
300.9
294.7
6R2.1
500.6
26.9
35,8
114.8
40.6
435.13
440.1
22.4
32.%8
17.2
920.0
721.1
37.3
20.9
22.5
197. 6
30.5
1%3.1
36.5
36.3
38l 2
64.9
539,0
3.7
27n.nR
10.4
16.1
24,2
48.0
4l .4
121.9
24
b4, 2
26.0
18.13
10%.7
682
24.7

35.8

26.2
38,5
21.0

TSTIVATED
ISTIMATED

SF60e P~ O8N



ce-V

Nimacp

1531
1502
1503
1504
1508
1506
1507
1598
15039
1510
1511
1512
1513
1514
1515
1516
1517
151AR
1519
1520
1521
1522
1523
1524
1525
1526
1527
152RA
1529
1530
1531
1532
1533
1524
15135
1536
1537
153R
1539
1540
1541
1542
1543
1544
154%
1546
15647
15458
1549
1550

NMAMKE

1928 UJ
AOEMDB
1933 XD
1939 M
KMa 2 NNA
XASA
1939 PN
to1a uo
£ SCLANGAMA
1930 nc
NaLEa S
oL
1940 t8
eTECLIXA
1936 VG
1938 RG
AFEMNLRAD
1938 U
1938 U8
1933 0y
1938 ‘UR)
1938 Wn
iez1 P
1938 SR
1039 sr
1939 TF
¥ALMAUTSTA
CNNE £ DA
1938 ®rr
1938 S¢
1938 S¥
1938 M
1232 @ap
1935 RK
1939 Pr
1239 SF
1940 04
1949 PF
1940 un
1938 WK
ESTONTS
1941 OF
1941 $J
VTINTERPHANSENTA
1941 Uw
1941 $61
1929 €1
PALOMAR
MTKKO
TITO

MOTE ARMAL

11.7
17,8
11.9
13.0
12.%
13.3
14.7
13.2
14.1
12'6
1.2
10.5
14.5
13.6
15.0
13.0
12.2
13.8
17.4
11.7
13.3
13.7
13.4
12.0
13.7
4.8
13.7
12.6
t1.3
1%.6
12.1
11.9
11.9
13.0
12.9
l4.6
12.2
15.6
12.1
1.9
12.6
1t.8
3.7
13.0
12.9
11.8
12.8
12.8
13.7
13.6

STATUS 1F NUMBFRED MINDR DLANET EDHEMCE IDES

1933
1957
1933
1929
1933
19562
1939
1962
1957
1951

1959
1942

1940
1951
1934
1951
1951

1923
1960
1923
1933
1937
1949
1962
1939
1939
1962
19862
1923
1913

1957
1951

1962
1957
1939
1939
1957
1949
1957
1957
1939
1962
1941

1941
1941

1962
1944
1935
1937
1937

Fency

nor
Jun
DEr
2 PR
vay
DEC
T
DEC
JUN
DET
M AD
NNy
MaY
nee
NOV
nrrY
NEC
rrY
neT
DEC
pry
DEC
JAN
DEC
nEL
nrr
DEC
DEC
F£B
neT
JUN
DEC
DFZ
JUN
neT
ocT
JUN
My

JUN

JUN
MAR
DFC
SkP
MDYV
rcY
OEC
AUG
JUL
MaR
nEC

29

[

2.59471
2.7321
2+ 263
2.39a8
2.6%86
2.5667
2+3315
2. 7682
1.8564
2.6695
2.1579
1.,9332
2.1928
2.2405
2.5653
2.67728
2.7174
2.225%
3.1432
3.1072
2.85013
2.3679
2.2422
3.1100
2.695%
2.3152
2.22T4
2.4146
3.997%6
2.2487
2.629%
3.0056
3.0191
2.71321
3.1519
2.2044
3.0458
23610
3.1412
2.8511%
2. 7691
3.0918
2.6274
2.3735
2.7718
3.16T4
2.6455
2.7T886
2.7305
2.5483

PLANETS

LUELS IS Y NI CR Y VY Y |

2 8
5 &
2 8
2 a
2 8
5 ]
e ]
5 6
S 6
5 6
2 B
2 8
2 a
A 0
2 8
5 &
2 B
2 8
2 Q
2 8
2 8
2 8
5 6
2 8
2 R
5 )
S 6
2 8
2 8
5 6
5 L)
5 b
5 -]
2 8
2 8

DEDNP DB

ot

=AW PAPN AV DS

W ARV WIS NDR,Nr pw DD

BDrOECPWRT L@, P

SPOrSTTINNG

1530
1551
1915
1939
1939
1939
ig3a
1935
1948
1953
1928
1930
1940
1939
1936

1934
1928
1228
1e38
1933
1938
‘1919
193t
1930
1439
1932
1929
1938
19238
1951
1936
1236
1932
1933
1903

1951
19348
1939
1951
1911
1919
1941
1935
1929
1935
1937
1935

1950
1240
1361
1955
1956
1948
1957
1958
1957
1954
1955
1965
1952
1953
1934

1958
1560
1960
1960
1959
195%
1957
1966
1257
1953
1965
1955
1952
1965
1961
19561
1960
1962
1956
1957

1959
19560
1950
1963
1958
1952
1952
1952
1953
1259
1562
1959

IESTNLAL

LAST

1950%
1252
1947
1965
1967
1968«
1964
19247
1945
19457
1958
19656
1963
19466

“1950%

1956
196~
1960
1966
1e65
1969
1657
1964
1969
1op)*
1967
1949
1967
1968%
1065
1967
1959
1967
1962
L9&6
1967
1967
1969*
1966
1964
1949
1968
1858%
1963
1555%
1959
1968
196A¢*
1965
1965

31

ceoQe STC EROQP kW3

224
21.9
22.9
34.8
27.8
13.2
20.0
G.1
34,2
1179.0
19.5
20.7
78.0
267T.3
108,7
3120.0
303.9
il.2
16.1
103.5
19.9
29,8
43.0
17.0
20.6
6.5
20.6
200.0
26.0
25.2
42.2
1¢t.2
185.4
342.3
22.5
22D
300.0
300,0
23.5
2l.1
A20.4
22.0
33.2
52.3
157.0
432.4
56.5
24.9
22.1
44. 8

123.4
352.,9 SSTIMATED
477.9
21.7
25.0
i52.0
76.7
29,5
38,7
26.0
25.3
25,1
18.3
205.1
55.5
22.9
49,8
§25.1
271.4
42%.8
35.1
19.6
444.8 ESTIMATED
295.9 ESTIMATED
6.5
2€.3
472,.7
33.4
39,2
52.1
20t.6
T13.5
6T.4
32.3
19.7
50.3

E¥602¥d-DSINT



&6~V

NyvR =8

1551

“1852
1593
1554
1555
1556
1557
1558
1559
1560
1561
1562
1567
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1675
1576
1577
1578
1579
15A0
1581
15492
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1500

MAME

ARCELAMNDER
RESTFL
SAUFRSFELNA
YUunrsLavia
DFEI2M
WINAPLFTA
CNEMLA
1947 20
1747 AF
SYCATTONTA
134) CF
1943 FF
MpEL

LR R N7
1948 Wi
TrAeyc
[94l N
ATSLEFRN
[ATARE
acymAmMY p
1950 .}
POSMNAMTA
VATSALR
MTYED
WIMNIFRED
FARTO™L B
1a4c B2
KToKWOMD
1949 0
BETULTA
AAANMETADA
MARTIR
ANTILOCHUS
FuUg!

UNTDM

1939 rJ.
1233 FX1
NEST PMISADA
FAYATICR
TSINLKPYSKAJA
RATZE

1051 LA
1951 LR
DANOM
1930 ME
195] EV
1949 FA
PALMPQUE
aTOMUS
1547 ucC

MOATE ASMAG

13.7
12.6
12.7
12.7
l? ‘S
11.3
12.2
11.5
13.1
12.8
12.0
12.4
13.8
12.1
13.7
17.7
10.9
13.1
12.4
12.9
13.1
11.3
12.9
11.5
13.9
11.8
15.2
11.7
11.0
15.86
11.2
13.1
9.8

12. 4

11.8
12.5
12.9
12.?
13.3
13.1
13.3
12.0
14.6
13.5
12.6
1.9
13.4
14 .4
12.3
14.3

STATUS IF NUMRECER MINOR DLANFT EOHEMECTDES

19462
1933
1968
1951
1941
1982
1957
1951
1942
1951
jas?
1980
19413
1662
194%
1949
1941
1947
1057
1948
14590
1947
1969
1947
1950
1948
1954
19590
1944
1969
149590
1953
1950
1949
1948
1943
1962
1957
1950
1951
1951
1951
1951
1952
1935
1951
1951
1959
1957
1948

gpory

nEc
MAR
ree
DEC
SFe
nFC
JUY
nEc
£ER
NEC
JUM
MEY
MAR
NESD
Man
JUN
APD
JAN
JuM
SEp
A DR
JAN
SEP
JEN
Apo
see
MpE
nEC
SE#
MAY
JuL
JUL
[l
MAR
SEP
MAPR
nes
JUN
nlol &
pec
JuL
Jug
JuUL
gge
e
AEC
neEr
JUL
JUN
FER

Iy

2.3c40
3,00960
2.0076
2.6206
Z.h904
3.4140
3,00E3
3.2197
2.3904
2.68%4
3.1742
2.2268
72.1913
31,1447
2e397348
1.0777
3,2179
2.23521
3.i6349
Z2.64137
31.1380
3.1075
2.3703
3.5338
2.3152
3.1366
2.2312
3.9584
3.4317
2.19%6
3.1695
2, 1706
5.7765%
2.3755
2.9294
2.4291
2.9452
3.0295
2.4177
2.2295
2.2925
2.7&07
2.2241R
2.64620
2.08917
2.94%0
2.3218
3.1379
1.8491

PLANETS
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5 &
2 8
2 a
5 &
2 8
S 6
5 6
5 6
2 8
5 &
5 6
2 a
5 5
5 &
? 8

oD B DD omDPmOB oo D PR
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m\n.ab-uru-_num-ims\-qm-dm-lm:--a-ammc-ao-t--lwcr - ~n

CPoCSvTICHS

1938
1933
1940
1952
1032
1942
1930
1937
ez
1950
1242
14936
1930
1533
1946

t9nt
19464

194R .

1548
1950
1952
1949
1950
1939
1939
1949
1949
1948
1950
1743
1950
1950
1927
1967
1939
1933
1951
1335
1936
1951
1551
1951
1949
1930
1934
1242
1550
1350
1947

10¢4
1962
18
1961

1961

1058
1958
1760
19¢1
1959
125
1960
1953
1253
1955

1994
19517
1ena
19=8
19513
1960
1956
17546
1948
1959
195h
1957
1257
1263
1965
19546
1955
1962
195T
1959
1959
19583
16858
1956
1554
19%7
1961
1952
1350
1962
1954
1569
1955
1961

CRESTDUAL

12.2

7.8
-11.9

-
g
L] L]
o-a

¥y o

-

f

i
NAWASOQDT I DT mwWwWihpwhe 43
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P oD e

]
PO T T )

1
-~ 1
.

o
[»+]

.
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]
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MNMOWO oM
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Do SN~ 2

LAsST

196°

1967
1968
1959 -
1967
1758%
15606
1969
12567
ie60
1962
1961
1969
1569%

1964

1968
1968
1964
1959%
1969
1e67
1965
1967
1o86
1956,
12865
196R
1968
1967
1963
1969
1967*

.-1969

1965
1949
1964
1969

1263w

1969
1 9ab
1966
1965%
1641
1e62
1958
1965
1954%
1969
1955*
1969

32

ERRQC SFC ERROF kM3

14.6
?6.13
1.9
369.1
2T.%
1P. 4
1346.8
192.1
73.3
ARY.0
33. R
37.2
182.1
17.6
41.9
10.0
58.7
27.1
21.9
5549
25.5
39,32
44,4
1.0
30.0
25.0
18.6
2246
27.7
32.3
18.1
24. 95
40.2
21.9
45.5
30.8
16.0
6648
71.3
217.2
51.3

24.3

286
. 3.4
237.0
20.%
930.7
10.7
60. 2
21.6

16.7
19.4
16.5
422.6
33.6
3z2.3
271.9
309.0
94.1
B&40.6
13z2.0
33,1
12T.2
27.3
42.3
-6
94.3
26.6
43.8
T4.7
41.1
60.0
66,1
{48.8
29.9
38,8
16.6
48.5
49,9
28.0
20,5
3g.b6
124.5
21.1
63.6
31.%
171.9
98.2
73.2
192.6
51.8

1.2

25.4
28.9
282.0
28.1
1314.3
10.3
93.2
13.3

ESTIMATED

SP602¥d- IS
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NUMAER

160}
1602
1503
1604
1698
1606
1607
1508
1409
1519
1611

1h12

1513

1614
615

1616

1617
1618
1619
1620

1521

1422
16213

1624
1625
15426

1627
1528
1429
1630
1431
132
1633

1A34
1635
1436
1537
1638
16729
1640
1641

1642
1543
1648
15845
1646
1647
1648
1649
1650

MAYME

DATEY
TMNT AN
NEV R
1931 FH
1235 GA
1950 &4
1950 RA
1551 #7
1951 ML
WTANAYA
PEYER
dioncE
1950 SO0
1552 Ha
1950 PwW
1950 £8
1952 FR
1948 NF
UtTh
GENRE APHNOS
pRUZHRA
1952 FA
194R PL
1931 TT:
THE ~ORC
SADEYR
TveR
1923
PECKFPR
1957 DA
1976 TH
1941 DF
1929 EC
1935 9P
1724 OW
1935 U$
1907 ¥T
1912 ©°X
195t RR
151 DA
1935 NJ
1951 °U
1951 PO
RAFI TE
1333 )
1939 RG
MENFLAIIS
SHAJMA
1951 DF
1937 TG

MOTE A°MAG

13.7
12.2
12.1
t1.8
It.a
12.8
12.9
13.7
12.0
14.8
11.9
12.2
13.0
11.8
1l1.5
12.4
12.1
12.7
12.9
16.0
12.9
13.5
11.9
xl.g
1.1
1%.7
14.2
11.7
14.1
12.6
13.7
12.7
11.6
l2.6
12.R
13.5
11.4
12.9
12.3
14.7
12.5
12.5
13.8
12.2
12.7
13.8
11.5
13.0
12.7
12.3

STATUS IF NUMARFRFEDR YINJR CLANET E2HEWEIINES

1943
1967
1915
19462
1936
1959
1962
1957
1951
19229
1953
1950
1950
1952
1947
1954
1954
1963

1953

19619
1976
19572
1948
1931
19053
1927
1957
1957
1942
1952
1936
1941
1929
1935
1924
1959
1936
1954
1951
1951
1957
1251
1951
1935
1933
1919
1459
1952
1951
1937

EPACH

sep
MEY
o
DEC
JUN
ALIG
DEC
JuN
NOY
SEP
FER
Fep
cev
ApR
DET
JAavy
133
JuL
neT
MBY
ocTY
APR
SEP
neT
SEP
JAN
JuL
¥ a3
Fce
MAD
Ney
MBR
VAR
ANG
toR
FER
NrY
SEP
orT
SFP
Jun
ore
nrT
neg
SEP
JAN
JUN
({al"
FESB
NPV

»

22342
22443
2. 7552
2.n262
3.0145
2-6BR9
2.5456
2.5849
2.2024
3.2006
3.10213
2. T2T7
2.9960
3.117%
29116
3.14910
2« ABT2
2.2410
l.2430
Z2.2300
2.2 344
A.1247
J.1T42
3. 1663
2.3645
1.9647
3.0143
2+2380
3.0299
2.2353
2.6551
3.1686
2.2456
2.8526
2.235N0
3.0679
2.T482
2.5753
2.2890
3.0174
207543
2.4R899
2.54586
3.0562
2.3607
S.222%
2.23270
3.0205
2.4358

PLANETS
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ABONETITICNS

1942
1250
1907
195!
1231
1928
1550
1951
1934
1eZR
1 €50
1a3g
1329
19219
1926
1980
1¢52
1948
1926
1951
1826
1942
1948
1928
19029
1927
1929
1923
1942
1924
1528
1941
1929
1gz8
1924
1950
1907
1912
1935
1951
1930
1940
1933
1935
1932
1937
1957
1934
1930
1906

1956
196~
1762
1954
19452
1954
1966
1961
1657
1954
1953
1261
1959
1957
19561
1254
1e58
1958
1862
1955
1962
1960
1260
1954
1957
19%6
1657
1957
1953
1963
1966
1956
1ec7
1995
1955
1955
1962
1954
1959
1958
19496
1955
1955
Y957
15548
1259
1952
1955
1955
1955

RESTDUAL

-63.8
5.0
31.5
2.7
396.0
180.0
_n.l'
9.5
-7.3
6l
-5.64
7.9
-32.7
-19.9
=55
-2.6
-23.4%
2ok

5.9

1N
a & & % & ©o w & =
PRMNONYIPWSID WO = P O w0 WD

L I S |
L

1 i
[ Y]

1
1 0
PWNP = VPPN P WO PNN N W =D

& F 3 4 % B 3 % 4 ®

LASY FEFPRAR SE(
1969 129.7
1968 14.0
1969 b7
19569 11.2
1947 1200,5
1963 403.9
1066 21.~
1967 33.0
1966+ 25.1
1964 313.4
1963 57.1
1959 24,7
1970 T2.%
1969 ) 4B.7
1964 18.9
15¢2 23.3
1069 104. 9
195B* 15.8
1949 &i.0
1969 ?5.9
1969 0. %
1269 22.0
15AB 219,%
1968 31.9
1969 19.7
1964 44,46
1564 12.4
19¢R 13.8
1967 28.5
1968 17.0
L9E5 30.2
1969 37.9
1968 9.7
196% 22.9
1949 3i.8
1967 18.7
1667 23.2
1967 45,0
1949 15.5
1948 32.4
1949 22.7
1267 2l.4
1567 20.3%
19467 104. &
19686 41.9
19684 47.3
1269 S58.1
1968 233.4
19467% 15. 2
1967 21.7

33

EERPT KM}
115.1
12.6
84.8
1605
1752.9
454 .%
24.3
29.0
28.8
33,5
21.0
A7.7
91.2
T0.4
29.0
32.3
166.6
2545
55.6
6!6
0.6
19,7
61.2
50.3
30.9
3.9
7.2
20.1
23.86
25.1
27.9
45.4
125.2
19.9
42.4
2.7
34.8
57.0
17.7
30.3
33.1
2T.2
21.9
117.0
62.58
46.7
177.8
209.3
22.2
22.6

£¥603¥d-O8SINT
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NUMRES

1651
1557
1653
1454
165%
160A
1657
1658
1459
1640
1561
1667
1663
1£ 64
16¢&5
1666
1667
16648
1669
1570
1671
1572
1473
1674
1675
1676
16717
1679
1579
1680
16R1
1582
15823
16”4
1/ RS
1696
1687
1684
1699
1690
1591
1692
1493
A694
1695
1466
1697
1698
1699
1700

NAME

1936 WD
1937 u=1
YAKHPMTAYTR
ANJEVE

1929 W
1942 Ef
RCEMFD D
1952 MA
1940 YL
1953 nf
1316 7E
HOEEMAND
1976 PE
1929 €D
TARY

WAk GEMT

PELC

HANMA
DARYED
1934 ©2
CHATwW A
191% an
VAN HPUTEN
rerFNEVELD
1638 FP
1932 LL
1943 R0}
1940 YH
1941 E®
1942 M
1748 WE
KARFYL

1950 SL
1351 QF
TADN

NE SITIE®
1951 EQ1
1?30 sr
1948 VR
neeT
SUARPTINAS
AFPTISPRIMNG
KATSEPR
1941 U0
1939 FF
1940 PM
1934 (S
1941 Q0
1940 of

NOTE poMAR

I2.%
1443
12.8
t7.1
12.9
16.2
11.8
12.4%

“11.3

18.2
l'f'.l
13.1
14.9
13.7
12.4%4
13.4
13,5
13.6
11.7
12.3
12.9
13.2
12.1
11.9
13.2
14,2
13 .4
12.1
11.6
12.4
11.9

14 .5

12.9
12.7
16.7
12.9
11.4
13.3

1t.6

11.8
11.8
12.5
12.0
13.8
13.0
14.4
13.2
12.4
1444
12.7

STATHS NF KNUMPCTEN ATHOR OLANET SPHEMEIINIS

1934
1951
1237
1957
1929
1942
1961

10513
19513
1953
1915
1321
1924
1929
1931
1933
1919
12933
1935
1934
1934
1975
1950
1933
1953
1239
1947
1941

1941
1942
1240
1969
1950
1951
1968
1935
1965
1951
1938
1954
1956
1914
1933

1960
1964
1539
1940
15834
1941
1940

EPPLH

upy
SEp
sce
neT
ner
MAF
MAD
AUG
Ju
JUN
ArD
cto
SEP
Jrs
spr
BUS
SEp
JuL
AUG
neY
ccr
MAT
FER
uAZ
My
MEY
sEp
JAN
MAY
AP
FEFR
aUG
LG
AL
MAY
oeT
SEP
2 EP,
ncr:
peR
SEp
Aurn
JUN
oy
SED
LT ]
SEP
FFB
ocT
SEP

L

2.17%q

2.2510°

2.6111
2.015%3
2.7819
1.077%
2.34R7
2.5599
2. 1847
243955
Z.1839
2.7424
2.2400
2.37932
24137
2. 1855
2. 1R97
2.720343
J.l444
2.2008
2.5R871

-3.1715

3.1021
3.1756
2.2324
2.2359
2.5318
3.1705
3.1179
7.7226
2.6774
2.7390
2.T7364

3.0975

1.3677
3.1775
2,1544
2.6194
2atrt93
3.0380
3.1644

2.787Y:

2.8061
2.3958
2.7843
2.261R
2.3739
3,1552
2.2113
2.3607

FLANETS
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DESSST TIONS

193¢e
1933
1037
1931
12301
1942
1061
1e4p
1<an
19131
1916
1923
1°26
1929
1930
1910
1930
15313
1934
1934
1934
19221
1037
1938
1931
1624
1218
1910
1941
1902
19373
1320
1236
1922
194R
1735
1354
1951
193n
1948
1T80
B =AY
16215
-19}#
19414
1R3e
1940
193%
1931
1929

1952
19%6
1562
19¢2
1884
1956
1v&2
1867
1953
1955%
19261
1955
1563
10¢&1
1967
1979
1563
1ep2
1963
1057
1963
1962
1650
1955
1958
1959
1952
1252
1943
19450
1957
1g9na
1959
L1951
19%5
1243
1965
1G04
1951
1956
1956
1950
1980
+ 1960
1964
1551

I RaY-Y-4

“1940
194}
1951

FESTDUAL
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LesT

1959
1786
1968
1953
[T
1558=
1948
1269
1967
1968
1968
1564
1060
1965
1957%
19669
19569
LC6s -
1957
1969
1962
1962
1966
1969

1969% °

19558
1568
1::51#
1964
1967
1957%
1943
1oGus
1968%
1965
19459
1969
184°C
19468
19693
18564
19h5
196°

1969%

1964k

ie51*
.. 1969

1962
1964
19469

Feomp o
0.1
?25.4%
31.7
49,8
?22.7
32.%
14341
21l.2
19.6
45,7
37'6
39.3
36,9
26,0
5.2
3%
27T.5
A P4
29.2
46,7
2441
44,6
22.6
37.8
18.7
41.2
25,0
21. 0

U, Y-S

26,3
1B.%
18,4
16.5
Z25.1
21.8
5.2
14.3
13.R
®0.2
26,6

12.7 -

41,1
27,7
ECH
10.7
44,2
1848
30,0
ilet
29.3

14

CRAME ¥ U3

17.0
22.1
37.0
72.8
30.9
20.7
139.9
24.0
2045
50.2
32.3
49.7
3.2
2542
36.1
2041
23.7
21.6
45,4
6%, 3

28.9

£F60Z H(1-DSINT
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NHMRER

1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
L1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
132
1731
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1748
1747
1748
1749
1750

MAME

1953 M)
1224 SH
1930 FA
1924 nT
1941 SL1
1731 TS
19372 FL
1979 xA
Ux22TNA
1941 UF
1935 R#&
L1335 KC
1951 sC
1951 Na
1938 fix
1934 GF
1254 AC
1942 AX
1950 NP
1935 (Q
1953 TD3
193Rr £G
19346 FX
1932 nC
CRAD
1933 Nf
1965 RA
GOSTHE L ¥NK
RERYL
1936 U
1948 PH
1743 FY
1938 DLY
1928 TJ
1948 R J1
FLPTRAL
SEYFRMY
1930 SP
1939 °BF
1939 ys
1960 RC
1934 AP
CEHMTNY
HADB IET
1941 SYl
AOIWER
1947 NK
WAUDERLT
TELAMDM
1950 NAL

NATE APMOG

11.5
lz.n
1% .4
13.9
14.2
14.0
13.6
12.9
13.9
14.6
12.1
11.0
14 .4
12.8
13.4
13.0
13.6
14.9
12.5
4.4
11.9
13,0
11.5
12.0
12.3
13.0
14.2
12.7
1.6
12.8
11.0
12.0
1%.2
12.6
1.8
13.3
12.1
13.7
13.7

14 .6
12.6
12.3
13.1
14.5
12.8
10.9
14,5
ll.?
11.2
14.7

STATUS NF NUMBERED MTNAR PLANST TOHEMITINDES

1953
104
1937
1924
1941
1962
1932
1929
1525
1941
1935
1915
1951
1951
1953
193%
1954
1951
1959
1915
1953
1924
19462
1932
1930
1933
1955
1964
1963
1926
1948
1943
1938
1951
1943
1967
1966
1939
1939
1939
1969
1924
1950
19469
1960
1948
1969
1966
1949
1959

EPOCH

JUuL
JUL
SEP
A DO
acy
neY
~"CT
NEr
SFP
(Nalts
Fen
Jun
ocT
AUG
JUN
MAY
JAN
arr
MAT
FER
neT
AR
MAY
MAR
nry
SEP
Jan
MOV
SFD
MOV
AUG
MEP
MpD
ney
orrY
SEp
neT
SEP

sy

ary
FEQ
SEP
SFP
SEP
SEO
MA®
sep
NOv
ncT
MOV

[

3.1772
2.R5R6
2.2147
2.2226
2.2994
2.1258
2.2192
2.9128
2.3704
2.3227
21.0123
3. 1647
2.2786
2.964%
2.3983
277220
2.1355
2.3661
2.6581
2.1883
3.1442
2.5141
3.013%
2.7113
2.9028
2.TETH
1.8540
2.5631
2.2304
2.7843
3.1778
3.0087
2.1930
2.7768
3.1428
2.2288
3.00948
2.1834
2.2617
2.056T3
2.8R36
2.58A88
2.4685
2.2289
Z2.B8450
3.a7at
1.7091
3.9191
5.2670
1.9265

FLAMETS
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1931
1924
1e3n
1924
1941
1931
1932
1029
1225
1941
1925
1929
1211
1951
1938
1934
194])
1942
1953
1927
1944%
1938
1931
19032
19230
1933
196%
1943
1431
1931
193t
1924
1938
192A
1931
1927
1950
1927
193e&
1930
1951
1934
1334
1949
194}
1940
1947
1966
1941
1950

1¢53
1965
1963
1867
1955
19462
1965
1934
12¢0
1962
je59
1965
1958
1963
1952
1957
1959
1953
1957
1951
19548
1950
1955
1256
1950
1962
1966
1964
1963
1959
1960
1966
1965
1245
1959
17467
1956
1952
1363
1966
103
1944
1960
1950
1940
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LEST ERRIF SET EFPRNR XW3

1955 14,3 22.6
1967 14.7 20.1
1959 23.9 21.1
1954 i, 2 33,¢e
1965%% 72.1 20.8
19468 15.3 12.5
1967 31.0 2Tt
1968% 119.8 166.0
1C6C% 10.2 30.2
1949 31.7 .4
10602 39,7 57.3
1968 19. ¢ 30.4
1C5B 15.9 14,2
1966 13.1 14.°
19595 28.9 29.3
1968 z3.0 28.9
1967 28.4 24.7
1964% 16.7 16.5
1965 400 Y-
1969 27.7 23.8
1969% 17.7 27.5
196% 34.3 3T. b6
1968 - 27.0 54.1
1269 36.9 45,8
1969 26.3 36.7
1962 28.2 36.56
1968% 30.1 1B. &
1964 10.9 12.3
1969 15.2 13.&
1968% 26.9 36,8
1968 25.8 40,0
1964 16.2 23.6
1969 30.8 26.7
1969 18.5 23i.B
19687 7E.3 40.9
1967 17.4 15.5
1866 t.h 8.2
1956¢ 25.2 ?l.6
169 1¢.8 1R, 1
1966 22.7 24.7
19580 14.% 20.3
1948 2T.2 27,2
1970 13.8 la.™
1969 . 13.3 11.8
1960% 1.5 15.4
1968 15.4 33.1
1969% 11.3 5.8
1969# 13.8 29.2
19469% 10.5 32.3
1969* 17.5 11.7
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STATUS AF HUMREZED MTANQ PLANET COREWERTRTC 16

MUMRER  NAME MOTE . ABMAG ERPnCH A PLAMNETS QREQSTT IOMS RESTRUAL 85T ESRIF S50 ERROA K43
1751 195% rf 13.5 1956 JEN A 2.7809 2 8 31555 1969 -2.2 1969t 13.0 16.%
1752 1330 Nk 4.6 1939 N 24 2,2383 F4 o 4 1930 1987 7.5 1947 37,0 .33,2
1753 1934 J™ 12.2 1934 JuN 12 3.215%6 2 g 4 1c¢14 19567 -1.8 1967 17.5 26.1
1754 1935 fF 10.6 1934 JuM 12 2.0927 2 9 T 1935 19p0 5.4 . 1949 25. " 56.3
1755 1936 VN ©1l.t 1936 AUS 20 3.7907 2 q 5 1534 1968 4,2 19AB 23.4 15,5
1756 1937 ¥& 13.9 1941 rT 28 22,5485 2 9 3 1927 1989 -3.4 1969% 11.7 S 13.1
1757 1939 ff 14.0 1963 MaY 24 2.351¢ 2 g 3 1932 ]196% =T, 1950% 17.9 16. ¢
1758 1542 DK 12.0 1948 MAY 74 3.0084 2 9 5 1942 1959 5.9 1949 13.7 ‘ 19,3
1759 1947 RF 14.1 1943 WiP 1T 2.6h492 2 9 3 1947 1948 4,3 1989% 22.% 26. %
1760 1950 nrR 12.6 1968 MAY 24 2,16%3 2 9 S 1935 19438 3,7 19s8 9.9 15.3
1761 1957 FN 12.6 19%t NEC 20 3.16P5 ? g 4 1950 17869 -3.2 1969 16.5 25.9
1762 1953 17 12.7 1954 FER 27T 2.R790 2 o 4 1947 1943 =-2.% 1953 13,3 - 18.0
17643 1953 Th2 14.2 1554 FER 27 2.1894% 2 g 1 15831 1769 4.0 1969* 19.6 16.9
1764 1953 vVl 12.5 1954 fFR 2T 3.0973 2 g 1D 1975 1969 -6.0 1949 17.0 25.9
1765 1757 X" 11.0 1557 JUN 11 3.15460 z 9 4 1546 1946 ~4,&-- 1906 - 15.0 23.4
1766 19862 ®F 13.5 1942 DEC 2 2.7T451 ? c 3 195% 1959 -5.0 196%* 14.1 17.9
1767 1962 FJ 12.4 1762 DFC 2 3.maz2 2 o 3 14l 1767 -2.7 1947® 1n.0 14.6
1768 189A5 SA 14,2 1966 %82 16 2.4505 2 9 3 1%A% 1969 6.5 1C40% 2.3 Z22.9
1769 1966 QP 16.0 1967 AP® 70 2.1785 2 g 1 1937 1969 -Gt 1969% 12.3 10.5
1770 1987 gt 14.1 10969 MAY 24 7.4577 2 9 3 1943 19%8 1.5 1i9%a= 6.8 1.2
1771 1968 RD 11.2 1969 MaY 24 3.177%% 2. 9 5 1938 1968 6.8 1958 - 14.8 22.9
1772 1960 CA 13.2 1968 Y&Y 24 2.%302 2 e & 1940 1959 £.0 1%469 13.9 . 154
1773 1969 HF 13.3 1968 MAY 24 2.4350 2 9 9 1941 1969 4.8 1969 - 12.0 ) 12.5
1774 1568 unl 13.5 1968 MAY 24 2.8777 2 9 3 1931 1968 2.2 1968% Tt 10.1
1775 1969 JA 13.3 1968 MAY 24 2.6059 2 9 3 1952 1959 1.5 1769® 6.7 7.8
1716 1930 €8 11.0 1962 Sgp 23 3,1019 Z 9 5 1930 1963 -3.1 1963 11.4% I7.%
1777 1905 RM 12.6 1960 SEP 23 2.6255 2 < 6 1905 1564 —6.% 1964 17. ¢ 20.0
1778 19356 HK . 12.6 1960 SEP 23 3.1360 2 g9 4 1952 1940 -7 1960 8.0 12.2
1779 1950 L2 . 15.1 1960 SEP 23 2.1753 2 9 3 1950 1969 1.0 196¢% 9.1 T.7
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STATUS NF MUMBERED MINTR DLANET EDHEMFRIDES v

EXPLAMATION TF HEFDIMGS 1Y A37VE TARLF

NUMRER =OERMAMENT NUMRFO ASTIGYED TO THE MTNOF PLANET,
MAME =PEPMANENT NAME, TF ASSIGNED, _
NYHEFWISE THE TEMPAPARY DESIGNATION,
NOTF = L DENOTFS THE MTNO® PLANFT IS LOST,
F DFNOTES MM PERTUSRATTONS [N EPHEMEE TS CALCULZTIDMS,
BBVAG =ARIGHTHESS NF THE MINND PLAMET AT TME ASTRANNMICAL UNTT
FROY SUN END EAPTH, N ASTRONIMICE| MACMITURCS,
EPPCH =YEBD, MONTY AND DAY NMF THE EBNCH FPE THE OSRIT,
A =SEMT-MBJCE BAX]S MNF THE PRATT M ASTRINAMICAL UNITS.
PLANETS =MUMBERS F TNNERMAST AND AYTERMOST MAJNE DL ANETS USED IN
PERTURAATIAN CALCULATIONS CF THE DERIT DETEPMIMATICN,
1 MEEFURY 4 mMaRc T UPENUS
2 VEMUS 5 JUPITER 7 NEPTUNE
I FARPTH & SATURN q cpLgTn
NMPPOSITINNS=THE MJMPER COF (ODNSITTANSG, THE YSAP NF THE FI0ST
PEECSITION AMD THE YFAR MF TUE LAST NPPrSITINM
USED IM THE NRATT DETEQMINATICN,
RPESTDIAL  =MAXTMUM PESTDUAL TN SELONAS OF 8RC TN FIGHT ASCENSTAN
FONM THF NRATT DETAEMTNATION. AS BEDARTED 1M
+EPHEMER IDES OF ¥INDF DL ANETS 2,
LAST =YCAR F LAST KNOWN CESERVATINN,
A% ASTER JSK INDTCATES YHE MIMJF OLANET 15 DN THE
CRYTY7AL L1ST rF THNSE NEENING TASERVATIEN,
EPFOD SEC =ESTIMATED KPHEMEPTS UMCERTATNTY IN SECTNDS NE ARC AS
SCEN FR™M THE EARPTH,
METHOD NF ESTIMATINN 15 DUTLTMED RELNW.
FRRCT KM1 =ESTIMATED EPHEMEPTS UNCEOTAINTY IN SPACE.
EXPOESSED IN THOUSANDS COF KILCMETERS,

A SHORT REMARK PFRTATNTING TO 2N INDIVIDUAL MINNR PLANET MAY APPEAF
TO T4F QIGHT NF TYE LAST HEADED COLUMN.

€960 PA-OSN'T
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craTyS NF MUMREFED MTHND PLANET ECHIMERTOES

METHON USEN TN ESTIMATE THE EPHCMED TS UNTER TP IMTY
L4

THE DPRINCIPAL PAPT 7IF THE EPHEMEQ TS UNTERTATNTY ARTSES FEOM THE
HNCEQ TAINTY TF THE NERTT DETERMTMATICN &S EVINENCED BY THF

pAXTMUM FESTOUAL [N RIGHT ASCENSICN QUOTED IN +EPHEYERTRES NF VINCR
PLANFTS#, THF FFFECT NF THIS UNCERTBTNTY BUTLNDS UP TN PRCPNETION

TP THE TIME AND INVERSELY AS THE TIME IMTEPYAL CMYERFD RY THE
ORSFRYATICNS N WHIOH THE ORARTT DETECMIMATION WAS "RASED, IT 1S5
ASCUMED UERE THAT THE MAXTMUM PESTOUAL A2PLIES T THE LAST
APPEASTITION ANMD THAT THE PESTOUAL AT THE £18ST neenSITION IS
NEGLYRIALF, LET ‘

PESID  DENNTE THE QUOTED Max MUY FESTDUAL.
TNTYAP DENNTE THE THTERVAL AETWEEY THE F185T AMD LAST QPP2SITICMS
1SEN IM THE 0PATY DETECMINATINON,
INTVEP NENDTE THE INTERVAL AETWEEN THE EPMCH TF THE NPBIT ELEMENTS
AND THE MEAN PF THE NOBPOSITIANS USED.
INTVYNH DEMNTE THE THTERVAL RETWEEN THE EPOCH DF THE OPBIT ELEMENTS
) AND THE CNRREMT YEAT,

THEM THE UMCERTAINTY 1N SFCONNS DF ASF DYE T7 THIS CAUSE 15
= BESTD & PESIN#{INTVED + TNTYRW) ZTNTYNR,

A LESSER PAPT ['F THF FOHEMERTS UNCFETATNTY ARTSES FROM THE PNSSTIALE
o CUNDING EPENRS IN THE TFRITAL ELEMFNTS GIVEY IN $FPHEMEIICES OF
MINMOE PLAMETS2, THF MEAN BNOMILY (M) AT EPCCH HAS A PLSSIALE

b rUNDING ERFROR NF 1.8 SECONDS nF ARC AND THE FFFECT NF THE SAUNDING
cRope TN THE MEAN DATILY MOTION (ML) CAN 2EACH £.1825 SFLINDS OF

ARC PER YEAC.

THE ESTIMATED EPHEMFPIS UNCERTAINTY [N SECCNDS DF APC AS SEEN FPOM
THE EAPTH AND LTSTED UNDER THE COLUMN YEADING =ERROR SEC2 15 THE
UM DF THE PRINCTPAL AND LESSER PARTS ABIVE.

a8
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LMSC-D420943

Appendix B
OSCULATING ELEMENTS AT FUTURE DATES

i

Appendix B contains osculating elements for the first a() minor planets at the 1n1t1f11 ‘
standard date 1972 October 10 (244 1600.5) and at ten followmg 400-day dates through
1983 September 23 (244 5600.5). The elements osculating at 1972 October 10 are those
{hat were obtained as described in par. 6.1, and do not contain the effects of_perturba-
tions from the individual published epochs of osculation to the standard date. Elements
osculating at the other dates are accurately consisient with the elements osculating at

the initial standard date 1972 October 10

Page B-3 of this Appendix contains the names of the first 50 minor planets and some

reference information.

SOURCE shows that the elements were taken from the 1972 or 1973

volumes of Ephemerides of Minor Planets
REFERENCE is to a more detailed publication, if any, of the orbital work
MAGABS is the absolute brightness of the minor planet expressed in
units of 0.1 astronomical magnitudes
QUAL 1 denotes the elements were obtained as stated above
1JDOSC is the integral part of the Julian Date of osculation
(here, the same as the initial standard date)
B is the semi-minor axis of the orbit
1JDOO ' is the integral part of the initial standard Julian Date

Page B-4 and succeeding pages of this Appendix contain the elements osculating at

the dates stated in the page headings. These elements are:

ARGPER Argument of perihelion in degrees
Ecliptic and equinox of 1950.0

NODE Longitude of ascending node in degrees
Ecliptic and equinox of 1950.0

B-1
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INCLINATION

MEAN ANOMALY
SEMI-MAJOR AXIS
ECCENTRICITY
MEAN MOTION

LMSC-D420943

Inclination in degrees
Ecliptic and equinox of 1950, 0

in degrees at date of osculation
in astronomical units at date of osculation

at date of osculation

in seconds .of arc per mean solar day at date of
osculation ;

B-2
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35£.265519153094
307.7153829462508
30.81b356428817
220.3675141964686
N B.6564359056038
184.1353041050898
3564.333602949472
35B.ERITS01G4842
7.537895964271
296.033428588307
157.081014231166
93.966755336326
L78.562T£32T4987
84.367362381920
264.780952137660
131.257840146944T
147 . 765050876800
180.965925262071
3.523698912319
183.76T652011533
2B86.,0236529068B4
173.588427968133

INCLINATIUN

10,.598430985410
34.822589331405
13.8C56826%90221
7.1353¢€01U4947
5.333387019034
14.7702661324567
5.49660£541680
5.,B835C0725377
S.583LTa34LUERD
3.80620340395%7
4.6232135694370
B.376334507202
16.532458276512
G.12631964651¢
Ll.73464%6518582
3.088492494 758
$.59235719509%0
10.141739865752
L.55T4E0910479
L69660aT I 3]2
3.075T734680149
13.726721701843
10.1646199CH 964
« 167736443930
21.569772452465
3561963472359
1.586881195%63G
9.4C7640775956
&.0870£8261 191
2.09710107GR63
26.2962348656747
5.4062623312974
1-904066768835
5.512068645250
B.044365B056505
LH.55276B4ET649
3.077548797580
6.968776833604
10.375870723259
4.257427562513
15.870983908 354
8.53405838L477
3.466252533234
3,7097523793334
6£.5930786107698
2.316509845512
4.993086Cl6719
6.549220440665
3,155836077737
2.825329029830

DECULATEQ: LS

MO AN ANOMALY

294.H99929 383964
285.9295T4Taadbs
65.5C2281430409
126.52240321¢BTE
116.5324811%3508
283.89386T7123167T
173.197567058383
107.6984223810068

15.14¢cA63767670
22B.34T76452%0041
186.836894152230

w1 2T HaS 30 Y

22 ebAbalLTLTRD
CE.OLGET34%5289
202.4542123236010
55, 1063471080091
250.62510493504¢
110.94640C 404251

T7.1919292780U54
213.12487048135%
209.6666053021T78
303.021737141204
28%.80675550654424
55.,430942077B28
304.47T1561513352
107.9%2015813332
126.276085417181
155.05948C814879

70.245165459975

71.0782%95%560530
175.18847T15,46175
250.353610716390

18.9550342813565
196.04327T9814761
92.8712688205H5
121.3257119¢651176
316.966052446754
179.203463427682
161.751040603773
226.702089143889
351.03618€044124%
B1.015022144167
57.031851 715719
2716.260085738695
167.843103630646
152.57T864719534753
111.954704865183
108.273192754208
245 .T6064566076841
151.047169430301

JULTAN DATE

SEMI-MAJCR AX]S

2. T166714495974808
2713106174154 240
2.6TC030G7328213229
2o AEA22172282TE4]
25741310937 863
2.625435%39UT1L241
2.386956422)4049
2:20203055663903
2385468 42395434%
F.144D5355394291
2.452481610:11259
2023349816 7T640645510
2457068504949 503F
2s5RE352T705¢CTE
2.64197999C5%9961
2.9236135261007407
246918069 H422HT
2.29597351460914
2eta 202751958773
2.4Q0b5429852494d17
2a%359029T050741)
2.937626458631943
2.62dTH0L56773687
3,14091798729709

2.40117025770729 .

2.655T4692331317
2.347TB356521447T14
2.77585817148946
2.55515128321535
2.364943730397045

3.15412671428267

2.56681406317672
2.B811€952613¢€72
2.68636607918300
2.99134448919241
2.715052318611262
2.64333112872754
2.73965359504027
2.7688097367342)
2.26717231956133
2.76640516730196
2.43965134125977
2.203715392029820
2.42286926615161
2.72312645900146
2.92566269801292
2.876195%15223622
3.11610689953345
3.09655033184050
2.65161243597466

2442800.5

SCOERTRICETY

L07759082796682
.22336421615958
.25520831723655
L04B3BIBTLBE215
L1BT778563717569
.23320195394378
.22932823246022
L15570413542891
<12216135709236
.11356994235456
.10165402685935
L21937841774108
S0B48€403311453
LLESTLI59R932738
S1BYL6T14T49167
«13484914131820
L 1384797678265
.21 773394066478
S15710431165276
L144589 10852689
W l614192228E45%
L10377021414998
.2332317750361%
L12146787655012
.25454722932665
.08735905594 109
L17154636236882
.15352885104407
L07147496214367
.126781614837561
.22351465598916
.08343823770980
«340939¢4901113
.10740874227708
.224040T0868379
.29922089983910
.17566263753524
.15595148993303
.11069087981499
.04594031124109
L26975294970295
L22718867357540
L167£G486927574
.15093033735995
~081891R7751794
L16970778901339
L12630713761443
« 0L 103148426467
.22509067627776
.28595700531429

P et}

WEAN MGTICN

771.00821460c68
T63.07T361109173
Bis.13883152108
374, 67485445888
BST.45292311445%
939.3332543349]
952,1%323379382
1085.854¢66825990
963,0439]1959312
636.46345392262
923.£5352521¢21
994,5517T2555011
B57.95598473895
CBS3.04669146651
8265 251552646538
709,81319592644%
914,43198385229
1019.8958813238133
I29.73059398258
949, L6373CCAT46
933.24422196253
T15.27833060839
B32.4T481975933

637.41411991559

953.61295351145
819.8351L 783376
936.23037225565
T67.203659335673
ROB.72365088244
975.60800336539
633.41424812941
A52.4227C593727
T33.14721383716
805.858483194T0
635.81495510276
TTT.B230654E558
325.61812599625
782.46170941020
770.13507687C35
1039.39297696820
771.97641200268
931.25439354037
1084.58033959528
945.83096617779
789.59585479032
883.942259488038
T27.40963579382
645.04208823400
551.16245054559
821.75338912163

£3602Fd- DSIN'T



8-d

ACCRES

73.083015339759
303,93N017801 020
746. 987715582976
131.056754159447
355.9511532971nN63
238.3505345678972
144,221726531534
2B4,185232416609

4.912962R42851
308.66N3847N01516
192.R6RATS56 79148

6P. 59706002341 4

19, 148 TI0STN06Y
85.192520221777
97.016083Nn03097
224,320721 6044655
136.2079233194851
226.920T7T917951362
180.563052866A07
280 .2A39817269464
248, 157115146411
352.514663022R4713
58.259471587033
111.5957684610425
8O, 622640430527
194.831731%662R4
354.B823R656040733
340,3182790596559

62, BT4G8R291803

85,55R709409421

64, 15622143050nN
337.6156696736013
335.T4TRB220NBAKT
227, 4Bl66395T7644
210.RP8604520R0R 4

4%5.h126T71071481

£0. B4 6890952199
167.3T9R49 166608
208.57292 12603717
26Q9.9290082 19045
43.6B5417561E843
235, 849998412292

15.58851B14Nn743
41, TANDO0OT4085G])

AR,55344425°R12
174.5241044622861
311. 291328337342
256.409815721745
106.841314273106
198.7907a0227646

SRCYB OF MINOD PLANETS

N e

R0.1250133370%0
172.758014959%43
169.96 1086742034
103.526523569010
141.650460736377
13B. 7096642856677
260.5352694675994
110.672435591428
6R.TNNGEARD32T23
28R.LTR6TTZ91889
125.1RA054123178
235.167492] 151372
43.211473932124

R6.52721710RR30
293.20237153£7576
150.401326834944
125.16604547979}]
150.27089h 138841
211.869934131701
20K.24642631259496

B0.6753036628472

66.463401670128
£T.146299840)05

16.253312221186
214.37894341362)
45.4540490R4915
94.435215991451
144,4182269239720
256.261570220923
3107.70116R102454

30.808485600184N05
220.366029758084

8.593374T62818
184.090227526770
354.331412932252
A58.6752385237707
7.505067922369
296.035630572447
137.06839451381)16
73.966387C50780
178.5359n2119842

B4, 269909 24323
264.72A%35535781
131.216898087232
147, £96515P 09674
180.953144819610

3.5152C3670927.

183.758758043682
2B8.0246022352267
173.5R2487342824

TRTLINAT T AR

10.5996656685124
34.B11193821952
13.002375615617
Tal4ilN0C39220,
5.33985644A028
14.763701734262
5.497A4T0RB4E T
5.BRS137698A71
5.583064624%341
3.8N57569197713
4.62T1860737602
B8.377871 756609
16.531868130042
9.12735137411410
11.735450104 768
3.083496522528
5.592024115035
10.139879303258
1.55760531377]
L T006N40DB1230
3.076837739104
13.732453704854
10.169488761426
+T6T40131 7273
21. 5696446397738
3.5573205302480
1.5R6322723341
9.403064661344
6.08572026193)
2.096606731848
26.295318548335
5. 4462446159960
1.90315495698C
5.500422670812
R, 041166223798
18.547754602943
3.075719110458
6.970234628308
10.374154602697
4.257T780RZ6TLY
1587160763301 6
B.535121876643
3.470636103461
31.709967433998
6. 594760605018
2.31639644£279
4.993097433330
6.5483442122014
3.1568093899972
2.B24965T716254

ASCILATION

WEIAM O AMOMALY
20.420122093270
11. 214856450723

155.733153179192

232.TA3TRD3I%Y7S2

2118634563850 6
2B.2407T5694T7134

280.020690196153

228.233716567817

122.713204347427

299.225361 3408487

ZB9.50598R 721051

137.557483961973

117.827366T5B052

120.2295R35755139
354.,227451407463¢6

134.2101 17214983

352.316168310252

224.183045501810

180.172558188772
18.409690672620

IN.331397 763919
23.1342044990%7
17.3106341433104

126.332294331917
5N.51238B8320699

137.534194/32703
T5.251495246342

240.3B3519902016

166.472486393414

179.340832977397

245.,540792027045

345.0785195765A83

100.5581032422086

283.896375199684

169.1064 26302834

207.659844465%3886
48.7522079045%)

262.160346926757

2547 .211889721301

3141.84F4449B1319
T6.889162578232

1B4.6595555695040

177.286749096937
20.7TRBZ280395864

255.252301469543

250.737550389432

192.970391RB94596

179.6811 28806235

322.030111316288%

262,278721214752

IS JULIMN DRTF

SEMI-MLUDE AXTS

2. 7L6R5146030293
2.77224129538151
2.6T1165693011030
2.36132¢1 3582345
2.5T645908340[ 775
2.426141007258034
2.3B6320745749¢64
2.20232400779541
2.3%601621777243
3.144772G6R1806258
2:65341251832740
2.33135%9654401360
2.57TT0R390921976
2.5R551445733077
2.6419081T345900
2.923564372076791
2.08972934A02423
2+2%650530506136
2.4428003RRA5207
2.4082T374522610
2424043721 60288
2.9100221239R |12
2.62685116754718
3.1402035339R 3135
2.40089092473623
2.65821210083719
2.367264132376565
2.77513511009919
2.55593949641907
2.36564598507844%
3.15265022971036
2.5PHS48RATTT] 490
2. B5888576601965
2.€8972742900400
2.99249840911838
2.75080139018712
2.64210656274435
2.7T38846145366179
2-7T6926303046993
2.26649270280278
2.76337901203627
2.4386531373]12383
2.20365917994643
2.421B1135151576
2.71962651430682
2.52625642078094
2.B7581091771995
3.11611483684418
3.09509482611894
2+65204596787645

2443200.5

FCCENTRICITY

LATTTH619T 423" T8
+23341899956843
. 2531306446601 4

< ARA552940220R

-18914807419519
«20353608966365
«22941997210979
- 155577292C5425
«12211130748009
«+1037512A150549
-l01675R1 358860
«21979019519296
-08%09978903312
- l65%2613723D43
=1 8735444942918
«12456130567981]
«l3B437T72390467
-21748212219169
«156873R3ID2RE2 4

. +14392356%18788

o l6117529689263
«103B6341495126
«23251082513076
- 1217€B4508A5948
£+ 254412642352897
. 087028R0083521
«17123771409209
2153874927 76526
«07139556806625
«126566905681629
« 225402046944005
2.08371450252233
234112995807481
«10600342912066
«22341102153681
»29915394900297
«17510RR132140%
«156325567323458
«11042479133634
N658564)673598
«26961223731570
«22726175368106
-168363268729719
«153156256484A1
«083193264957604
+16938697083564
+»13527755536123
~06119D066162246
«22513543037195
«2B568837369918

MEEN MOTICN

T10.952P2R40487
T6EB.TO561444611
Bl2.74635527732
9T1.04R07F50297
857.401398£4599
B3R, 02P4RET5146
962.52794985599
1085.562723027312
T62.71222733465
636.262429T1176
923.31672956926
995,35548350972
B57.667168000927
852.46576196713
826.285%24371722
709.91011716%968
914.18171577152
1019.54264308200
©26.331994215¢587])
$49.3568T7T496181
933.209081591893
T14.76312422099
833.39976544584%
637.63166721591
953,77538051026
BlB8.69498226704
986.65116010007
T67.50352121103
868.32183301005
9IS 17361926T47
633.85933202707
B852.756041£5044
T34.02587785294
804.3169356R433
685.42171499158
TT7.71006925377
826.1921798733¢6
782.80775603406
769.94599238322
1039.86051312598
172.40645138193
931.71164949322
1084.65078326597
F41.44750524237
7%1.12056640024
B83.67064688362
T27455542349630
645.03962367645
651.62184583853
821.55189841173

EV605 P I-DSINI



89GPER

T1. 261270494812
307, 55769997592
2647.050152049698
151.0205759157N6
355.942052R1T736
23R, 191405104%RR
144, 261346561940
284.471193132125

5.019905006558
308.553215417¢45
192.830690080527
68, 536446774173
79.2723301046240
93. 117832235004
96.838817022323
224.316890205416
136,09 B37514325
226.961R992759486
180. 609210726397
2%55. 360380249938
24B.193665594517
352.168485T16HTLT
58,333110°267018
111.621402866897
A9. B6BT36033207
195. 674833106094
354, 9141314458440
340.159156RTT7975
63.0836078750801
85.52620491R857
64.220171310868
337. 609355957295
335.696300%52328
327.7323406289801
210, 7157678053297
45, 6T0290756R00
60. 910696158578
167.185983663979
208.658194363045
270.221592595004
43, £2539754493%
235, 7847947145291
15.608236620608
341.8T42055764621
89.567R52175134
174.5546311809482
311. 160666957355
256 T61T12453850
106,897363793017
198. 823475975814

GENY2 NF MINTR PLANETS

R

80.134691373477
112.7515387847T11
163.24206)3234407
133.525499079811
141.802020163956
139,.6R91728T91946
259.535535877085
110.672309435620

68,.699307522983
285, 16R%5935349] 2
125.186023110261
235, 3468280466536

43,321 0656RR031

B&H.S2T7173863T7T30
293. 283812461521
150.394017590972
125.1661 83650945
150.261092071185
211.B8673310A5%3158
206.2425%3%1591%

BO.6T4#T6ILITBBT

66L.65602TERL445

67, 146R3145P057

36,2298N71122808
21 4. 304926927999

45.4026492137713

94,435322316062
144,326336320997
356.244824383461
307. 6901569252030

3n.823103781192
220.367370619106

R, 5860RTTR?24319
104.036166569717
354,259727969905
3S5R. 5654302560297

T.502972T09565
296.022457721672
1567.05T1L15340742

93,964284517118

1TR,535693846305
84.35643021 88664
264.729745579911
131.210891104867
164 7.693151780097
180.952819R 548460

2.514691003266
183. 741034064705
288.015031254308
173,.5892784 77267

TNCLINATIOM

10.593394798934
34.80 1205554801
13.002095767724
7T.141222907201
5.333803648965
14.775312054109
5.,497635986529
5.2955631 59806
5.583154169065
3. R05774366699
4.6233641653452
B.377649854215
16.530832856076
9.127385450209
11.74L 417360139
3, 088080239974
5.592566122208
10.140838914988
1.557452071747
. 700594310039
3.074806332665
13.731541570730
10. 167800490061
L7676437971599
21.545836834920
3.554809506701
1.585898287956
9, 4097845603305
6.085834445060
2.095878517648
26.298421081055
5.4618258157504
1.903428108767
5«50629%041077
8.0331646010705
1B.547630756385
3.075221546392
6.973936746596
10.375581052506
4.257780009276
15.872965760371
8.535031815295
3.4709P2856503
3. 709931380011
6.594798955020
2.316650819438
4.992759070157
6.549118468340
3,157160994269
2.825013030996

ASCTULATICN 15 JULTAM

MEAY ANOMALY

105. 4582 38205543
96.5566 18047843
245.,35B2091661%5
341.495794182790
307.312350260644
132.764141 754490

26.937232269929
348,7TA74210565937
228.835520217€22
10.008345545867

32.178267983450
3108.218572953125
213.021294289904
215.871530153526

B6.163554002570
212.876305647171
94.018750044340
337. 423540206605
283.560375579016
126.085696453508
S7.012127358719
102.980A 13872794
109.91 0773747109
197.183367292599
156.06081 06412952
287.765829755029
185.351230715868
325.885565351142
262.73167110642375
207.507881942733

315.945422831230

T9.B24477981735
1R2.2399642380097

13.1008795333032
245.424680690489
294.0122832231718
1640.594948143789
349,.310338933105
332.5677039035712
96.9296 18483619
162.816173920266
288.248908020850%
297,941820574640
125.270533650814
343.1673020%4994
346.B927494563715
273.940800724478
251.005542350967
34.352476480938
333.527262364811

DATE

SEM[-M& JOR AXTS

2.7T6772686221919
2.77289474560786
2.67 137313113531
2.36152481103 765
2.57T496R6047044
2.42491480851729%
2.3B6 74690005845
2.201RD429262957
2.3B623813460116
3.1456117006701%6
?7.45781246033969
2.33400013395683
2.57650115382178
2.5849606RTS6109
2.64193850372537
2.924561 82804570
2.468995T72952255
2.296138751556478
2.4420R468257908
2.40B6T24610622T
2.4355B425104210
2.90761325311040
2.62767981909722
2.13888525831932a9
2.40226319385025
2.65493744341548
2.,34T7T7T86044334808
2.TTT10RALTEHI6E
2.5557404552 6481
2.365658137442399
3.15208025913513
2.58751632751542
2.A5R07503603473%
2.68731018776032
2.,396290146198502
2.75041147713108
2.64260119R88840
2.740806372664992
2. TH860BEBE916879
2.26T68871516396
2.TH2842031 75440
2.4392146%9061088
2.20300342554 166
2.42241056369382
2.719R808BR&BIGT
2.5257T7T007T003465
2.87663163446547

3.11516637473362-

3.09790687128039
2.6515642849295%

2643600.5

SCCENTRICITY

.077199585593383
«23344111 767120
<25494B65738276
< UB968E6181 794 7
.179331287380057
.20373052534289
. 2296530665587
. 15547R19289603
.12201220181478
.10403052526605
.10L41005603533
.21981958807178
-08537301890055
«16505043597530
.1R9639€5110252
.13416100620178
.138304P3420780
.21728388587073
«1556621851171°0
«143B1555804060
-16295920082072
. 10335297804368
+23259332408203
«12225214956391
«254852615127R1
L0B87£7560429033
.17115033816814
+156164379855111
< 07131892682019
.12634940039698
L 22425582991464
.08398871747857
.364125204624791
.10504194136879
-22213737738459
«29902093026227
e 1748866649841 6
< 15677286256446
«11016591748571
«04643R63605507
+2695762300033%
«22717239749603
.16908213799286
«15018125417558
+0B36517394937S
-16913685214693
+13617304626137
.06131700526T67
.22588170279816
«28546135580585

MEZN MATTDN

770.58375366239
768.43386750754
"812.65225429130
9TT.72744362564
857.45109090199
939,564071063670
962.27017192206
1086.0217011914¢4
962 .57T7193411337
&£35,934 76404080
923,65558172104&
9e5,07372706537
857.943190T6136
A53,.740056075303
B26.27101474506
709.43949757378
914.5%919547835
1019.78679111739
929,29183954219
$49,16114979596
933,.47199455746
715.6515480653%
833.0055630645%5
638.03336971755
052,.946224243659
820.21014484535
986,32192866732
766.6B544159256
BAB,.42327238519
975,1661050R248
634,03126491104
B52.47553923797
734.33822351514
805,43334821689
6B4. 11761371297
TT7.87565362950
825.96022353970
781.94356444208
770.21888207724
1036.03796488903
T72.631647311563
931.38992157961
1008%,.134R1565645
941.09820942235
791.009585£3550
883.92589254425
T72T.24%408313943
645.33423500759
650.73480T7T9366
821, T7577315224

£P602YT-OSIW'T
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N

AFGPED

T3. 607359724401
310.073790307463
247. 099564127085
150,922206A001AR8
355.686855245207
238. 1258973413415
146.13335025428]
2R4: 473334731833

5.154474618926
308.5217TR249]1 244
1692.9G7636862241

0. 48R050450621

T9.43275121049]

9%, 183798227386
96,688906750525
224,208118277078
136.051¢77130 1A
227.069/25254661
180.675141990476
255%.47068516439])
248. 520378058827
352.1532146564375

58.40613T7T7799326
111. 760902579890

90.040216400626
195, 7457083314698
354.996327064RB415
339.9N9576364318

63,300747919284a

A5.702216950638

64.7117939431 74
337.570190R354607
335.657786821552
327.9035952346961
210.627033626256

45, 710792443003

60.947635R92951%
l66.923142514125
208.72391521179%
269.84098588055¢2

43.552340383088
235,732538365769

15,551 794674589
341.964T798910445

8B.559201218395
1764.692351460924
311.029749437655
257.162150730543
106.602319307045
198.916242170325

GROUP IF MINOR PLANETS

HADR

B0.126833 16302
172.7357226 146132
169.934 9473”120
103.52376%46 G211
141,430343371618
V3P, 68T7RS0A54451
259, 5121435500952
11164596 862465945
68.692013442193
285.1467937646428
125.10477201391 7
235.3602°27145548
43.315A79941738

86.525971128387
293.2824B3052273
150. 392959500930
125. 164679125254
150.2514034061260
211. 855290158744
206.21607032N93%
80.6496498127848
66.45°3161R44678
67.13595095929560

36.22697T9621531
21%.218n83965856

45.400262227122
F4,434022943210
144.380498551135
356.343A45966506
307.690N033240764
3N, TT38420814612
220.347700355459

8.586425873085
184.030254703713
354.13112313¢3293
358.650713274570

7.470676256429
296.0108652647492
157.0573R65121A4

93.958464110651
178.5237234 56788
84.361805693388
264 ,726280293861
131. 20805251817
147.606817999999
180.937730145921

3.504R48057574
183.739995940635
287.9R7517914702
173.553254179902

INTLINSTION

10.597212116421]
34.803111323024
13,00%2N0459658)
7. 141 0055R7448
5.341511472877
14.7762842972507
5.49658?379632
5.BRS5137261814
5533157444180
3,8053B1734687
4,623%4781l01BAR4
8,377415151554&
16.532647753641 7
9.,124923193p93)
1l. 741458789053
3.0841856339874
5.5926R3 707608
10. 142788051719
1.557592486009
. 700515220690
3.0724164154R812
13. 739271378345
10.1659N48152 7%
= 167492234525
21.551332n026218
3,.554601B11743
1.59687484710]
9.41348021 7780
6-0865T1556R86
2.0968849]9518
26.294059682 184
5.462394420184
1.903357R81729
5.505099972310
8.033898587600
18.54935p557070
3.07T4894T66771
6.971344798607
10. 375256551929
4.257412787395
15.871706363692
B. 5364569997413
3.4T3733813768
3.71226099395]
6.5951460907111
2.316497823340
4.991962797546
6.550653425090
3.155284576278
2.825270826345

ASCULATION IS JULIaN paTE

MEAM JANTMA LY

191.322445124870
181.8395146393775
316, 206308101055
90.194507293853
2. 707949158309
237.259065552812
134.011275481142
109.389541383244
335.678058893709
80.65191362982]
134.610190414196
58.822332397461
378.223803420115
310.935597397026
178.167406153845
291.786276979614
195.702202554 801
90.605764485243
26.779599354 146
229.425399433703
160.19246326R%36
192.5214 60664225
202.263839213217
267.9685456857546
261.923020464377
18.347008332842
294,848137360659
51.3029¢3756024
359.037988165286
35.901813186325
26.393188618703
174.593015383438
263.907918897159
102.428869735820
321.512532586125
20.427742448634
232.307052738512
76.461411258178
58.222571960687
212.811294239602
248.774502849456
31.767309303113
58.445982 191857
229.713390612127
71.031528249615
86.996742902726
354.851868593742
322.333211155163
106.874354050694%
64, 764764030847

SEMI-MPUnE 8XTS

2.76759321929698
2.773548717149835
2.6T0366275002 388
2.36161029132050
2. 5TTNENSIN26341]
2.42510%19537076
2.385686562518699
2.2032258081359989
7.3P5574P973341] |
3. 1466506940895
2.6535019%196363
2.3338%239333830
2.57587868184 387
2.596570147805 15
2.640802083503%44
2.92557063446 608
2.469634 76901787
2.29103321620346
2.44231325207360
2.409036068503568
2-43T7T6R607AL 0895
2.90925360683100
2.62795675803899
3.13755939010890
2.40056450277230
2.65537782882893
2.34740419043575
2. T75844231455%7
2.55499457304569
2.36526862575886
3.15394341912548
2.5060D450962742
2.85825433948580
2.6879529334500A
2.99826872305532
2.749832670546725
2.64343314337450
2.73915301512029
2.76B809039R809 160
2.26650580851165
2.76362616306375
2.43827025043765
2-20322428876145
2.42255576413000
2.72063690155312
2.,52632456299509
2.BT75728B655580
3.113773835672334%
3.09549253570363
2.65232732483452

2444300.5

SCCENTRINTITY

2 G731 74649059565
-233301352312112
-« 25479260648134
-05985029636696
-1B84N1029969678
«2036448]10°65R7
«229974189800T1
- 1560063811897
< 12191317472737
- 10437536418561
-10110357465378
< 219F7TBe2325612
-08555567552867
«1659R8552691108
-19I094503974657
-13387713%07251
-1l3789%34737711
-21753106399957
« 156476475331 76
+1436561640644992
« 16393654621375
«»10303078046840
«23257261298266
»1226111652135¢%
-25564715%78793
~08T93017844407
- 17108502101669
0 1537724236569499
«07117805012258
+12623531685542
«224753772493697
+08429431988407
«=34137133712409
e 10301467B079&4
«22382488095110
« 298901RT458270
« 1745130356413
«15%6432939209406
«10393100157741
« 04699035016292
«263393578PE4029
+22T11414868%11
-16918325283069
»15211856955700
«08375463803476
«186905565315833¢9
«135625457868535
- 0612117904%598
«22709722228835
~28552179169568

MEZN MOTICN

TT0. 642765932259
T68.16210131027
812.97651717250
977.67635972197
857.6736588859%
939.5301072539}
962.91173891539
LOB%.686046637565
$62.379325727%%
635.673009859072
023.266255736446
995.16821577529
B58.25919576£201
®52.94333101450
826.80442774178
T09.07258176006
914.23423156891
1019.19119179212

92Q,.617992075609 -

F48.94626561524%
932.26613T736615
715.415157509461)
832.8T7T413726321
637, 43TAT268550
953.973927419463
B20.00610830662
986.562858485846
767.2094385831 8
268.83035770022
9715.40599945397
632.66952661197
852.TT19B0Z1635
T34.26912545652
BD5.144097140638
683.44055041090
TTB.12106664327
825.57033060410
782.67621174263
T70.43505046617F
10329.85149385732
772.302R3526038
331.35810005016
10B4.97194557485
941.00777440788
750.67589904518
823.63484196403
726.88729073128
645.TE£T19174984%
651.49626908795
821.42117743469
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aRLPER

T3 664010613390
310. 128111478975
247,198303644071 0
150, 787302328001
365,745 254665117
23R.055102648076
144, 076211063527
2R4,Y1172RRAL1INRG

& .293304Y 70377

308, 45AINSKS5TLS
153.599R46RLNEH4 D

€R.6T11950G2AS]

79.,.303155°2311L

G4.B23635551h44

Q6. 59967403759
224.14557991840 72
136, NIDALSABILNYG
227,065349R101361
181.012776526579
2%5. 54TRT414T37R
249 ,9P6325673424
352.0%11689370771

58. 49670R0125° 7
111.746968267172

90.06N3TTLT441 4
105.7R2454006211
355, 0494 & BII0RNG
339,935380885203

£3.729826398069

85.944331397R98

64,.035457 270240
317, 580852941255
21315,611954745 445
2R .O6E5635N03404
210.6910R6992355

45.7834/13ST044

€0, 9660R32550661

166.97468R1 74491
209.420707689994
269, 525158520709

43.4051003221320
235, 713197850669

15.475502514091
342.079400345514

BB, 4HRESLLE G450
175,200311922253
310.898493015979
PET.4TLTCTI27091
106, 466002R3RA2S
199. 130703099587

AETLD CF MIMAD DL AMNFETE

rne

A0, 116673387940
172.731645313190945
169,920310474079
103.52n0n05248315
141.42909365701707
13B.&62TNGA4NT504
259, 510216254776
11N AT 4aRT4AN2

HGRLOAG I VARG
2A5.140(
12517220 1342445
IS, MM TRNILTT

W da 2RNERI24DNT0

HA.ST 1984719857
293, 285528296530
150.,38274264R7159
125.156459553289
150.251761735402
21L1.T50323568Q706
2N6., 2070642062730

BRO.SB9 213612224

E5.45 1747487342

67, 121362F29537

36. 230774364889
214.21%33607TA0554

4£5,3012457 20097

94, 43255509178%
144.3P0705NP7327
255,335743504047
307.6519701 94637

3IN.7455040571 64
22N 36T6TIZRE6TL

8. SR HQIS . L00Q
184 ,019163A7981 4
254, 120063550012
3150, 862370R672537

Tt BHK259TOLE2T
296.021076665003
157,.04R35%344588

93.4%9571A%15429%9
178.405203] ORI
84.359550%7N6L7T
264, T21 7CAR1 83959
131.20R095%56 66516
16 T.EAT 29295176
19C. 250202317355

3.5031324819839
1RI. 736500773438
2BT.92404437T7056
173.46483264299539

IRT&TT9

THOLYMNATION

10.58331AATHYL]
14,8137 74479
13.009%23&6147217
T olal26N3IK8LRG
5.341493%152079
14. TTOIBB6HTLTHE
S.QQh?SﬁQTOﬁQI
G, BUAINGLGL ALY
SLGR22TH1RTORS
3,80515R&636972
L, bEhRTN6321 108
BT INIATS
Lhaeas by 07 LR G
I R Y RN
1, 7a 149 RI%4524
3,0RB4TLIENHGE2
5.09078731478513
10.145486407R7 2
1,558820884721
fTOOREATLE 202
3,.07i8M%6385h08
13.72750GT3T648
10, tA6AL&Q4TLTT
LTET506T29850
21.%521645AK19572
3.5545903294576
1.585B2 7744802
G.4] 342729R507
6.0B7T1lR3940338
2.095694996306
26.339354504879
S.4631812872¢38
1.903130405304083
5.50565083566331
A.0%2427527%339
19.5461402727333
3,.0F50/9605133
6.89TIR2726FP3I4T
10.3733909937197
.25T0713577139
15, R77152479516
5.536429238102313
3.473963230506
3. 710313435173
6.595422502004%
2.321637740G2313
4,.9923466143233
6.550889518956
3.154%808322348
2.8339409747389

NEFULATION 75

MEAM TANNMALY

2TH.TLBL 22753067
FATLLI1022796720
6.+ 2RT39761459
199.N010855&1 739
137.2522387?0175
341.674315595521
741.00572174721748
R TSR LIS T AREALOR WA
W2 P VAU P L
Lol 21060 0342105
3N A543 6%08 3
NG LR A R
GALE LY LAGBEADE
A5 T3 AMITILLS
DL AN A0S
L0 L 1305305540
29T7.14462021T056 2
233LRSHILS 22713
170, T2T4 954,507
234 ,760R20Th7A535
263.676TTEARGYSG 59
2642 ,0712650402401]
234,723 2]1R443200
333.723A035552504
T.94799975274133
109.896% 26022519
G4 . 40220H136LGTH
136.544103143372
9%, 079582704884
143.961241093293
97.%3363 10660147
269.3702767697T519
345.%523930333405
191.6983583881351
17.439279355230
116.631409432741
324.0G0201 894487
163.6371504241573
143.0260630360489
329.64T01630461%
334.6700760450019
1735, 207784536R739
179.1141R227%4289
334,1 74814408949
158.16844T149274
1R4.570335644142
T, 7460103239729
13,5049320137334
1 79. 947615620897
155.423307082911

JULT AN NATF

SEMT-NEgOR £ XD

2 TEOS2TRETINZIN
2. 77320146465 204
2.6718337212% 7%
2361007701395 T1
2.57752221333457
2.,425619449021213
2. 3H34089139451
2LAOLEY BT LALN
PLTRAOLSOONL Y L,
BalaH74159527672
2. HSLIRRTENTLISNT
Z.33395340 1,0 781
2.57T718479092 194
2.OGRGH1GESTR] 805
2ubf L aRA14101 708
2.92%117331R0hGY
2.4TQ60LTTAIEYAS
2.2754P L4GTARTAS
2,447 T4 55 906
2.40R% 522570673
2.43541680727823
2.90031208141378
2.627225B0505207
L1IRIAL2T0DHE534
2.40074600517033
56551395063 8459
2.3478337261l06046
2.7762735740889325
2.556BN55T4A93565T7
2.3660732940859672
3.,15155808429597
245863T719%12643044
2.R5927942218824
2.6835028RT7T61850
2.996421 701279196
2.T513RK60TA69RT
2.E6319L43204674
2.7335307T2452730]
2.77143298705 763
2.26TO3IS91024426
2.T65251BLOD0D4SE
2.439050332123155
2.20282723219389
2.4718140415%1199
2.T1I904559768265
2.527375246641300
2-BT6TTLTS596%253
3.11432530527311
3.0922339837T482%
2.5653237389R81517

244660000

FLCENTRICITY

LN7837T6)1633756
L233183E6T1IRTT 74
. 2%501005321342

393034362094 021

LETTICEI2364FR]
. 203556 69681567
L22g20TIRTATTL
L1563 19060148
L12239H1%372195
2124726347590025
L1037 20752959
L215901425379029
S0B6109%0 536769
.16550%3a0084207
L 1ERRSTE5AZ5240
L13I5190°226844
»1368T7T136366535

VELY MOTICN

171.088096%6426
THER,24156233822
A1Z2.39642°0%508
ST8.04B867508617
B57,.438441413344
9139,23133965403
962.81R34716946
1086.16007423087
967.32874377556
£35, 234846650317
922.94641049075
905, 10360732313
Pl 0574472818
952,416082237230
R26,48223645428
TNG.,237414684727
913,69475579467

.216500#65&320?_1020.09[4880263?

L15702455 748396
P 143541 30047363
L1AY 72408345769
L10dAR143620823
2329675151302
.122985TL9T6695
. 255R56102196096
LNABLTTOHTALH4B90
» 1712938979593 5
« 1534530793463
LOTLITT11G893318
. 1208025835473
22247033 74807947
.0B8158472531402
.3641497280364P3
.10692127191969
.22032220489884
.299285315700123
L1T427TT57562673
. 15614706284304
.10974291 769781
- D469R64T 502665
. 26398133527222
«22688R51L3T4N0GGL1
J1691R37H1IG0N222
153068645197 14
. 08409507502338
«1594807519893825
«13619012551577
.06137255032359
.22805645219006
L28681344970362

G28.7964G171375
246,372353%5054
F33,654450490556
T15.0748N666124
B33.21960667351
638.19717355%61
052, B465744C05267
819.83660258562
QER.2B493300754
T6T. 11436681636

86T.8RD469T1720

074.50645902693
634, 1A8RARZGD44
B53.04139513394
733.87429567458
804.89748696745
604.0685950655%
777.461933811139
825.6R217390489
TH2.51435150961
762.041907605T1
1039.486792007T44
7711.621902718768
931.48378095223
10E5.26530579640
941.44593675154
790.97961324373
883.08392260840
T727.19094857932
645.50567565087
b52.,52634651774
£20.99859036537

CPB0ZPI-ISIN'T
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ARGPER

T3,733095C461 1363
310.191365990242
26T7. 186445369173
150,45139¢ R4 147
355.TAOL79867730
238.031235202653
144,027419573852
?R4,294RL]1TB5102

5.102593749515
308.518155353071
193,R8842146203955

68.51U9146944 839

TH.ETTTE5671 351
94 ,920K9STTL4ER
96.53610626TAR23
224.064275987499
136,175816359213
227.035643565EC7
181.065464P039CH4%
255.722410115329
24, 004A7025°0)GC18
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21.555C75920215
3.55690T2R%50483
L.534&861030529
9.412380450953
6. CRE1ILTBTO38
2.094453071943
26.311957692254
5.4650630261 62
1.9031999016725
5,5069964620901
A.040008613113
18.561444157389
3.0749651 24995
6.9689315620520
10,373357241567
4.257275827106
15.8778041 40462
B.53C87546520Q
3.46999590381s
3.705599216844
6.595514355646
2.323431702296
4.992343473005
6.554034301372
3.155191152157
2.B37453861804

OSCULATICN S JULIAN

MEAN ANIOMALY

2.3LTFS569T70589
352.,626001L724136
156.4C5400178711
307.9733704803¢62
232.1541080014444
B6.102710249019
368.0544BR12528Q
350.925208179528
189.491293809100
221,985630132700
338,789%93380355%
279.943552571609
139.46457A91930429
140.510334025235
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&T7.109343982229
280.9569135753130
113.324185349531
193.1979457515649
55,716582115386
250,392410362364
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2.4251L001574518
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715.0009R588214%
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77T8.57697T46838
825.81742153715
TB2.15234122046
770.01078157185
1039,73064099587
T71.92417350383
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652.7642634012%9
B22.74016082991
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2.59665362680779
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822.95827080763

E¥602 I~ DSIN'L



LMSC-D420943

Appendix C

RECTANGULAR COORDINATES AND
PERTURBATIONS AT FUTURE DATES

LOCKHEED MISSILES & SPACE COMPANY. INC.



LMSC-D420943

Appendix C
RECTANGULAR COORDINATES AND PERTURBATIONS AT FUTURE DA'I‘ES

Appendix C con’tains the perturbed equatoriai rectangula} coordinates and the
perturbations in these .rectangu{lar cobrdinates for the minor planet 1 Ceres at

each 4-day date from 1972 October 10 (244 1600.5) throﬁgh 1953 September 23

(244 5600.5). The perturbations are always with respect to the elements osculating

at the preceding 400-day date and contained in Appendix B.

Note thai the perturbations are listed in terms of the 10th decimal of an astronomical

unit.

C-1
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2441788.5
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2441796.5
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X
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~7.399020151476108
-2.248519R1RT934245
-2.3711509458337163
-2.3562R74079074663
-2.340801494859093
=2.3247L1106382239
—2.30871R2AI 1485137
~2.280729] . '625950
-2.2712RSN0733191449
-2.254337490R28705
«2.235347954 7660461
-2.21573R17A99R8%28
-2,1€55649932934635
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~1.81303296722631491
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-1.715069800259502
~-1.6852147697755655
-1.65496205508054%
-1.624319169497674%
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-1.56189 7226786045
-1.530135623R53010
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-.244275503433705

-,08124597744566458
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~1.T6682450RR38220
-1.77552423092R376
-1.,803788531220619
-1.831612416348918
-1.R5RGOD64BTIETAE
-1.88551814570T475
-1.912389%83631201
-1.923401288254967
-1.963947743900512
=1.98302458756225%
-2.013627608341096
~2.037752645824256
-2.061355689264657
-2.0384552877645322
-2.1072204995%4861
-2.129394952586910
-2.,151072942337251
-=2.172251081414075
~2.192926287957704
-2, 2130955B84752568
-2.23275613T795477
-2.251905255093580
-2.270540385443383
-2.28B6%9117132838
~2.306259176654805
~2.32333842T41411%

z

LATE3114989G2] A6

.051944598131843

-020639111817946

L0E217473620373A
-.007171 76560781148
-.027608024153929
-.04T821157562151
-.0671618786935261
-.087215044587720
-, 1077645548645631
-.120R4R327°413482
-.lappltA33TIO22A]
~a 1661506054354 464
~.1RLN401R174743]
.2056821¢3751168
222527169328054%
«2448030580820A82
«26472T74193541958
L2RIGTTEAIIATD2]
303303764 097501
3222458158652 39
+34144120551R421
. 3605316646351 89
.37953249095%: 08
.358439369278535
JAH1TZATIS62R1191
«435353565335447
.&5455316T7T238691
L473041390931957
«491414524181758
- 509668514240118
«527799368491042
.5645803155075006
.563676003426504
+5B81414106567731
«599013711033544%
6164T1136662170
LH633TB2T56TIS457
«565094500P643927
LB66T7994392676220
+6R&807471818083
+701500873151392
.71B031286855691
. 734305466657361
«750590229913236
JTEH612457504408
JTR2450093816630
-.79B127146719153
-.81361368T7486381
-.8268915850712971
-.844030834215694

1

i

PEITYRBATIING I

-0

752
1029
2362
4283
&R22
10010
13876
18446
23iray
29405
36652
443132
52302
62426
72961
84549
Q7217
113985
125863
141860
15P98%
177239
196627
217151
238812
261602
285522
310565
336723
1563986
392344
221790
452321
4821952
516710
550634
585758
622104
659685
£93506
738570
7796882
822449
B66279
911382
57771
1005459
1054463
1104793
1156480

-0

133
530
1142
2085
3239
4h4al
6294
g19n
10353
12755
15395
18265
21365
24710
28336
32283
365913
41303
G L4457
52053
58147
64156
T1894
79588
87855
26711
106171
116247
126948
138281
153244
162831
176026
189811
204172
219110
236040
250786
267566
284598
303090
321848
341278
161330
382154
403602
425724
448519
411988
496132

DEC

-9
-4
-100
-190
~-312
-469
-661
-g90
-1157
-14867
-1826
-2244
-272¢6
-3270
-31864
-4490
~5129
-5783
6375
~£951
=-T&LT9
-1945
~R339
-8450
~886&
-BoR0
-8%82
-8R54
-8619
~8243
-7733
-7092
-6326
-5445
~4458
~3362
-2155
-g22
64T
2286
4061
5979
8084
10364
12818
15452
18268
21269
24460
276%%

EV60ZFI-DOSIN'T



Fad

DB NN WM

STEP JULTEH DATF

51

52
33
54

2H4418N4.5
2441804 .5
244181 2.5
2441°16.5
2441820.5
2441 R24.5
2441824.5
2461032,5
2441836.5
?441B40.5
2441°4644,5
26441048.,5
2441852,5
2441P25A .5
2441855
24641864.5
2441868.5
2441872.5
2491RTH.S
2441BRD.5
24%1A84.5
2441888.5
2441872.5
26441°96.5
2441900,.5
26441704,5
26419NA.5
24419172.5%
2441716.5
?74641920.5
2441924.5
2641928.5
2441932.5
2441916,5
2441940.5
2461944.5
244194B.5
2441952.5
2441956.5
24419605
24419A4,5
244196B.5
24419725
2641976.5

2441983.5 |

24419R84.5
26441988.5
7441992.5
2441996.5
2446420N0.5

1 fSRES
X

-1. 134470614724275
-1.15977d273951073
=1.123756783773167
-1.208N54714 3611487
=-1.052L115466572288
-1.015%%35377354801
-«277535208735966
-, 14291 9801503346
- 06 TINI262502
-—.H600T7A2475729T42
-.A318LB551604%67
-, T944RN514515516
- 755919814963 740
~.T1919A1N9022427
-.5H1318772088553220
- 43204 ]1RNCLTHL2
-, 6351331 4048L6AT
~. 5448436 70017591
-.523433678034482
-, 4809122575661 25
-, 49128 7664000925
-.41256B322312961
-, 3T3ITE2616RILZ2TY
-,334878399021694
—u 295925401 736445
-.256910639742A25
~,217B42603140942
-~ 1 7TRTZ295%656T35653
-.13957n673464111
-, 1004310297791 21
-.061201694644°9345
L0219895683816940
.017227030437051
.056440522387243
09564 291001465
+134R263T71521109
.173983115842584
L213105412419113
«?521R5502010755
L 2A121599N1653T7
.3301A9057847514
+3RI0GT25698T735%6
L 207333111943310
. H4B5R3200189910
L4B85358152375390
«5237326531513463
«562405441682525
H00769311935888
L63901 7113954242
LOTTL41T796652T69

CECTANGULA® SPACE COCPDINATES

¥

.'2.33QQCGF5R%37355
~2.3559246310090H
~2,371431CHTIR4THA
-2.386409331121163
-2, 400E5 7101526003
“2.614774226730700
~2.42B815972720716187
«2.441011079652910
- 2.45332BB35046406
-2.465111623B234404
-2.476359742203R59
“R 4BTO0LTS09T44L107
~2.,497261662354890
-2.506RB05T8380958
~2.515%AN0J1351ATS
-2.52454205867877¢
-2.532566449903200
~2.5640053345216805
-2.547002933997220
-2.553415513304NB8
~2,5592914R85620761
-2.56467%13614721505
~2.560435749T771998
-2.5T3T105364376T46
-2.577441021279554
-2.5006426323R234R
~72,5833147210040825
-2.5B85453362259172
-2.587063750960414
~2.5881452896R9052
-2.588609742192560
~2.5BB773672194T197
-2.588233491578R48
-2.587216001641409
~?,5A5677RB9A51322
-2.5R3IH20GTR3IAGL3I2
-2.581047174361899
-2,577958466724510
- 2.574354925657934
-7.570244701104542
-2.56562402149R408
-2.560497192471189
-2.554866595514541
~2.54R8734687277076
-2.542103997405064
-2.534077128439436
“2.527T3567542752303
-2.519245619248551
-2,51064653T006622
-2.501562388985%278

z

-.85R355p2023 25577

- ATIRHAIEATHIAGG

- HAB2EH30662]122

-, IN7R651361722 39

~.916104201 06421

~.33064097TASRARD

~e9443T252RBOLT?ST

—,a5TaGATAY 4TH0]

-.97T121137293445206

~.9A86314240844210

-.,9°7223223212402
—1.3%0937&2583634612
-1.022331344793562
-1.0345665404LE5873
~1.04457T9G6343061273
=1.05R3I69TRG 250037
=1.069924252519595
-1.0R127T16467114413
-1.092380322136407
-1.103258685459068
-1.1139065201302336
-1,124218390254302
~1.1344968287966R5
-1.14443914B98R774
-1.154144038073056
-1.1&3610238140100
-1,177336545736999
-1,1R1921811267753
-1.190564938062773
-1.199064881362G51
-1.207320647T6R2160
-1,215331296752953
-1.223095931494093
-1.230n13717641205
-1.237883B635N9332
-1,244915629380327
-1.251A 78324887799
-1.25820130865A638
-1.7h644 73987684638
-1.27T0495814845029
~1.2762662%8416374
-1.281784931573871
-1.287051461919%46
-1,292165381011980
«1.296826425919441
-1,.3013343287989606
-1.3055RABLLS10E4T
-1.3095R9860257226
~1.313337175181580
~1.316B307197627951

PEATURBATIINS IN

1235579
1763958
1319747
1377335
1635732
1455917
1557645
1620783
1 685983
1752705
1821164
1851389
1€63393
2037193
2112799
2190213
2269460
2350525
24334165
2518129
2604659
2692996
2783123
ZBT5036
2968700
31064102
3161227
3266270
1360645
3662971
3567061

1672914

37BOS20
3889860
4000913
4113660
4228081
4344160
4461883
45812329
4702219
4A24819
4949035
S074857
52023210
5331398
5462113
5594482
5728533
5864313

520648
546416
572591
© 599403
626R58
654G4]
£8364%
T12494]
T42%76
773667

805088,

837274
B70255
904054
938704
74221
1010620
1047353
1086209
1125418
1165596
1206758

1248914

12920170

~133622%

13811372
1427489
1474553

L 1522544

1571451
1621278
1672032
1723711
iT76310
1829810
13841rB
1539412
1995444
2052243
2109760
2167044
2226739
2256084
2345914
2406160
2466748
2527594
2588609
2649655
2710746

10-TH DEC

31424
15204
19184
43365
47740
52306
S705A
67003
67155
72537
78171
84081
95288
96817
103673
110891
118484
126472
134874
142708
152994
162748
172988
183728
194980
206751
219045
231860
245196
259060
273465
288428
303566
320092
336815
354142
372075
190414
409758
429501
440838
470761
492259
514320
536931
550075
583731
607875
632477
657505

£¥605vd-DSN'I



-

@O W N

STEP JULTAN DATE

2642000.5
2442004,5
e442006.5
2442012.5
2462016.5

2462024.5
26420243.5
2442032.5
2442036.5
i0 2442040.5
11 2642044%4.5
12 2442048.5
13 2642052.5
1% 2442056.5
15 2442060.5
14 2442064.5
i7 2642064.5
i8 2442072.5
19 2442076.5
20 26442080.5
21 2442084.5
22 2442088.5
23 2642092.5
2% 2642096.5
25 2442100.5
26 2442104.5
27 24472108.5
28 2442112.5
29 2442116.5
30 2442120.5
31 2442124.5
32 2442128.5
33 24642132.5
34 2442136.5
35 2442140.5
36 2462144.5
37 2442148.5
38 25442152.5
39 2442156.5
40 2442160.5
41 244216%.5
42 244216B.5
43 2442172.5
4% 2442176.5
45 2442180.5
46 244214d4.5
47 2442188.5
48 2442192.5
49 2442196.5
50 24%2200.5

LS W= O

2462020,.5

1 CERES

X

BTTL41T54652325

WT15134198436099

2T52993466T4649764

«7907Q6e 37018882

«HZBZ26MH421417T1

B656732708394821

+902913168412454

«333981337134553

«BTEYTZEITAR2099
1.0135789485978995
L.050094359557107
1.0BL4 12291780825
1.122526374023941
l.158430259210341
1.1941171553890565
1.229582326291393
1.2L48181023644087
l.2998 10866632897
1.33457T85€6225¢922
1.3649091191169566
1.403350814 3693533
1.4373515524659361
1.471087586328991
1.504553157429378
1.5371742567059865
1.570650175046922
1.603270398953390
1.635597714433992
1.6€67626655536¢€15
1.639251815101373
L.73076L7845412825
1.7618692457901639
1.732651423461095¢6
1.823108572328842
1.853235794496236
1.883023G39293286
1.917480315676063
1.941587692200649
1.970345297058735
1.998748318122686
2.0267192003020134
2.056471659268T444
2.281782654689079
2.108720417790323
2.135280434676062
2.161458269262980
2.187249522624754
2.212649871719847
2.23TE55068LE0€656
2.262260845126505
2.286463112715836

RECTANGULAR SPACE CNORDINATES

¥

—-2.50i562388986116
—2.,6319%6122371845
—2448l950748105135%
—-2.4714293393822350
-2.460435033650487
-2.448971027865340
-2.437040582395525
“2.426647T0L7643693
~2.41179371131543531
-2+39B48410H260547
-2.3B4721697456002
-2.370510033107180
-2«355B527225682995
=2.%140753427800408
-2.325215864319517
~2.309243800517834%
-2.292841056601208
=2.276011504863348
=2.2587590&7005911
-2.2410B7715524003
~2.223001472120970
-2.204504507207310
~2.1856005638804829
-2.1€€294330938030
—2+1465496920480312
-2.126490974434786
-2.106002474517368
-2.085128532718954
~-2.0£3873533439¢61
-2.042241904581701
—2.020238L1££552¢€4
~1.997866682041682
-1.975132154621811
—~1+%52039128963150
-1.928592239792316
~1.9047960161L483155
~1.880655607511848
-1.856]17532996304%
~1+8313€01190¢3760
-1.806214302753118
-1.T80T44246300735
-1l.754953351977882
-1.72884705B8745053
-1.7024303418097¢6
=1.6757CB211775621
-1.648£85713268833
~1.621367923615992
~1le593759952411460
~1+565B€6942013812
-1.5376940567902035
~1l+509246538401001

Z

=1.3168337177£3189
~1.3200704448991172
-1.323056342854677
=1.32578 3446TEEE30
=1l.3282668304089483
=1.3304%LE0BE35917
=1.332462936368272
~1.334181009022990
=la335¢46ut1625134
-1.336854368472036
-1.337H1 8242659523
~1.3365206u35644083
-1.338982136825926
-1.33918£%73152870
-1.3391410N47425608
-1.3388447445040¢£5
-1.3382987T17789299
-1.337503502067506
~1.33645570£629711
-1.3351A479T76335498
-1.333£28591337975
-1.331843467070577
-1.3298]12153245005
-1.327535333771108
-1.325015325252650
~1,32225147£9982¢8
~1.319245170939351
—1.315997321842914
-1.312508877132721
-1.308780816869294
=L.304814]153346094
=1.300609930706962
-1.296169224815806
-1.291493142875339
-1.286582823175241
—1.281439434865455
~1.276064177708768
~1.270458281855873
~1.264623007638633
=1.258559645382476
=1.2522€9515247939
-1.245753967108584%
~1.239014380454854
—1.232052164254647
~1.224868756610221
—1.21 7465624093855
-1.209844261009863
-1.202006189072065

-=1.193952957634608

~1.18568614395545%
-1.177207353175923

PERTURBATIONS IN

0

1555
6334
14410
25887
40849
59378
41553
107458
1371176
LT0794
208402
250089
295949
366274
40055¢
459687
522958
591057
663674
T4l49¢

824019

911549

1004207
1102121

1205410
1314179
1428520
1548515
1674239
1805768
1943176
2085532
2235910
23913719
2553010
2720872
2855034
3075556
3262537
3456014
3656268
3g62773
4076214
429649
4523723
4758040
4993574
5248642
5504760
5768438

=0

-125
-526
~-12e5
-2239
-3583
-52717
~T7343
-2805
-1268%
-1¢£019
-19821
=24117
-28930
=34279
-40186
k. 2-1-1-1:}
~53745
-61438
-69721
-78771
-8847¢4
-98914
-i110121
-122107
~134872
-143408
-1627T09
~-171775
~193614
-210240
-227671
245928
~2565041
-285039
=303960
-327842
—-350732
~374579
~399739
~425975
—-453460
-492274
-512509
-54426%
-577632
-612696
-649527
~-688190
-7287157
-771304

10-TH DEC

-0

92

3159
833
1494
2363
3450
4164
6312
8102
10142
12440
15003
L7842
209686
24386
28114
32160
36536
125}
L6312
51721
57451
63593
70070
76930
B4198
91899
100055
108686
117807
127433
137575
143242
159441
171177
18345}
196264
209611
223488
237882
252780
268159
283991
300243
31e881
333576
351204
365844
286774
404987

E¥60CPd-OSIN'T



-0

-

O w AP

STER JuLlAM DATE

51 26462204.5

52 2642208.5
53 2442712.5
54  2442716.5
55 2642220.%
56  2442224.5
57 244222d.5
58  2442232.5
59  2442236.5
60  2442240.5
61 2462244.5
62 264224H.5
63 2442252.5
64 244225645
65  26442260.5
‘b&  2442264.5
67  2442268.5
b8 2442272.5
69  24642276.5
70 2642280.5
71 2442284.5
12 2642248.5
73 2442292.5
T4 2642296.5
75 2642300.5
76 2442304.5
1 2442308.5
78 2442212.5
79 2442216.5
80  2442320.5
81  2442324.5
82  2642328.5
83  2442332.5
B4  2442236.5
85  2442340.5
86  2442744,5
B1  2442348.5
88 2442352.5
B9  2442356.5
90  2442360,5
91  2442364.5
92  2442368.5
93 2642372.5
94  2442376.5
95  2442383.5
G6  2442384.5
97 2442383.5
98  2442392.5
99 244239645

100 2442400.5

1 CERES

X

2.31025776340u2831
2.233640770238489
2«35€E001ETL0428%
2.379156049039040
2.60128057T2+23033
2.422377T954945068
2.444244475748732
2.4E50764T75529415
2:4854 70356621747
2.505422583100071
2.52492968B0890622
2.563988237915698
2.562594904 319042
2.530T746392860050
2+5084354TH5637¢6
2.6156710045k7195
2.63243187225%56816
2:64BT37051171949
2.664565572322815
2.-675920528814677
2.6%4799076318930
2.T09198433529764
2.72311583°2742576
2.7365487706T1419
2.749494508331097
2.1619505T1506830
2.773914501079801
2+7B5343903149821
2+726356449345183
2.80£829877091232
2.8168019898796%3
2.8262T0657560698
2,835233816656540
2.8436B9470717933
2.851635690771914

2.85907T061594885¢

2.B6599 2454373981
2.872399484210959
2.878290054297878
2,8836625831804949
2.884515561320816
2.892847544509593
2.896657160916902
2.899943108T04562
2.902704157520517

. 24904939149596132

2.90£€64699331 3646
2.90T7T826696968101
2.908477303371882
2.908597956263520

RECTANGULAR SPACE CRORDINATES

Y

~1.480529594656069
-1.4515485098485%00
“1.422308589632957
~1.392615166923278
<1.363073611233631
~1.333089318301617
~1.302861T14T19198
~1.272414256527249
~1.241734428857157
-1.2310833745594929
~1,17971774909007%
-1.1483920094880894
“L.116RE2126510249
-1.085133725225C58
“1.053212460154114
~1.021164C11570735
-.9388 14045632182
~a956343412675553
—.923712747006423
-.6909128t7511418
-.857954578119551
~B24843707637104
-.7915861076350131
-.T58187662761067
= T24654268299457
-.690991852056T40
-.657206362809177
-e§23303712229413
-.589290074615782
-.555171286580752
-.520953446T82062
-4 B6642615671492
-+4527244875269578
-~ lT16632897930)
-.383213101441829
-.34859]133439641C
~.31390720639529¢
-.279166892092512
-.244376600999296
-.209542556290784
—.174670998497082
~.1397¢8186101200
-.1048403959622372
-.06908939231 06444
-.034935080751088
«000029800453728
«334994372949165
069952272480534
«104897118760598
.139822515863865

T
“

~-1.1685%18218295020
~1.1596203499962002
~Llal50515%R€ 141324
~1el412C 5492083216
-1.13169166N032163
~1.1219764459064406
~1.112061084945005
~1l. 10194 755998481%
~1.091637732862637
~1.08113346478542334
~1.070436690149535
~1.059%44%31A89015603
~1.0486732940606252
~1.037210602959306
~1.02576325086£291
~1.014133268798908
~1.0023227128597126
-+9903336637688633
-« 9T81lA6KH226325632
—+9E5828529925G47
-«953316T723912142
-e940635002524562
-« $27TN 5555077751
-.314770615731058
-~ 901592438283 384
-.B88253301243843
-.B74755%07560913
-.861101384600833
-.847293284056633
—«8333335818&67134
-.B19224674156345
-.8049E89971764 38
-« T3056898T279315
- T76027120905070
-« 7613453946066 3%
-~ T4BS2TR290952C4
- T31575449235399
-.TL164G13838315645
-.701278165080520
-.6B593B427961155
-.67T04T46810034268
-.6548899971 789618
-.6391846597018622
-.6233£ 7392841878
-. 6074350893715 34
-«591392442014090
-.575242226215412
-.558987242554501
-.542630313991552
=L 526174286277168

4

PERTURSATIONS IN  1G~TH DEC

6040189
6319533
LEQORTBAS
59022380
7205553
7517342
7437596
BLEEGET
4504111
BAS0592
9206377
9571337
9945751
10329802
10723689
111271627
11541452
11966614

12402161

12848729
13306550
13775850
14256354
14749791
1525488%
15772341
16302500
16845482
17401562
17970815
18553957
19150743
13761565
20336655
21026245
21686566
223494858
230341372
23734376
24450142
251681938
25933017
266945620
27475431

28274327

29089887
299228886
30773554
31642114
32528791

~8ls591L7

-BH20684

-911699

953060
~10163£3
-107320¢
-1132197
-1193925
-1258494%
-132¢000
~1396542
-1470217
-1547123
-16273861
-1711032
-17582 36
-1B89061
~198357]
-2081811
~2183810
-22495%4
-2399184
-2512598
-26293853
-2750955%
-2875909
-30047TU9
-3137344
-3273793
-34)4027
-3558011
-3705701
-385704%
-4011984%
-4170459
~43326C3
-4497747
-45666616
~4838318
-5013334
-5191322
-5372121
-5555563
~5741472
-5929669
-6119966
-6312166

=6506064

=56701442
-6898075

423389
442305
460775
479654
498597
51755%
536475
555306
513991
592474
610696
628593
646102
663152
679670
695578
710802
725273
7318933
51727
763602
174505
784379
793165
800807
807245
gla42l
816277
81lBT54
819797
819348
817352
813753
808495
801521
192773
7821488
169704
755261
7383812
720316
699741
&TT1060
652243
625263
596091
564703
231074
435185
457017

£¥602 - DSIN']



-~

L0~ Py

STEP JULIAN DATE

o

244240G0.5
2642604,5
2642408.5
2442412.5
2442416,5
2442420.5
2862424.5
244242845
244542632.5
2442436.5
2642640,5
2442444.,5
FLE Y LY I
2442452.5
244245645
2442460.5
2442464.5
244246845
24424T72.5
204247645
2442480.5
2442684,5
2442448.5
2442492.5
2442496.5
2642500.5
2642504.5
2642508.5
2442512.5
2642516.5
2442520.5
2642524.5
2442528.5
2442532.5
244253L.5
24425640,5
2442544.5
2442548.5
2442552.5
2642556.5
2442560.5
2642564.5
2642568.5
26442572.5
2442576.5
2442580.5
2442584.5
2442588.5
2642592.5
26442596.5
2442600.5

1 CERES

X

2.90857795¢8 243293
2.930187067897027
2.907246326187149
2.9351T269%248771
2.903766415957875
2.901227006526227
2+893154063114589
2.,894547260532576
2.850406353112965
2.4857T31075844981
2.8A0521£45650518
2.8T4TTTT62:40029
2.868499607982216
2.861l68T7347201283
2.854341226C48859
2.8464615735]3253
2.838048802341831
2.829103410101553
2.819625980447796
2.80961T7183462047
2.T9907T7765AB41L9
2.76300B60538741 B
2.7T6410604110239
2.T66284T964346385
2.751632296165297
2.T344543C7900497
2.72647152127746953
2.7T10527144020¢45
2:695780837991947
2.6805147847124%3
2.564730654013681
2.648430211762637
2.631615321255268
2.614287944180830
2.596450140598076
2.578104063333204
2.559251982988513
2.539896239046158
2.520039290%03711
2.499683694044890
2.47688321064049C9
2.4574R7288807926
2.435652105997974%
2,41332952T468486
2.390522628210846
2.367234589332725
2.343468£99014849
2.319228353151360
2.294517056112355
2.269338421485585
242436961T72838170

PECTANGULAR SPACLF CCGRDINATES

¥

«13982251586£4371
«1747220526233%326
«209589303137295
n244417827096548
«273201170302512
«313932865021643
a348606430369418
«383215372654067
«4177531857196648
+452213351451727
«4B8L580340712291
«020874614816357
~555062626956971
22891468227 49015
=6231206348T77413
6569T73Q793¢65613
«63CT1084890G3180
»724316077382253
»T5178C6016492C2
«» 7T91103824446976 3
WB242TT143507725
«85729279524485247
s89014T7641679157
=322831598738828
«955339209438371
«F87563458425545
1.019798%929968040
1.05173780B690Le7
1.083473860269283
1.115000532218637
1.146311154392862
1al77399140049324
1.208257B87057435
L+23885079977238¢
1.2€39261290839651
la299392782124022
1.3292¢8704757773
1.358882499400563
1.388227617139350
1.417297520169122
1.4460B56B32922406
1.474585595170183
1.502790759306258
L.530694635508480
1.558290941056008
1.58557305196563%9
1.612534604281¢e13
16391691953 76844%
L.665470445265008
1.691631997920041
1.717047522589326

z

~ 3261 T42BL2TEHTT
-.509622927469391
~aa92976429820£99
—a4T6240405082480
~.45941689,417550
—v4%2508845324090
—-425519247941155
=+ 400646511022225%461
-.391307433127709
=.374091287958416
~.35¢8057354878501
~a3349493067343666
=2 3220387934%18944%
=.3045563645511362
~.ZBTD315756542R35
—e 289445756 729312
~.251809382573388
—.23412566 78446457
—=216397847853745
= l9B6291Td22T7494
—.180322934829 756
=16 2962413457603
~.14511092962928!}
~«127211818333997
~.109248434105620
~=091344150212439
-« (73382357049985
=+ Q05354064T1642567
-« 037419917522523
—«01942£1445738¢0
0014286188886 30
«QLE5891 754346100
+034563726723832
«05255154566¢78601
.070529070218853
-0BB43275THIET 44
«10843904379&318
«1l262643463%6876
2 l%226506862€L5T
«1601375979547179
«1779783069309015
«195783553555227
-2135496817T0647
»231273021782045
«244949890588166
« 2665765923847 78
«284149419031102
-301664650512850
+319118555411107
«336507391373912
«353827405580985

PERTURBATIONS 1IN

0

36l8
14623
3zisl
57310
89227
128552
17372¢
226123
285749
3510¢8
423532
EG2578
538290
E83524%
779487
884900
995648013
1115159
1239930
1371081
1508579
1652339
1302479
1954314
2121359
2290074
2464930
2645372
2832458
3025d43
32247934
34296448
3640616
3857370
4079583
430790¢
4541979
4TBLT26
50270482
5277498
5534135
5795674
EQE2406
6334218
6610593
6892605
TL78925
7469814
7765130
80464T25

0

-1353
-&228
14043
-25320
-39176
-56533
AR R!
-1G0936
-128325
-1584736
-192154
-229185
~269504%
-313077
=3594465
=4049430
~&b62932
-517129
-57T8376
=640529
-~705431
~T73325
-844847
"-918330
~994899
—~1073875
=1i55317
=1239318
-1325611
—l4l&i7l
-15064912
-1597747
~1692575
-1789277
-1387714%
~-19687738
~2089198
-2191945
2295835
~2400723
=-2506469
-2612930
~2719969
-2B27445
~2935224
-3043170
=3151151
=3259040
-3366712
~3474043

10-TH D&C

=0

431
1704
3785
6638
lo224
14503
19432
24962
31041
37613
446206
52033
53799
67892
16282
84939
934832
102923
112195
121601
131117
140713
150362
160040
lag724
179391
189022
198599
208103
217515
226816
235980
264996
253857
262567
271138
279586
287924
2945167
304329
312424
320467
328471
336451
344424
352404
360406
358447
376539
384695

E¥602¥d-OSIN'T



=D

50
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STEP JULIAN DATE

51

24t2604.5
264£603.5
ZhusbllaS
2462¢6186.5
20426 20.5
2642624.5
2642628B.5
2442632.5
2662636.5
244624646D,.5
25%42c04%.5
244642648.5
2442652.5
2462056.5
2642660.5
2602¢E64.5
2442668.5
24426T72.5
244267045
24%926B0,.,5
264268545
2442688.5%
2h62692.5
244269645
2442T00.5
2442T04.5
2442708.5
26442712.5
2442TL6.5
2642720.5
244212445
2442728.5
2442732.5
2442736.5
2442740.5
26442T44.5
264274B.5
2e42752.5
2442756.5
2442760.5
24427645
264276845
2442772.5
24427T76.5
2642780.5

246278445

2442788.5
24%2792.5
2644279645
2442800.5

i CERES

X

2.217594164546¢ 38
2.191036282732704
2.164026646138193
2-13c56760990E256
Z-10B60HB61267754
2.030329504%62534
2.0515555581 76830
2.022351954695353
1.992723341918783
1.96206745B3686599
1.9322108 60829170
1.901330672270u44
1.870057425180020
1.836379485687284
1.806307079382194
1.713846191582329
1.741002517737925
1.707781873741453
1.674190196186906
1.640233542597642
1.£695918091614513
1.571250143193737
1.5362361 18778305
1.500842561670508
1.465196137548C20
1.429183£35001863
1.392451966054465
1.356208164424608
1.219259384778576
1.232012901314857
1.2%64 76107892829
1.296656517899368
1.168561764217068
1.130199599293503
1.071577894229481
1.052704¢ 38398154
1.013587938607028

£974236019197054

\934657219242830

.B94359993622681

.854852911003647

.B14644652960652

STT4244012825438

.7336595944856983
.592901311191761

W€51977386431518

.610897343000541

\569670522094288

+528306361673504
,4868146404942892

- RECTANGULAR

Y

1.742310715067453
1.7672152599180z01
1.79175502800027%
1.B15923636125%56
1.839715092067334
1.863123100T772953
1.886141605251758
1.9087645373642989
1.930985868712263
1.95279961249399C
1.974199824726G929
1.995180606633518
2.0157361006605459
2.035860521959652
2.055548101353153
2.074T931463672484
2.093590013935639
2.111933118241353
2. 129416932949621
2,14T235992814657
2.164184896793202
2.180658309149962
2.196650962050597
2.2121576575481130
2.227173270045284
2.2416927+8720283
2.255711121160260
2.269223696438187
2.2827225067503987
2.294T11112670242
2.306£76997329703
2.316118176293993
2.32903019591499¢
2.339408697020090
2.349749417566028
2.358548195035283
2.367300969271497
2.375503785041033
2.383152794620941
2.390244260429597
2.396T745576 26387
2.402740176699226
7.408137726030390
2.412963934425903
2.417215653603392
2.42068893860677661
2.423983660796225
2.426494290205810
2.4286419119835553
2.429755658781247

H

L3T10T4835 195197
L3BBZA5H0T4a12716
40593368461 935942
f G2 AL ABLT9TANET
LA29.5631248068985
J456090831 732797
«4T2823298420145
~4BY456365813207
.3059868660945H3
52241037 7373731
L530723274190911
L55492 1728448033
.571001910304378
« 5869599488804 84%
~602T92133233610
LE1H4aT4513224526
«634C6330C395363
L564949466889466060
JHE4TBGTIELL0TSE
LE6T99293865109102
LE9649260€25846081
+T0GT695K281T651
.712445662T10086803
LT30983404998919
«753346135364122
ZTET54 1047599870
. 7815643832711 74
79541 23977932999
LB090B1361718473
LB22567561434377
.43586T7300255536
B4 B9T7HB98960302
.B61892657409503
SBT4611055697354
.BBTL283556[2%15
L8599441001859191L
« 9L 1564542354222%9
.923438075539103
+935115439883571
«F965T402T192142
L957810373090119
«968821064645436
.979¢02691805859
.9%0151898829712
1.000465360702584
1.010539789552283
1.0203719361135412
1.029958591559385
1.039296589345234
1.04B382807558689

SPACE COORDINATES

PEATURBATIONS IN

8368443
REYL-RTA-]
sG37Te24d
F202TI9
9621510
5543632
10269331
10597551
1092%0248
11263235
11630138
11739420
12283930
12624435

12969322

133164872
13665296
14015202
143664994
14717891
15070385
154233485
1577693
16130116
16483465
16836557
17183265
17541408
17392441
18243392
18592884
18941126
19287928
19633099
199706447
203171779
206556925
20993633
21327773
21659133
219871521
22312745
22634813
229529332
23267514
23518163
23ER4TLE
24187003
24464580
24778220

-35303239
-3jo8728%
=-3732992

=385 7978

-4DJ2155
-4105423
642016173
-4308794
~44086382
-450T7240
I3
~473C¢033
~&734ld4
~4HB6609

C=49T7T410

~506 6487
-5153800
-5239313
-5322595
~5404823
-5684783
~5562866
~5E350T4
-5713421
-5785932
-5856637
-5525566
-5992736
-6058155

C-6121331

-5183775
-6244309

-63025¢7

-65359490
~-6414828
-64685638
-6520985
-6571940
~ab2l382
-5669999
-57117285
-6T5354%
—-£808391

-=6B53450

-6897359
-6940772
-6933359
-7026799
-7069777
~7112970

10-TH DEC

392925
471236
LUYE28
418100
425552
435291
444032
452892
461691
A471047
432359
453849
459519
509372
519410
529634
540041
550¢e28
- 561389
512316
383401
594631
605988
517451
628994
640585
65219%
663797
675378
686923
698417
709842
721174
732388
7436453
154337
165003
TTH411
785519
735280
8040646
813561
321969
B23304%
B3699T7
843470
347134
853896
B5T65%
B&0328

£¥602¥U-DSN'1



8-0

-

B IO R e

STEP JULTAM parTE

OB Ao g =D

24428N0.5
2442804.59
2442R70P .85
2442812 .%
2442810645
2442827.%
2442R264,.5
F4473pR .5
2442872 .5
2442836,5
2442840 .5
2H87R44, %
2442048 .5
2442857 ,5
2n44205%6G,.5
2642860,5
2442R64.5
2442046R,%
2442877 .5
24420746.5
2442880.5
2442BA4.5
24428RR.5
2447892 .5
2442R96.5
2442900.5
2442704,5
24429085
2442%12.5
2442916.5
2442920.5
26442924.5
29%4292°.5
2442932.5
24427346,5
2442940 ,5
2647944 .5
2442949.5
2442952.5
24420956.5%
2842940 .5
24467964.5
2442956R,5
2442972.5
24429786.6
244298n.5
2442984, 5
24429985
2642992 .,5
2442996.5
2443000.5

] fEPES

X

«483681440494261373
4652042931 79151
«4034P 5T E5169014
«IH1HARAEL3ITNLAY
«31TTHZRATHEINA2G
2TITTE4028/1342
» 235725548074595
«19351427R06912%
+195145495242014)
» 109257933024947
06 TI33661199300
«024792465503A958
“.N17454423516484
—«0595997121676067T
=« LO1l924479RRG3343
=+ 144129330N604484
=« 1 R&Z29025877T3377
-« 22R406870620137
~e 2 INMBLEIHLN2657
—«312452715208921
-+354355857459)29
~s 3861 T5%085204602
=«%373R7(013405371
-4 TU4P 4682117389
= 9209556794 4R21 39
=.5622921N01395542 7
=+ 6D34T9141671427
~56445072203A82778
=.685164428373757
~e T2603%6R4340)18
-« THE6ES52164180184]
-.805705133678903
-« P46760427299 24
~«BREAKGLAIG1AN2I]
=.9262°0340005771
—«VRRAHI625965R162
=1.004721152317920
-1.043533901611815
~1.082063025T787605

-1.12829 882958073

—1.1%322h675619T44
=1.195838956458402
=1.223312353206R440
—1.2770694068661387

=1.306565R98202027

=1.342902025187904
-1.37876 7132830177
=1.4142505RR121604
~1.449341R47054725
=1.484030459642725

~1+518306074805921

SEITANCULAR SPACE CRrenINATES

v

2.429T55£58788068
2.430501556A52A93
2. 4206546N6302483
2.4302127435203972
2.429174051°73773
2.427524763738285
2.425299261634734
2.422460085450496
2.41901792998980%
2.414971 6500640090
2.410320262501187
2.4050629484R6687
2.399199055962540
2.3927281N192n724
2:.3P56427T4534577
2.377%63935812133
2.369%6T0622651014
2. 360770049792436
2,3512626112072461
2.34114°90982]169435
2.330429621591 790
2.319105774308833
2-30T178476182895
2.294649050713602
2.2R1519CL4bT4%%4
2.267790076386348
2.253464137486731
2.238543293866H69
24223029837311941
2.206926256714709
2.190235238927372
2.172959669919152
2.155102635528948
2.136667422118649
2.1176575]1713579"
2.098076609510514
2.077928589906165
2.057217550810066
2.03594778B6449654%
2.01412375252"187
1.991750265812215%
1.9688321173744710
1.945374404329819
1.9213B2466401944

1. 896R6178246345613

1.871818073481755
1.845257215085181
1.B20185307265966
1a 793608636942999
1.7665336831566354
1.73896711580535%9

7

1.0487828075627%69
1.05721417052179%
L. M65TRTAS00ON12T6
1.074100266445%925
L.OR21453704 16642
1.089971244149064
1.067443703386040
1.104A84298922400
1.111649T1R458267
1.1183375nAa24q] 129
La1247450745992563
1.13N8/A9887197306
1.13670%477215N64
Vola22614427344 66
1.14750364R8740672
1.152442228479333
L.1571AA596592640
1.161547398461458
1.165627¢13822351
1.1684272571383706
1. 17?88443083165R
1.176057314¢972576
1.178924171389754
1.181483346645138
1.1R3733268437383
1.185672451 737891
1.187299497697739
1.188613095468341
1.189612023799668
1.190295152605202
1.19045614%4263583
1.190709955134224
1.1904398346897177
1.18%8%033784530)
1.188340R06156012
1. 187710A81097087
1.186159514174179
1.184286950212557
1.182092738362080
1.1795767T31015651
1. 1767388R44652266
L.173579260077144%
1.170098026421812
1.166295456404789
1.1621719335730135
1.15772 7950039195
1.152364107213592
1.147881115877816
1.142479796512475
1.136761079407641
1.130726005119179

PERTURBAT]IONS TR

2

779
3100
6926
12211
189907
26953
36312
46912
59702
71625
85625
100643
116624
13:507
1512386
169752
188994
203923
229482
250650
272418
294788
317757
341315
365441
390113
415305
441003
467136
493843
520967
548552
576597
605105
634079

663524

633445
723361
754772
786195
818153
850686
883847
S17700
952301
987694
1023911
1060979
1058919
1137755

‘ 0
=515
-2020
-4459
-11942
16997
-224641
~291LtR
-35314%
44211
227892
620446
-TL 565
=R2546
-93789%
-105704
-118305
-131&14
-145670
=-160503
~1TH14R
=-192624
~-209933
T=22R076
~-247058
-266785
-2B87571
-309137
~331600
-354934
=379317
-404617
=430¢29
453216
=-4B5568
-5159R0
-546477
=-578085
-612830
~6447463
-6T9R59
-1T16212
-753826
-792709
~B32848
-B874224
~916818
-5560611
- 1005521
=1051745

10=-TH DEC

0

-254
-1003
~2222
~-3893
-5G97
-6519
-11&447
-16770
~13480
-22570
-27Q33
~31867
-31706%
42635
~4B580
-54894
-61596
-48694%
~-76208
-B41&2
-3257"
-101468
-110840
-~ 120699
-131046
~141820
~153237
=-165101
=-177493
-190429
-203923
-217992
-232651
-2547918
-263807
~2B0337
-297523
-315385
= 333942
-353216
-373232
-394021
~“415%604
-43799¢
~461203
—48€226
-510062
-535712
~562177
-589480

€¥602¥d-OSIN'L



6=0

-

oL - RN T I R

STEl JULTAN DATE.

51 2463004.5
52 2443008.5
53 2443012.5
54 26463016.5
55 2443020.5
56 2463024.5
57 264302R0.5
58 2443032.5
59 24643036.5
&0 2443040.5
61 2643046,
62 2463048,5
63 24463052.5
b4 2L43N56.5
&5 26443060.5
66 24410645
67 24430672.5
L] 24463072.5
69 2643076,.5
T0 24420R0.5
TL 2443084.5
T2 2447208R.C
72 244307°2.5
T4 244309h.°5
15 2443100.5
76 2643104.5
17 2443108,5
e 2443112.5
19 2443116.5
a0 2643120.5%
a1 24462124.5
B2 264431728.5
a3 2443132.5
864 26443136.5
as 2443140.5
R6 2643144 .5
87 7441148,5
a4 2443152.5
A9 2697156.9
S0 2442160.5
91 2643164.5
Q2 24831695
93 2643172.5
94 2443176.5
95 264711R0.%
9b 24431° 4.5
9t Za431R8.5
98 2443192.5
99 2443196.5
100 2443200.5%

1 FEPFS

X

—1.55215B44A/140020
—-1.5655 77437045494
-1.5618655302605211%
=1.6510753122746519
~1.6531345220676%45
-1.7147210N7316948
-1.765025264589726
-1.776427026372097
~1.B0A569773107989
-1.R361517367903894
-1.865234905789990
~1.15%3790529421420
~1.€21810022180335
-1.946728696776546473
-1,97620712346365°
—2.002568425446597
~2.028360994576579
-2, 051577 140RT5447
-2.N78209360762151
-2.102250377323770
~2.1254593049250929
~2.143530548921433
-2.17075612R807423
-2.192363332511093
-2.213145R37238214
-2,2336977779233247
~-2.253417114901388]
~2.272636411334725
-2.290712185914769
-2,3049585329491340
-2.325800922908982
~2.3422542R84102310
~2.3590409650135154
-2.373156754294286
-2.387507470258231
-2.401356000197T7466
-2.414440730352156
-2.426R351101380P%
~2,438541632296321
~2.4649557033531590
-2.4592787055498R7
~2.469504650320373 33
~2.4TA432569R452P2
~2.486660775905804
-2,494187T35186017
-2.501012159846766
-2,507133007069939
-2.51254947B605536
~2.517261019989661
-2.521267319657468

CECTANGULAR SPALF LOTEDINATES

b

1. 710915 T93 750758
1.5323RKTE2T25592
1. 6533B87253358041
1.62392467R316230
1.554006632316187
1. 563640084514 797
1.5378353P0716705
1. 501598237320284
1.46993TT41693492
1,437062342R69451
1.405280654060501
1.3725014646035329
1.339233644 118528
1.3055B86374900872
1.27156R713332131
1.237190179589845
1.202460234887383
1.167383526312216
1.121984831785410
1.09625905549253%
1.060221222973470
1.023F81476952212
. @PT2500726500190
L95N33TITPRTB2SZ
.913153A43378996
+BTSTIO04TBZ59LY
.B38016642768086
LROAN4IT2535444
»T61924064039430
“T235466214597338
. H84963021075703
L6661 084305445196
L5607221578250158
+56B0B59985407T13
«5328TAATTSIZNLT IS
«4B893411625T77857
LBHT54454642212
.461003°681631305
.370209103796020
.330272205059333
. 290243686806802
.250131962254315
.20904C4506029R5
.1693707572026814
«129517742326962
. 0R9091267398527
.04873983B135726
.D0R3 74525089948
~.0319932260800116
-.072352103295404%

7

1. 124375724 7464075
1,11 7711500348031
1.1107347024560921
1. 1034 6ARTB2STELS
1.9¢5R4G4ATA35ESRSG
1.08T9442AR1TE9E0
1.0797233122397546G
1.07121 7925532554
1.0624007T117/7026
1.053293623°83511
1.0433£B8913133200
1.0234158928201955
1.024156164469318
1.013362%1634N3AA3
1.00328261214247R
.592617292063522
.98127009283431]
L9693440003588738
«95814210763T194
LO46156T603411347
L9339 23776560306
L021414012355074
CODBRE41TILS44312
.BG5H1D6EBLAL124
LABZ324370622193
ZBOBTEES94B13632
L,85%5001207541573
LR40e7 2142050607
L826703416697924
LBl21008172946294
L759T463473318036
. TBZ2500699261131
T6T7T31514R92R76
L751911234882826
«T36293441835972
«720466325506503
LT0%4 24505800612
LBEARPZO26T5035335
6TL7T5585520013
LH9515B051766950
L6383%5496465%553GT1
.621371198330237
L60421 1788430502
. 586881 T4BT42826
.5593R6159114959
2551730144 T740624
.5319188736372313
.515957553995207
LA97851431577333
.379605787033915

cEI TYRBRATTIMHNS IN

1177504 -1n990463
121~1725 -1147534%
1259443 -1197150
1302473 =1247900
1346104 -1292773
1390759 -1352773
1436457 ~-1406R79
1432218 ~14h2050
1531059 ~-1518402
1575398 -1575813
1630053 -16%47227
1681245 -1693754
1733603 -171547112
1787171 -1Bl6ELT
1842010 ~-=18T96F1
18593199 -1543839
1955776 -2009250
2014819 =2075707
2075765 -21432146
2137452 -2211842
27201116 -22B1481
2266399 22352145
2333340 -2423821
2401985 =249h494
2472380 -2570151
2564575 ~2644T76
2618622 -2720352
2694575 ~27196B59
2772488 -2874278
2952417 -20%2586
2934421 -303175%9
3018556 -3111772
3104882 . ~3192601
3193461 ~-32T4226
37284364 -~ 33558627
33776138 ~3439781
3473503 ~3523653
31571249 ~3608187
3673117 ~3693307
37770495 -3778927
31383958 ~3864958
3993772 -3951307
4106599 ~4037894
4222494 S -4124597
4341516 ~6211349
H463714% -4 2980 4%
4589136 -43R84580
4717826 =446703851
4849822 -4556750
4985156 ~4642167

10-TH DEC

~6175&4
- 646493
-676252
~TD6B4LE
-736279
~-1710558
-B336R27
-337573
-372525
-008250
-944861
—-QR23TZ
-102N804
-1060177
-1100513
~1141821
-118%105
-1227363
-1271593
~1316793
-13r2965
-1410110
-1458232
-1507333
~1557417
-1608486
1660541
-1713584
-1767614
-1R22631
-1878631
-1935614
-1993576
-20525%20
-2112444%
-2173353
-2235241
~2298095
-2361891
-2426595
-2492173
-2558587
~-2625601
-2692776
=-2762473
-2831850
-2901864
-2972469
-3043616
=-3115256

£¥602¥d-OSINT



01-0

-

Pt
S DWW TN o g

i il
AU X

15

STEP JULTAM DATE

CDAP VS WO

264370N0,5
2461204.5
264432N8.5
2643212.5
2443216.5
2443220.5
2443224,5
26453228.5
2443232,5
2641323645
2441240.5
2443244.5
2443248.5
2443252.5
26443258H.5
2443250.5
2443264.5
2643268.5
2442272.5
2443276.5
26443280.5
2443284.5
244323R.5
24463292.5
2443294.5
2443300.5
2443304.5
2443309.5
2441312.,5
2443316.5
2443320.5%5
2443324.5
2443324.,5
2463132 ,%
2443336.5
2443340.5
24463344.5
2443348 ,5
2443352.5
2463356.5%
2641360.5
2443364.5
2443368.5
2443372.5
2443376.5
2443330.5
2443384 .5
24433FR,5
2443392.5
2443396.5
2443400.5

1 FERES

x

~2.92126131365T454
-2.52456R307TR09 145
=2.52716%155647881
-2. 5270552 73100755
~2.93024230R150714
=Z2.530726144590290
=2.5305078999821339
=2.52958B8923 (37567
=2.527137Q791332720
=2.525655307ap6 1118
—2.522664450046T84™ 1
~2.518%4 0620155348
=2.514%46139152642
-2.507463747807416
-2.50359£351401932
=2.497264T0RAHABTOL
—2.490119218241105
~2.48231+335563468
~2.47384.169492981
- 2.4647005R837575627
~2.454RG5577H605284
~2.444523202T196143
~2.4333138419872864
~2.642154590605A4508
~2,5607133084361741
-2.3950B0417932R79
-2.392373119985181
-2+ 3EROTE571003273
-2.353136319011597
~2.33757A066054633
—-2.3214076725238641
~2.306631148528523
=2, 2A7TZ25465142R967
=2.269786481249564
=2.2507270R7208574
-2.2315890432298332
~2. 2187 TN6AGIRGT
-£.191597908504157
=2.17N758TA1 217842
—2.14936/524546636
~2.12T4284163691 14
~2.104951765561054%
~2.0819430PP04745]
-2.058412602837341
~2.03435522T851028
=-2.009809576173978
=1.9847536520474573
=1.959204746996946
=1.933171435949589
=1.006561573308234
-1.875683288890533

BECTANGULAR SCACF CCRIDINATES

Y

—.07235210339544
=.1126908286525250
=.15295815%109%37
—«193262910247541
=«233473%40237 708
= 2136201454651721
-« 313630564193526
-« 353674179425582
-+ 273560124897593
~e&4333758THALLTT
a4 T2995821]1 956634
-+517524203354250
—«551512134155536
~2591 149148043812
=« 630224864214103
~«6621220015R9358
=.707851332105743
=. T46381934251751
—.TRATINEIEE944LL
~s R2ZHZ27RZ2]1IRA[]]
-.8607T23576A85%069
- B890388351304114
~a 9358126556111 91
—.9T2987126202444
=1.009002527934775
~1.046549755276718
=1.082919840904935
-1.119003947218424
-1.1547933792273017
~1.1922735R1956247
~1.225454140378911
~1.26030878732013%
=1.294835394370288
=-1.3290259B1612752
~1.382RB72716694994
~1.396367517505678
=1.429504053583159
=1.4622737467632445
-l.494669776111728
~1l.5266R5C70091308
=-1.558312716202771
~1.5895459570342483
-1.62037819202419)
- . 650B02STT466924
-1.580814027 398590
=1.710405213675308
~1.739570566274786
=1.768304273509692
-1.796600682135889
=1.824454297500317
=1.85185973835456907

7

L4 TTH05787033892
LHH1225933265601
SHA2TLI212044026
LAZGIBLIGLBI5958
SH08Y3I66TA0AH]1 32
SAAGLKTIHAZ33GT4Y
+367531324305272
2348429324 882432
«32972A0911072602
2 310001629739%099
s 29065869651 004R1
«27123260R3994072
«251733454890279
«232165600956151
«212%343415321059
- 19234516T7432965
L1 7310258313731
21533150045025176
+ 1334849561351 08
+LI3D1BRTOZ47L 25
.093112218B2412291
«073300311354929
«53858655819062
+033002592652465
«213337474731270
L. 0080413710824 23
-.02599 86459653468
-.045359081124817
~+0659074397T77355
-.03583R51°001354%
-« 105764 7151216%10
-« 125628205887743
= 1454 76589645046
—.1465287248798A04
~“«1B505517032°9604
—~.2067T7TR386331905
=~a224442970945336
-, 2440530458780646
=+ 263600TACK48014
-+2830R13°2973076
~«302490150679740
-«321922372579904%
- 3641073426640012
-+ 3602387460236 74
-«379313R00052829
~+39829%4125373656
-+ %1TLT5311483606
-.435953005026129
“~« 4546229104601 74
~.4T73LR0OT0957150
~«431622669227327

PERTYRBATINNS IV

-J

179
726
1652
2962
4658
6T42
9220
12105
15426
19210
23477
20227
13449
39113
45201
Sl6T2
SB439
65617
73015
80644
92461
96424
104487
112607
120735
128824
136827
144701
152410
159915
167272
174428
181404
182139
194763
201104
207186
212987
218487
223670
228520
233027
237181
240975
244403
247461
250143
252448
254371
255915

-0

-410
1627
-31630
~H398
-golg
=1416%
-1915%
-24B68
~ 31295
-318409
-~461 6%
-54515%
- 63415
-72825
-82712
Q3047
~133806
~114970
~126522
-1138450
~1507 43
-163395
~176403
~1R9769
-203498
-217604
~232104
2471027
-262411
~2TR?295
-294715
~-211692
~3202134
-347345
~166014
~38%313
-405201
~425723
=-445G03
~-458772
-491358
=-514693
~538808
-563734%
-589501
~bl6]142
-543688
-672174
~701635
-732114

10-TH DEC

0
~23%
-935

-2090
~3691
-5730
~-8204
=-11111
-14451]
-18222
-22412
-27003
-31969
-3728¢6
~4293]
-4888%
~-551131
-61651
-68432
=-15463
-82732
=-30229
-97G48
-1053881
=-11402%
-1223717
-13093¢
-139712
-148708
=157940
-l67424&
-177191
~187214
~-197530
-209123
—-218592
-233138
-241%64%
-253276
-2652°2
~2T75%0
-293209
~303149
-316421
-330034
=-343%99
-358327
~373028
-388115
-403601
=-4195013

£¥602¥d~-DSNT



T1~-0

-

DD NN

STEP JULT M DATE

51 24434604 .,5
52 244340R,5
53 24463461 2.5
54 244341 6.5
55 2443420,5
56 2463424,.5
57 26434248,5
58 2443472 .5
59 24434636,.5
&0 2443440.5
61 2663444.,5
&2 2ab3446P .5
63 2443452.5
65 24463456,.5
65 2443460.5
66 - PabIashs.b
67 24434685
6B 2443472.5
649 2643476.5
70 24434R0.5
71 24434B6,.5
12 2443488.5
T3 2463492.5
T4 2653696.5
75 244350045
6 2443504 .5
TT 2643508.5
18 2643%512.5
19 2443516.5
. RQ 2%473520.5
81 264673524,5
a2 2661528.9
a3 2443532.5
84 2643536.5
g5 2443540.5
1.3 24463544 .5
BT 244354R8.5
L] 244355245
89 244355645
90 2443560.5
91 26443564,5%
92 2443568.5
93 2463572,.5
94 2443576.5
95 2443580.5
95 2443534.5
97 244358A,5
98 2443592.%
99 2443596..5
100 26443600.5

1 (ErES

X

—1.B5722%4TRILSN252
~1,8243154325390N075
~1.7963202448T74470
—1.76725093%3175120
-1,7312004R30425580
—1.7004404668018040
“l.6TRG163T4T49929
=-1.6479911632115650
~1.617TL734R09823566
~1.585972015R23558
-1.5564%95452787584
—1.653245267T0747349
—1.4901523392429325
—1.657503315525685
~1.4245144641501451
-1.39119458071G63176
-1.357552¢61586R69R
—1.323597445218994
- 1.28G3379A0%RBTSS
=1.254707314423536R
-1.21994186h6164937
-1, 184823081254 258
-1.149435726189712
~1.113788736309644
=1.07"R21043137463
-1.061751572801019
~1.005379245134932
-, 968TB2972118142
~.931971655292234
-, 834954183436063
~.B577T39430044600
—.83203136250825530
—.TB2793482105720
-, T4A999938666595
-, TOTOR 441 LBRLT7R
- 66901596KR128093
~.630R02446923903
-,592453453451079
~.55397 T18684N476
-.515382R78761681
-, 4T766785515011468
~.437B72988521262
-,358376734077345
-.3%9922300111202
-.320G34153441469
-,281808723303955
—. 2426263955414 7T2
=.2023R351324B675
-.1641123TT044550
~.124801244712538

SELTANGULAT SPAGE CDPODINITES

¥

-1.B7RELL 562605660
-1.905405R14554945
=1.931334476003445
~1.95689973804624306
-l 9R1TEGE54536755%0
~2.006601003691652
-2.0%373536%902a72
-2.0543R254,16%8539
~2.077540598930917
-2.100205755342571
-2.122374341176£769
-2.14%0425C8142°5D
-2.16520A02T78339287
-2.185867041784431
-2.204016258367384
-2,27565304372G665
=2.244774659645685
-2.2633735125830406
-2,2814621525542%86
-2,299023271975187
-2.,31A059706533586
-2,33256%424025252
-2.348550542995440
-2.364001310902751
-2.378920111750987
-2.393305461843084
~2.407156C0084535%1
-2.42047N529325819

~2.433247931880260

-2.465487251 807307
-2,457187651943769
-2.46R349420254006
-2, 4799609668232834
-2.48904R829468075
-2,408587557815563
-72.507585225961774
~2.516041423346550
- 2.523956255560122
-2.531329B41776596
-2.538162413705933
-2.5444564313975621
-2.550205994656054
-2.555418015833695
-?2.560091 044186890
—2.564225851402171
-2.567823312146913
~2.570884401547502
~2.573410192832569
-2.575401855930295
~2.576860656923643

7

—.S09G63328239753
-.527140811665290
-, 546209623%7T7T50
- IBARLLETARA G492
—.RALNGEARTAASETS
-.5G56N5993760623
—.b617122320793728
—ah35491352549297
-.hS1T0OI0GRE268
- HBEBT T 0l 73243
-, 602567 TRALAGLEY2
«,702421553324712
~. 7197200374E699527
-.725411011147395
— 151650228975 224
~.767TT7T1 4059815623
—-.TB3501R001T55R2
- 7653080116R87735
~.B8148120521132059
-.B830166420460067
-.84531 2866821786
~.R6026T0B2502514
-.875026355251020
~.889588037152055
—. 903949544 T752464
-.9181083579391G0
-.332062019727649
-.945308136473115
~.959344378014130
-.97266A4TT4BTTT0
-.98577T823126R405
-.99R6T 1498452218
“1.0113462004555606
~-1.023800320755569
-1.036031904383222
-1.048039057546376
-1.059819¢47235752
-1.0713728007991179
-1.082695305527430
~1.093787608230976
-1.104546314834540
~1.115270489978705
=-1.125458656668615
-1.1358093%5811506
—1.145721345983%11
~-1.1553593202559544
—1.144A023716817509
-1.,174011694895682

-1.182955997223452

-1.19165553R470769

PECTJRBATIONS TN

2457088 —1563657
2577186 ~75530%
2384348 -83nL 6
258701 -EER06L6
258744 -5011920
256593 -G36473
25R261 -576910
2571753 146497
291071 -1657237
256216 -109v133
295184 -1142190
293972 ~-1il66415
252576 -1231816
250991 -1278402
249207 -1326182
247215 =1275167
245003 -142537
242556 ~1476805
230858  -1529491
236890 ~15R83451
233630 -1638713
230061 -1695318S
226170 -1753302
221962 -1812724
217452 ~1873624
212665 ~-1936030
207619 - 1999961
202318 ~2065429
196757 -2132454
19092¢ ~2201058
1845806 27271273
172391 ~2343138
171670 ~2415687
164633 - ~2491970
157273 -2569033
149602 2647925
141606 -272P696
133292 ~281139%
1246€9 - 2895088
115740 -2982820
106520 -3071654
97020 -3162650
87257 -3255875
77253 -3351401
67042 - 3442335
S66T5 3549665
46223 -34652550
35768 -3753010
25384 -3666079
15139 ~3976745

10-TH DEC

-435340
-452635
-469995
. —4%AT659
-5N539%
-524612
-543801
-563455
-583573
-604151
~6251B9
-6H46689
~668639
-591052
-713924
-737257
-761053
-785115
-R10047
-835257
-B50955
-RART156
<9113879
-941145
-948985%
-Q997405
-1025414%
-1056018
-1086222
-1117033
~1148466
-1140533
-1213254
-1246646
-1280732
-1315535
-13510738
-1387387
-14245498
-1462411
-1501183
~1540838
-1581410
-14229237
-1665461
-1709030
-1753683
-1799457
-1845375%
-1854459

£¥602 ¥A-DSIN'T



¢i-D

-~

DB N D W

STEP JULTAM NATF

Do NPV WO

2443600.5
2647604,5
2443608.5
2643612.5
2443616.5
2443620.5
2643624.5
2443628.5
264135612.,5
2443636.5
2443640.5
2443K64.5
2443564R .5
2443652.5
2443656.5
244366045
24435664.5
24436568.5
24436T72.5
2443676.5
2443680.5
244368%,5
2443683.5
2443532.9
24431696.5
2443700 .5
2443704.9
2443708,5
2463712.5
244371 6.5
2443720.5
2643724.,5
2443728.9
24437325
2443736.5
2443740.5
2443 T44 .5
2443749,5
2443752.5
24437156.5
2443760.5
2463764 .5
24463T68.5
2443T7T72.5

- 2u4a3TN6.5

2443780.5
2443784.5
244378845
2443792.5
2644379645
2443800.5

1 FERES

X

=.1248012464692320
~.035464329801276
~a046109830514307
-.006745T78161246
«032615663R05655
LO71978500726142
SEL1322T5753T5T4
» 150644509541286
«189235A33031238
«22518905620547T4
«2hBI96259290757
« 3075497756194 T4
+366641941534410
- 3RS56651489T2750
-4264461184200433%4
«0534T4521432987
«502245793541078
«5409181216763537
«5T94843256306520
«617937087547508
«656269192668244%
+ 6744T73436096321
«T3125472AKRBG9Z223
S TINGT0299519289
«80R248BT7942B1560
+84587T1428159281
- 883331335515981
+922621710L185F9
«957T35805476137
+994666925280360
1.031408473410153
1.067953854192459
1.104296572570000
1.1406430184246327
1.176348305830480
1.212044614974104%
1.26475128505295232
1.282746812781619
1.217740363845203
1. 35248742830519%6
1.388£9R21993940357
1.4212198111928859
1.4551RA98956027449
1.408391521288288
1.52231 72234528323
1.555461297413453
1.588318107448B762
1.620382067732239
1.65314 7662837540
1.685109437408144
1. T156761998465152

CRCTANGULA® SPATF COTRDINMATES

Y

~2.5TLEBANGSEGILNAS
~2.5777T87357185427
-2.5783185212163933
=2.,5780539469364738
-2.5T7395R563577332
-~2.5T621263997T0N98R
~2.574506097047077
~2.,97T227814419M250
~2.5695%3I0769290395
—2.5656266043985146
-2.562486122170682
=2.553193233673553
-2.53533B970T7961 756
=2.548077%22904284
~2.5422603535%3477
- 2.535939546231432
=2.529118122034745
-2.5217987759919%96
-2.51368427518R989
-2.50567TT4%646533A7
-2.6948081225381642
~2.4875985533132549
“2.477R832479277268
=-2.467586108359029
-2.%56R62611137225
- 2. 445665222865671
-2.43399T7T241957383
~2.421R52028890914
-2.4509263005324377
-2.3956203652744276
-2.382687511577927
-2.36B718B180165729
~2.,354299313775797
-2.33943456231665852
~2.3241278716179219
-2.30B8282891385927
~2.2%922035447812131
~2.27559375154313%2
-2,258557520802555
~-2.241098852258105
-2.223221835352533
-2.20493055T464696
-2, 1R6229312206528
—2.167122199165277
-2.147613523296371
=2.127707595605969
-2.107408772132871
-2.096721453631412
-2.065650084361607
-2.044199151334780
-2.022373183714947

z

=1. 19165853 R4 TRG2)D
~1.20010C2RY42R063
=1.20831 62665640617
~1.2162755%2115%903
~1.2233R5272473709
=1.23144760986535%%
=1.2386538793224403
-1.24551910%9380536
-1.2323278928R5H4&25
~1.2987A45326571R 21
- 1.264G88444B1837;
-1.270935130547338
~1.276636115240559
-1.28207TB9754466572
-1.297267347447568
~1.2%92200PB96655502
=1.2968733474%1L314
=1.301302467555058
-1.30547007053229%
-1.3093R2014701612
-1.3130318202149876
-1.31643857T8225913
~1.319583131525%33
-1.322471893831%69
-1.325104939756237
-1.327482386528189
~1.3296043933423R6
-1.331471160858577
-1.333378292n850622
-1.33443298563225°
-1.335542647632550
~1.3363912789T71064
-1.336396281018703
~1.3373280939857T11
~1.337417196523873
~1.3372541053508487
-1.336836374905338
-1.33617359703<€107
~1.335%257400731294
—1.334791451742644%
=~1.332676452041328
-1.331013]38914464
~1.3291022Pr5072506
-1.32869445693219112
-1.324541206148488
=1.321892696780488
=1.319000072905830
-1.3153642760758 14
-1.312486281054802
-1.308867095430223
-1.305007759370213

PERTURBATIING TW

=)

163
663
1515
2734
4334
5332
8742
11581
14363
18601
22805
27488
32651
38299
44432
5105Q
55160
65779
73939
82671
972203
101941
112483
123614
1353113
147563
160337
171614
187367
201573
216203
231232
246633
2562377
278437
294784
311391
328235
345305
362605
380155
3979864
416126
434590
453388
472523
492002
511835
532034
552616

-0
-504
-1012
-4513
-3001
~12469
-17%10
-26316
-31678
-392935
~45225
-53385
~70455%
-82419
-95266
-103990
~12358¢
-139064
-155422
-172657
-190750
~209667
~229368
-249820
‘=270951
-292859
-315406
-338618
~362487
-387027
~412175
-437993
-4 54464
-491598
-5]19406

-547905

-577117
-6Q7073
-637311
-669378
-101823
~7351%90
-763%510
~804798
~-841066
-37832%9
~91660¢
~355324%
-996311
-1027797
-1080¢13

10-TH DEC

=0

=216
-360
~1628

~ 3415
-5320
-T638
-10367
-13502
=17940
=23875
=-25302
=-30015%
=3510%9
=-40580
—-456425
~5264%
~-592462
~66223
-73592
-81343
-BG 462
-97933
~106738
-115863
-125294
-135024
= 145045
-155352
165942
-1768173
-1879¢&5
=-19939%9
-211120
-223131
=-23544]
=248060
-~ 261002
-274286
-287937
~301981
~31é644¢
-331350
-346704
=-362514
-378794
-395548
~4l2792
- 430542
-448B13
457624

8¥60cPd-OSN'T



e1-D

-

-
00 00 O W N

B P bt et b g o b et
OO XP N &H WA

R RN N AN
SO AN P N e

L)
@

[T W
[N~ ]

SYEP JULLIAM DATE

51 24430804 ,5
52 26430N8,5
53 2443812.5
54 2443316,5
55 2463820.%
.56 2443R24,.5
57 2443B823.5
S8 2443R32.5
59 2442 B34.%
60 2443R60.5
61 2443344 .5
52 244384R.5
63 2443R52.5
b4 2647856.5
65 24438460.5
66 2443864,5
&7 2443R69.5
68 2443R72.5
69 2463B7 6.5
10 24438R0.5
n 2643884.5
T2 2463889.5
73 2443092.5
T4 2463A36.5
15 2443900.5
76 2443G046.5
77 2643908.5
78 2443912.5
79 26443916.5
a0 2443920.5%
Al 2643924,5
82 2443972A.5
a3 24463932.5
Bé 2443936.5
RS 2443940,5
a6 2443%44.5
a7 24453948.5
a8 2443752.9
a9 26443956.5
90 2443960,9
a1 26443964%,5
92 24431960.5
93 2443972,5
9% 24439756.5
95 2441980.5
96 24431994.5
97 2443988.5
%8 2443992.5
99 2443996.5
100 2464000.5

1. 74819001%417313
1.779118219947598
1. 7092114626045%739
1.8401T4429969739
1. 3°Nn202210155707
1.B8993897T271375)86
1,929232024311567
1.938724205%03456
1.985361439263157
2.015138953540939]
2.0463052N424282473
2.070596060751257
2.09776642R545955
2.12635RA28127218
2.150968201102224
2.1 76990757690305
2.,202621957113024
2.227357527761657
2.252h73251664561
2,27 2499694656064
2.301148657468674
2.324760213143352
2.347955699954468
2.370731215826225
2.393082920729772
2.415007036723508
2.436499847879702
2. 457557700422740
2.47B1770N2T7389T4
2. 4935422548821 4
2.51R085901803559
2.53736862T661261
2.556100062633937
2.5714573930446164
2.592490019416672
2.,609944181605604
2.6269333314637034
2.64345444623840R
2.659504564831167
2.67508(789911689

. 2,6901R0287740091

2.704800289008574
2.718938088713259
2.7125910466825685
2.745756587809723
2.75843220210R857
2.770615445407h43
2. 782303938784381
2.793495369610682
2.804187491409536

AETTANGULAR SOAMCE CTITFNIMATES

hi

=2.000177518A9631
-1.97F614466730994
-1.7546£90%709131939
~1.731410979136949
-1.207772195428349
~1.883800394724226
-1.8526477381245961
~1.8%4820956237313
-1.8n9830117545168
-1.TR45115659214701
~1.758870570922980
=1.T732911836976271
~1.706640474825%612
~1. 6830615337 75G84
-1.653180094665722
-1.626001270392635
-1.598530206117769
~1.5707T20763B7536
~1.5427320981952987
-1.514415503384228
-1.485827565658738
-1.4569735858T732392
~-1.427858894T]1R334
-1.39848%9852256332
-1.368R6BR4TS3B659
-~ le 3390N429536N0351
-1.30890065072332A
-1.27856337AT5A449
-1.2479979841364602
-1.217209997028228
-1.1B862064573664090
-1.154988498459041
~1.1235661825455%2)
~1.091943663220050
=1.06012660266%34%

" =1.0281206B6885600

-.995931625540102
~.96356515268%3R2
- 93102702710860%
-.B9A323032201077
~.865458976005694
~,832440690449282
-, 799274031330833
-« 765964876627386
-.732519128945732

-.698942712267552

- 565241573149597
~.6314216801045811
-.597489023321074
-.5563449614397353

z

—1.3009093451A1L9EY
-1.296572956902706
-1.79{3c€730191328
-1.2R719082130F238
-1.28214745942608)
-1.276370841325034
-1.271362236169523
~1.265622932742578
-1.7%96542649812757
-1.253457536002R34
-1.2470341469247302 04
—1.26403R5557481439
-1.233513135875533
~1.226618268022950
-1.210102744697250
~1.211567784295530
-1.203815033013256
~1.165346064 766053
-1.187642481120611
-1,179265911117120
-1.170658010817171
-1.161840463324161
-1.152814970454908
-1.1435683292586229
“1.13414716F500412
-1.124508395219387
-1.11466RT87665391
-1.104430187537225
-1.094394461208253
~1.083963501654829
-1.073339227621101
~1.062573582803529
~1.051518537772068
~1.040326087658137
-1.028946252527769
-1.017387N7655323%
<1.005664627856522
~.96372299R85P455

-.981624306585161

~.969350692645115
~.956904323375629

-.944287389510292
-.93150210613R115
-.918550712489782
~.9054354713078R9
-.892158671664653
-.878722622893228
-.8651296604B84058
-.851382143003747
-.8374824526256849

BroTYCBATIING TN

573502
595018
616R92
6357256
662145
685596
7094548
Ti4341
159720
TA5833
81273
8435G5
8692139
859007
c29a27
962067
995493
1030262
1066427
1104041
1143154
1183813
1226064
1269351
1315514
1362799
1411813
1462610

1515207 .

156G624
162581738
14683985
1743956%
1805862
18697093
1935562
20C3460
2073427
2145477
22195613
2295334
2374141
2454532
2537003
2621559
27081895
27%6892
2887677
2980538
3075476

'11241@2
~11691 &4
=121%3561

—1767816

- 1311536
-1361575
-1412°43
~1465669
-1519778
-1575300
-1622267
-1650708
-175%638
-1812054

T 218749313

-193924%
-2004949
-2072018
=~214041¢
-2210113
-728107
-2353257
2426634
-250L162
-2576801
-2653508
~2731242
- 2809959

~2886618 _

~257T0191%
-305161l
-3133880
~3216965
~3307846
~ 3355494
~3470R63
~3556897
-36%43532
=3732710
~-3814378
~3906« 88
-3955000
~4083873
-4173072
-4262565
-4352320
-4442308
-4532501
~4622874
-4713403

10-TH DEC

-496992
-506935
~527472
-548620
-5701397
-592319
-615303
-635667
-664130
-629311
-715233
-741921
-769394
-797660
-826710R
-856562
-887131
-918568
-950713
-©933608
-1017244
~-1051612
-1086703
-1122504
-1159005
~1196154
-1234057
-1272582
-1311157
~1351569
-1392011
-1433076
1476763
-1517072
-1540001
-1603539
~164T669
-1692367
-1737613
-17R3386
-1829670
-1876451
-1923715
-1971452
~2019652
-2068306
-2117405
~2166943
-2216914
-2267311

£¥602 ¥U-ISINT



?IfD

-

VDTN P Wy e

STEP JULYAM NATF

0 '

2446009.5
2444054.5
2444008 ,5
2444012.5
2444016.5
2444020.5
2444024,5
2444028 .%
2444032.5
2444016,5
2HAL04 0.5
2HhanNG g ¢
2544048 ,5
2444052,5
2444056.5
7444060.5
2444064.%
2444068 .5
2444072.9
24586707605
2444080.5
24440B4.%
2444088.%
24464052 .5
24440°6.5
2444100 .5
2646104.5
2444108,.5
2644112.5
24441165
2444120.5
2454124.5
264412R,5
2444132 .5
2444136.5
7444140.5
2444144.5

" 2644148.5

2444157.5
2444]156.5
2444160.5
2644164,.5
24441569,
24446172.5
24461T6.5
2464180,5
2446184.5
24441R8,%
2444197 .5
2444196.5
2644200.5

l reeeg

X

2.8N418T74914095 38
2.F1637R124210904
2.824065154R067654
2.R33246517446479
2« A4122027203C25439
2. 8510345148527 136
2. R57T3ITIH0500949
2.864877061190196
2.87T{R01916752294
2.8775102095515432
2.RB3207634N60330
2. PARZ 11437970370
2.8928212824131015
2.89684 /13095232
2.9003152746930409
2.903231372278031
2.9057850495569459
2.90T71121173R516
2.9091093K4545415
2. 90937458705397)
2.910318N032N55741
2.9101269265018132
2.909404571952820
2.90R150345049313%
2.97636369°0314911
2.904064159352594
2.901191334493760
2.097R04907043522
2.893A84639587258)
2.989430375785743
2.884442037204494
2. BTRI1 9625372333
2.RT2R63220303135]
2.866H272982215463
2. 859149151553 745
2.851492050946646
2.8413102085914956
2.R345797452R71 T2
2.82725325602196315
2.815540314769194
2.805224626733050
2. TS43T936A174290
2.7833105456242208
2. 7TT1103B9585R673
2. 7536757B0442545
2.T657222926506246
2,7372244TN51591 33
2.718244381540330
2.T0RT22TTTI26760
2. 6BBOBL44133465]
2.673122017071464%

o]

ri

Y

—+5634649¢]14337253%
—a 52930%4P6107R34
e 4950746%2205991
~.460751307276039
= 4256345426561797
~.3518¢e3165637883
=.358731065959<710
=+ 3228694061 THTSTS
~«2B8019542573395%
=+ 25329328941143]
= 2185215072941 40
= 1A371041916437D
—. 148B862E5TO3TTL
=.113995305334270
=.075103013394R0°
=.044198081727429
-.009284414515063
«N25630852431252
«06054139194557]
« 0354408453979
«130322865544977
«165181007982275
«200008936388660
=234800220409570
«269548436424662
«30424T14TTORG6E
«338889905144931
«373470246769312
«4073981699591531
«%42417780561046
«576771997886910
-511037851315251
- 545208831605159
«579278420379808
»6132400°0474758
~64T0BT306112062
«680813523926240
«T14612193511766
«T4TBTETSTIINTO6
« T81200654447304
«814377315293903
«B4T40016R102979
«BBO2626365676360
«312958141617590
«3456480100787479
« 9778219309535 73
1.009977046419991
1. 041 93RRE153R542
1.073700790850481
1.105256249131564
1.136598653726338

CTANAYULAP

Z

—«RITHB2452625849
“aR23432005070P42
—. BO92361902827414
= T948%4519071555
~. TENS 10429782204
—aT65TRELA1654252
~«75102504TR2F0CH
=~ TIELZARB240BTIPN
—« 7211003282 71607
= TN5942150137940
—bLSN656901T5175A
“eATH24T21ITTIGLT 28
~ah997T1575556T3 48
—«b44065195174353
= 62B29823G200948
~<b612417612603956
~.506426062T711277
-.5B8032¢359005490
—.566121293055170
=.54T2136TAL3T2T2
~2531406350643547
-.314902156700760%
~«%9B304006663598
-.48161477039893%
=4%648373°08354009
—e 46 7FTLTB22400799
~e4212299406547T04
=+%14005843825009
-.396905500922259
-.379731941938125
—»3624B88217071247
=« 3451773965612957
~.327802571298950
—+310366852603138
—.2092873372729508
-+ 27T53252B4735855
—«2577257T62200721
~. 24007 7959052450
-.22238520956RA131
~2204550628004548
~.1863T750B855HK661
—=169069125173590
--151228771370706
=+ 133355760087525
-.1154654235106748
=.097549112952728
~-0796141968654462
-.061664069731320
~.0643702134033647
—«0257318179463587
—« 0077565660347 77

SPACF FCRININATES

PERTUFRBATIONS IN

0

192
751
15653
2878
4419
628%
B4y
11093
1411%
17563
21456
25800
30599
35860
41592
47803
54507
61714
69438
- TT691
86485
95831
105737
116209
127254
13R876
15108%
163318
177400
191577
206480
222126
238515
255641
273491
292050
311302
331228
351R02
373008
394821
417214
440161
463631
487595
512020
S36874
562124
587755
513754

-0

- 257
-1092
=246¢
~Lb 62
-T097
-10415%
14448
=17211
24703
~393920
~37E57
45512
-531888
-62989
-72818
-B337Q
=946 76
~-106709
-119479
-1329A83
-147217
-16217&
-177A55
- 194250
-211258
-22918R1
—247726
~-266998
-286993
-307688
=329046
=351023
-373578
~396673
420277
-444360
463897
-4%33864
-519242
-545011
-571154
-597658
~624512
-6£51707
~679239

~707109

=735324
~763902
-79286%
-822238

10-TH DEC

-81
=331
-7&60

-1383
~2219
-3291
~4517
-6209
~8069
-1C196
-1253R
=15245%
=181467
-21358
=24B19
-2855%
=325&7
-36859
=41430
-46282
=51415
-56828
-62520
-68491
~T4T741
81274
-88096
-9521¢&
= 102635
-119351
—118347
~126605
-135107
-1438133
-152768
-161899
171213
~180699
-190346
-200146
=210089
=220170
=230380
=240717
=251176
=-261758
~2726464%
-283302
~294284
-305424

E¥602+I-OSIN'T



S1-O

-

W1 = e e

STEP JULTEN DATE

51 24466204 .5
52 2644208.5
53 2eb62l 2.5
5% 24442156.,5
55 2444270,5
56 2666224.5
57 2466228 .%
58 2444212,5
s9 2444716 .5
60 24447240.5
61 PALG 266 .5
62 264424R.5
63 26442572.5
64 26442%6.5
65 2444260.5
66 26447645.5
67 ZHh4a6769,5
&R PHHG27T2.5
69 2644276.5
70 2464280.5
Tl 2644204 .5

12 7444788.5 .

T3 2544292.5
T4 2444796.5
75 25443005
76 2444304.5
T7  24447308,5
78 2644312.5
79 24441156.5
RO 2444320.5
al 2464324.5
B2  24443728.5
B3  26447337.5
ARG  2644336.5
85  2646340.,9
A6 2444354.5
87  2446368.5
83 24443525
29  2444135&6.5
90 2444360.5
91  2444364.5
92  24443H8.5
2444372.5
a4 2644376.5
95  Z2444380.5
96  244473R4.5
97  2444388.5
98 2444392.5
99  2464396.5
100 2444400.5

13 C=ZRFS

X

2.65T04£2636N6345
2. 640455955435257
2.623151N91°24122
2.50577964T4911 34
2.58761 7772835159
2. 55895096 759095125
2.54035T7ATA22R459
2.5332241%1097239
2.510091716063840
2.4ROL62R9601B779
2. 46AVN44ANG66585
2,406 TTLTATNGY ]G
2.424520020640261
?.402040012531415
2.37897122485225771
2.355426NR02524T6
7.3M&NGT6A2555T2
2.304%1173P350920
2.281950620358359
2.256525065107425
?.23062ARG59207TT]
2.7204795RRTH229 20
2.1771500167287775
2.1502558149421 36
2.122567061456792
2.00443R249267128
2.0658738334164504
2.0369783/2220280
2.007456578376093
1.97761321%943200
1.947353220536769
1.914681610151997
1.885603535635376
1.854124261049748
1,827269168 154364
1. T999R21755704598
1.7571332645262563
1. 724304570636590
1.697902389099286
1.65713307625855?
1. 623702727524707
1.53851 7553835616
1. 5536R3906399257
1.51850R229471507
1.487997T108541629
1. 447157245465839
1.41N995461945461
1.3745]1 8498909760
1.337734016881335
1.300648596021382

QETTANGULAR

Y

1.167721425394108
1.198€17992575007
1.22928| 787115209
1.259T06249214884&
1.289RP4325263725
1. 319810%69192631
1.349473143158322
1.374R72819991715
1.4030NG4T9779692
L. 436A60619R593579
1, 46542674 T3R05172
1.64937013845903°99
1.52187R0694R3004
1.549353356874925
1.57671181967T179
1. 60375605014 7929
1.6304T6RA113TSN0
1.6568672873227118
1.68292150647R002
1.7086332404080744
1. 73399%957281451
1.75900%4 72367297
1. TR3E49551490470
1.607927992913129
1.831832628763607
1.8559357325521%66
1.B73495985517283
1.90174254T472122
1.923550588599180
1.945535326810301
1.967069622051980
1.988187578252490
2.00388454532R641
2.029%153520981879
2.048989152578556
2.06R3R5730076220
2.0B873376329441752
2.105839242103286
2.123885031860297
2.1414695268456011
2.159%873127933761
2.175233033210511

.2.191401420157078

2.207087238337593
2.222785347601215
2.2365906761095900
2.25119822R341948
2.264903086542787
2,278100412319219

2+290TB5448932596

7

.N1922015986%103
2028194881 195R22
040 E&A10TTTESE3
LNEAL24ILHEH91LT0

. .DR2Y71EGA20A1012

L100NN3I50R2 237264
L1L7915532327733
L13580626%2%9948
L1536561A6862353
L171%37603900154
1892951 66637482
L23TDRLRH4215820
LBPATTEAA4D5RZRG
LPG2546942701054%
LCHIDTITRG2312135
L2T7T6442B2690747
-295160738566903

CLM12617441122178

. 30T OLARATHE28
W14T33668T9RG] 36
. 3164591 756725755
LIBITT?2122242829

-3IRA7 40236540864 -

L415393692723428
+432927354405858
L4496T1227439733
LLEHL21522 7042 88
«4932 744485671205
«499626200397785
5160729905229 54
.532410625015039
«5486364098240L3
5667454227676 86
.580734220289393
5965989882406 74
+612335912753085
527961180376876
L.643410982010870
L558T415077023425%
.6T392R5953504070
JHRABILISLIZ2ITHIS
» TNIR59410247979
.T1B594837738259
.733172020578809
«T475871B6554291
.T618365739A0769
.775916432808923
«TB9323025249465
.803552626527217
.B17T101525633497

CPACE FNENINATES

DEXTUF BATI MRS IN

640133
666208
654033
T21667
749533
777974
BOoG&3
835590
365029
RA45567
9264594
354799
QRS 269
1015999

16462981 -

1018207
11C9670
1iL41364
1173283
120542%
12377193
1270411
1303313
1336539
L3irorzs
1404081
1438417
1473129
1508207

1543640

1579413
1615509
1651909
1638538
1725520
1762573
1800012
1837497
l1ar5082
1912718
1950352
1987931
2025403
2062735
2053900

‘2136878

2171639
2210135
2246310
2282099

~-R52043
-8B22R5
-912955%
=944042
-9rc536
=1337436
-1039744
~10T72466
-110%612
-~1135193
-1173220
1201707
-1242666
-1273109
~1314045
- 1350499
-1387472
1424992

C+1463047

-159168R
-15409 3%
-1580RD7
-162132%4
-1662479
-1704253
- 1746618
-1789548
~1R3301A
-1877008

T=19214%9

=19664T2
-2011913
-2057R03
-2104129
-2150874
-2198026
-2245572
-2293502
-2341812
-2390500
-2429572
-2489043
~2533939
-2589286
-2640107
-2691413
-2743203

- =2795417

-2848241
-2601508

10-TH DEC

-316736
~32p223
-330884
~351711
-363699
-375843
~388144
-4n0601
-413217
-~ 425996
-438941
-5320517
-465348
-478B19
-4%2475
-506320
-520360
-5344600
~549049
-553718
-578621
-593773
-609184
-624858
-640787
-656958
~673358
- 689975
-706798
-723818
-741023
-758407
-'7?5Q60.
-793673
-B11539
- 829550
-B4T698
~RE5CTT
-8B84382
-902911
-921565
~940349
~-959275
-978356
~997607
=1017031
~1036630
-1056401
-1076344
-1096461

gP602FA-ISINT



91-0

Wil A
~ i

-

T g P PO T Mg I s et et g e e e o s
CVMPUNFEFOIRNOCVFWNI=OO®E 0 R & u R

MM T
O =4

[ERTUR TR
W N QO

ol
o o m

LR R
[V WV T L

H b
X -y O

W P
~ o0

STEP JULIAN CATE

L-R I - Y R )

26444400,.8
2466404 .5
2644400,5
2444241 2.5
24546416.5
24494420.5
246464524,5
244647R0,5
20444843 2,5
26444356,5
25545440.5
2444 464 .5
2444464A8,.5
2444452,9
24444556 ,5
2444 6560.5
2644454 .5
2644460.5
26646472,5
2444476.5
26644R0.5
2444 4R4 5
2446 488,5
26444492 .5
2444 4696,5
2454500,5
264% 504 ,5
24645048,5
246451 2.5
2444516,5
2464%20,5
264645245
2644528,.5
2644532 .5
2444535.5
2444540.5
24445644 ,5
24464548, 5
2444552 ,5
26464556,5
2464560.5
2444564 ,5
2444568.5

. 2444572,5

2444576.5
2444 530.5
2444584 .5
2444588.5
2444592 .5
2444 5946.5
2444 600.5

1 CERES

X

1.3006458595095760
1.263269736693790
1.225604858539171
1.187561502042149
1.166647326333352
1.11C9708a9732081
1.072237749062445
1.033253259062578
«93403377175C352
9545905356931 93
2914913915212212
.875033389513752
+BI496 255 3CHAGT
- 75465310R355659
L154175877732254
S T12523790155203
+8712TULERE5011HT
«6317LT31BS1ESDL
«533591344542336
» 549303226 565664
».507A92730057339
L6663591210642538
L426T12164A91548
«382961624913467
+341117360745172
.2991B93125924548
+257137565947850
L21512221596C296
+.173093458220033
130861 119611577
.088647268991103
«046430614425250
L0C4202300336246
—.03302705546CT12
-.0B82246T64759345
-.122445072017589
~.164614157304378
-.206T7T43139103655
- 2&9B13CTTLISTS41
-.290R21675971239
-.332755769416530
-.374603425853C35
- 41£353752519539
~.457995559074129
-e4955177614559175
- 540909005 490420
-.582158C7071&186
- £232536875032714
-.6t41845187841C8
-.7049392R89275710
-.T45506665437222

FECTAMGULAR SPack

Y

2.2907T8544891¢69356
2.302953523355924
2.3145600049250358
2.328720529393519
2+33631055080644C7
2.3463558239018Ch
2.355682112338875
2.364855308223710
2.3732813984119313
2.381156474371650
2.380476T34TTRBBTT
2.395233488B100730
2.4014318155150302
2.4070T2271611611
2.412137464905846342
2.416630585%322503
2402056845245 0760
2.423R8R1156£3686
2.4626646T729197TR5
2.42H8215B80324879
2.430610091051328
24%31409820210717
2.64318B1A465997403
2.431633868320276
2.6430854011574120
2.4294T77029266991
2.427501202579606
202492495 T216455
2.42174A91393E024
2.41796579]1499384%
2.4135805Q39207208
2+408590139339452
2.402993919546475
2,336T91255155279
2.3899817213821%6
2.39256506544T1&7
2+374541208539982
2.365910248511796
2. 3565T264E14TED09
2.346B283G5819187
2.3363TR42440T1 44
2.325323646338120
2.313664987733191
2.301403652853637
2-23R541035576529
2.27T507T8BT20620641
2+26101 6485514327
2.2646362301935974
2.231112336920461
2.215270954277102
2.198840715610R71

7

LBL1T1U152592759)
«B304KK027TTHTHAE
«R436424524]13587
«BELH2T1394A20BT
BEG4]146445]151273
«BBZO0BTS&TATIIATY
«A9LTGLLEL56G032T
«JF0ABTEPH19G 428
»51854774288%384
«9303062A0514503
«94154R80141287%79
«9531695314C6917
«364267367580375
s37513R118314337
-9B5TTRAARNTT20L
961 BLBR4AF 1 HE
1.006254209275R%5
1.0162R31A1226496
1.C25348489593]49
1.0354070054923724
1.0445955621781i74
1.05353105729%316
1.062210433316611
1.07063058206T6566
1.07A788840621883
l.0B56819990601947
1.094307296799513
1.101651935608774
1.10874316071561R0
1.1155482A2813954
1.12207T4663727380
1.12831975012R014
1.1342810152298268
1.139356020467132
1.1453423R7158529
1,15043780410516Q
1.1552400291°21859
1.159745R891044918

1.163956290926503

1.1678656204943330
1.171474686190535
Lol 74T779666436R72
1.1777799572641R5
1.180473251314467
1.18285R123730463
1.184933033749509
1.186696525983237
L.1BB147232461141
1189283687381 0140
1.190105260507202
1.190610296300257

COTMMNINATES

PERTURBATIONS TN

0

287
1119
2430
%235

. 6428
8945
11863
15016
1R403
21931
25707
29541
33443
37380
41329
45284
49258
53270
57335
61460
65641
69872
74146
78461
BZBl4
RT20T
1645
96134
100582
105293
109993
114777
Llgssl
124653
1297463
135005
140400
145983
151803
157913
164359
171170
1783862
135946
193924
202300
211075
220246
229811
239765

0

-123
-485
-10R1
-1910
2973
-4218
-58134%
-7&54
-G757
—12162
-14R95
~-179a7
21476
—25407
-29A831
-34811
-40381%8
-46598
—53484
-60577

T -691A0

~FTRQOAS

-AT7TL8

-~GB1l07
-103280
-121248%8
~134101
-147808
~1H62415
-177950
-194437
-211899
~-230361
-24G847
-273383
—-291999
=-314732
~-3386]13
—363565
—38918%3
-417285
-445824
-4754485
-506285
-533188
-571138
-605312
-640532
-~-574857
-T71429]1

10-TH DEC

0

-4&7
-185

-4 10
-719
-1113
-1591
~-2159
~2821
-3582
-%455
-5444
~6571
~-TR%&h
-3293
-109139
-12813
-L4942
~17345
-20033
-23014%
-26295
-238489
-33R05
-380359
~42664
~-4Th3T7
-52994
-53750
66920
-T1519
-73553
-86064
-94037
~-302497
=11l4s]
-120947
-132979
-1%4157%
-152758
-164555
-176943
-189928
-203510
-217584
—-232454
~247822
~263730
-2B80386
-29755%
-315364

E¥602 ¥ -DSIN'T



4T-D

-

ol IR IR R

STED JULlAN DATE

‘51 2LLLE(QG .5
£2 24445)8.5
53 246661245
54 2444E16.5
55 2644662005
56 2haut2h.5
57 2444E23.5
58 2446632.5
59 24446356,.5
60 24464540, 5
&l 2abhbhan 5
62 244455E ,5
&3 244665245
64 26446546,5
65 2444586005
66 2444 564,53
67T 2e4466H,5
&3 244646672 45
63 26445876.5
70 2646480 ,.5
71 24445684.5
12 2464 HB8B.5
73 2644692.5
T4 24445G6.5
75 24466T30.5
T6 24446704.5
77 24446700, 5
78 2446712.5
T9 244471645
80 24441720.5
gl 2665724,5
az 2644728,5
83 2644132.5
B4 264413645
85 2h4h 760 .5
a6 2444764.5
87 2444748.5
A3 2464752.5
BRI 2444756,5
q0 2444 T6J.5
91 2644 754.5
92 2644769 .,5
93 2446772.5
94 2644776,5
95 2444780.5
96 2664T734.5
97  2444738.5
98 26566732.5
99 2444196.5
100 2444800.5

i CERES

x

—e7d5373322634C23
-.d260339136417751
~,3RE9T1189333321
—.3256T57T33DEESS
~294513439R402713
-.9B84341791784257
-1.023280708578127
=1.361941533T05455
—-1.10123142587103380
-1.,13P386628331581
—1la176147861T24CTE
-1.213595543010355
-1.250692485306847
-1.267454765762206
-1.3228617301A6591
-1.35689029582R45456
-1.39€9567366T7345919
~1.430845724265C97
-1.4565726037085794
-1.5001983745021¢€2
-1.53423240415B615
-1.567977899€631495
—1.501044745827358
~1.633832944414420
-1l.660082619234G42
-1.637B94021566E5610
-1.729221535947238
=1.7500T3684386242
~1.7904231372465435
-~1.82225669348744%
-1.149595334055330
-1.87A4u01 76496783
~1.906672505724124%
-1.934403774041066
-1.95158560743C692
-1.688209481076C509
~2.014268371876824%
-2.331975346588G267
-2.064657T458RYB552
-2.08r372911904321
-2.11.269258%5117372
-2.135809441625099
—-2.158216651227167
-2.180207594189142
~-2.,201475864721573
-2.222115274367994
-2.242119855234918
~2.261483863051T708
-2.2R0201780052920
-2.298268317658157

PECTANGULAR SPALE

Y

2.1491824381294915%
2.1547224511342401
2.14¢045466127518
2.127299406%71457
2.107960229657731R
2.08B061839299585
2.067598181244321
2.0465733102508 21
2.0249516556930350
2.002857790045027
1.9801764BT224490
1.956952725302962
1.5331916846535309
1.903898745892453
1.8384079489628327
1.A53739694133021
1.832RR533448225%6
1.B06522581669263
1.779657301144953
1.752297551182615
1.T72444858139675%0
1.56951178308169&2
1.657312425881441
1.631803G667TB250579
1.608307082519275
1.578122313610362
1.547693224162%30
1.51642T841595643
1.484936365045440
1.453021162145895%
1.420656765860R22
1.387969A8 71647648
l.354649334950408
1.321344168304478
1.287463537321678
1.253216755771412
1.2L8613780557399
1.1R3662709390326
1.1483747721R5363
1.112759331169691
1.076826374322820
1.040586011093083
1.004048467907523
. 967224083291807
.9301233029556236
.8927566T747985651
8551348437947 76
.B172608546TBO523
«TT9168607T142458
«T408459293893461

Z

1.150797T6G7TSal3047
1.190N6ATIARAR2E4T
1.190217722095418
1,1H5648253032528
1.18R3ISANITTIGLAS]A
1.186947542310920
1.1852163522%6708
1.16831%51550251320
1.1337858212737¢20
1.178036Q93959382
1.17506R362274345
1.171726726500019
l- 16R0533944B21324
1.1&607868L716A020
1.1697730117271786
1.155146016615074
1.130201037303532
1.144538124752309
1.139333039478570
1.1334C2752805191
1.12723524680%2¢82
1.120705014635621
1.113850060641294
1.106732900487562
1.099235061121938
1.0914581B0&6R80078
1.083374008286748B
1.07498440375055%5
1.066291337144783
1.057296898293493
1.0480032402%08686
1.033412708945566
1.028527663058641
1.0183506R83773484
1.007884333574431
L9971 31362854347
«9846034604569352
I TaTTEIIT0ATI0Z
LI6ILBLISROTLIZT2S
«95131149729248D
«93016G988T18739
«I2ETHQIIERTR4E4LT
«F140096155B03715
.G50115080313]1266
LBBT95TO65451761
«87451135631L82748
LB6081480743074T
<ALBBT2198402469
«B3268T522975224
.818264853174771

CONRDINATES

PERTURBATIONS TN

230194 —-7525837
250814 -7%2500
271478 -#33289
223333 -av3212
29%L08 -a18282
3grzoA -2&£2517
3t9e1l8 -10074938
332324 -1uSes7TYT
345323 ~-119247])
138824 -1151658
372239 1202171
ARK25R -1254024
&0064T 13071221
41544 ~1361760
430646 ~1417643
L446253 -14T4RTS
462232 -1533470
478736 -1593442
495600 ~15654809
512891 -1717%591
530618 -1781A0S
S4RT96 -184T7473
E6T440 -1al4613
586566 ~1983244
606195 -2053383
626346 =7125049
647042 -21498258
668305 -2273028
690151 -2349378
712638 —7427332
735776 T ~250491%
TE9631 -25831%90
TR4273 —267T1045
BO9TTY -2765591
R36217 -2R41757
R63643 -2929%505%
822100 -3D18797
921524 ~310%£99
952245 -32018B46
983994 -3295524
1016R95 -33505R0
1050975 - ~34B6971
1086249 ~35B4 647
1122737 3683558
1160448 -3762549
1199388 -3R54864
12395564 -3987144
1280245 -4090428
1323541 4194655
1367320 -4299T646

10-TH QEC

~-333800
-352374
—-3725%9%
—-129297]
-414017
-435749
-4658193
—481363
~5G5256
~-52G451
-55545%
-581791
—&0A964
=616394
-655385
-535647
-724297
~757852
-790332
~8231756
"=858145
—A93520
-929904
—457318
-1005784
~1045323
~1085958
-1127712
~1170509
-1214678
~125994%
~13064661
~1354133
—1403216
-1453513
-1505094
-15571927
-1512037
-1h5T411
~1724048
—1781940
-1841083
~1601468
-19563087
-2025928
-2589978
-2155221
2221642
'-2289223
-23579446

£P60CcPd-DSNI



81-D

-

[
O D NS W e

BN et ot ot ot et e et
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N
N b

23

STEP JULIAN DATE

F
QO DAPNP W S

-
—

- et e et Bt
O~ bW

L N
-0 0

NN N R
[= Y Ry W ¥

27

2444200,5
24644 F04,5
2444434,.5
2644E12,5
2444816.5
2444820.9%5
2444824 .5
2444E28,5%
2444832 .5
2444E356.5
24441940,.5
2644864 ,5
2464040 5
2444£52.5
2444R56,5
2445040, %
2444054 5
2444 85A,5
2444E72,.5
2444ET6 .5
2444 880.5
2444 R84.,5
2444RAB .S
2464 E92,5
296489645
2444500.5
2444504 ,5
2644G79,5
24446912,5
2444516.5
2444920.5
2444G264,.5
2444352849
24464532.5
2664536,.5
28446940 ,5
26464544 ,5
2444548 .5
24445525
24449556,5
2444560,.5
LT Y
24445568 ,5
2444¢572,5
2444GTH .S
2444980,5
2644594 ,5
2444588.5
2444592.5
24446996,.5
2465000.5

1 CERES

X

~2,23R26R8117H55157
~2.31%678418R67520
~2.132462726034CF50
=2.343510253G684401
—2.36 3923048346905
=2.3794¢ 1530397139
~2.39272182414136
—2.4CA100313405602
—2.413979360364246172
~2.430T5R5£25973488
-2.442112301034583
~2.452732176°05%133
—2.4K26557955312143
-2.4718A1010243052
—2.480405922264993
—2.4ET22H380737C+0
-2.465343582619093
=2.5017635722948 34
=2.507473241064346
—2,3124T5826463754
~2.5167T%391140%<487
—2.520344323 164742
-2.52324813210¢&517
~2.525425650238091
—2.526A97429354069
=2.32764425R309523
~2.%2T7T727163C54209
~2.52T0BT73996451347
~2.5257T46458093565
=2.523706(58942395
=2.520968151%13280
=2.517534912930496
~20513403741324325
~2.508592256506402
~2.503098294742682
~2.4SLRGI5C645514A3
~2.490030352353395
=2.4926A31027343135
=2.4742618293280413
—2.4953T04C6BLTS49
=-2.45%812907163505
=2.445593596094170
—2.434716%930015071
-2.42318755208P422
~2.41101028F511306
-2,393190144585577
-2.384732300566895
~2.37064210T14A853
-2.355925(80928827
“243405869C0361657
~2.324633402703483

RECTANGULAR SPACE COOPDINATES

Y

« T40E6592938934]

« 70231 1493523862
«65357634999/966
«824551613234114
«58554845T7697929
+5462781126817788

» 5068518%R238025
«44T2810179992C0
«4275T6953 895484
«3RTTR1059292927
«3478146753338838
«3077794750524543
«2676566T78241735
«227457B25876430

- 18T1943B44R9512
«14687701A8%50763

- 106516586632309
«066131132574092
.025723833504221
—.0146907572260%1
~.0551014150287C5
~.035496749372832
-+1358656459055373
- 1761962874411 25
—+21564T7T8027613444
-.256699527249021
-.296B84969292750s
-+336917493887084
~+.376B89195595]1875%
~.4lb6762216352902
=, 45651 7429208746
~+496146B870460584
-.535639892295247
=« 5T45985%37597070
=a6141745434465101
—.6531953451R6099
-.692038080C853C%
-« T7306925°0578169
-« T6&9148B29791259
~+80736686100292%
~.A45426R64957112
~.B883229141093210
-+5207941110735%4
~-.558112321819151
=«3951744484661AR7
=1.031971297242599
~1.0686493808207648
=1.10473305767238%
-1.140680260015785
~1.176326768916404
=1.211664078733904

z

«B1B264R5317477Y
«803503343807279
<TARTZ22230317738
« T736108266146947
«T58278523103545
«T42T29784943004
s T7269£9150230557
STLINOLZ27RAL1587
«Hh549106T42N15R8
HTHER2290TRO2 Ty
«6619N035321474575
+H45151L49RSTH43
«62R21B1968675643
-61110433R2%95953
-5393822402139100
« 576369666 L00DARS
« 5587539549309k
2 5405801330215
«52305372626541%
2« 504979869901909
~4R6TAHIBS5556TLTL
46RL11033551768
24 49G26665259854
«4313146220231164
«%12585073462450
2393738652691 768
«3747824059634}0
«355721799513727
«336582315632930
«317309450050757
-237T9697T06853062
-278545605555879
«259045658452520
«2394T743R78712%9
«219837313923454
«200110954047396
-1803978205215832
«1605R6418203612
« 1407412421517 34
«120B57775309044
+100941486233585
«DBO99T7826850211
=061032230233484
«041050108416279
»021056850215622
.001057819071839
~.01B9415649077938
—-+038936247799588
=.058920701860775
-.078889768572527
—.098838239123285

PERTURBATIONS IN

-0

687
-1934
~4542
~8199
-120R3
-13a918
~-2R06]
-34405%
44079
-55136
-67656
-81T2%
-0742%
—114849
-134082
-155214
-174338
-203546
~-230934%
—-260597
~-292435
=327145
-364%230
-403984
~L46495
-491837
~54006R
~591239
645409
-702653
-753051
826692
-893645
-964059
-1037962
—1115456}
~1196641
-1281588
=13703486
-l463119
-1559871
~-15%560729
~-17A5777
-1875105
=-1988798
=2106%42
-2229613
—2356R72
-248R769
=2625346

)

-&625
-2514
~5685
-10140
~1508]
-23051
~31460
-41141
-52086
-664285
~-T7736
-G2441
-108411
-125651
-144179
~164011
~1851457
-207671
~231547
—256B26&
.—2R3541
-311729
-341434

T~372715

-405624
-640227
-4T657T6
-514708
-554649
-596417
~640037
-685538
-732946
-782302
-833647
~BA7004
~947427
-999949
-1059609
-1121443
-1185491
-1251790
-1320380
-1391300
~1464567
-1540321
-1618527
~1699271
-1782598
-1868539

10-TH CEC

a
456
~1834
~4154
-7435
11634
-16919
-23171
~33336
-38582
-47756
-57913
-59055
~81188
-94320
-109459
~123614
-139754
-157011
-175274
~194620
-216999
236487
-259032
-282805
-307643
-333742
-351006
-3894R9
-419137
-450137
-48229%
-515685
~550309
-586170
-623271
-&61418
~701210
-742954
-784149
-827496
-B72095
-917943
-965039
-10133R2
~-1C52970
-1113806
-1165894
-1219241
~127384s%
-1329701

E¥602 Y- OSIN'T



61-D

-

—
~ o dE=-Noun bW

e Pt s e Pt
Do~

STEP JULIAN DATE

51
£2
53
54
55
56

57

58
59
€0
A1

2445004.5
24450 0R.5
ZaLEC12.5
2445G1L6.5
24465520.5
24465324 .5
24430G2AR.5
2443832.5
244503645
2455040.5
2445044 .5
2445 C4RL5
2445052.5
2445056.,5
2645060.5
2445364 ,.5
2445N68.5
2445072.5
2645516.5
2445CR0.LE
24645CA4 .5
2445009.5
2445092.5
24650%6.5
2445100.5
2445104.5
2445108.5
2445112.5
2645116.5
2445129.5
25445124,5
2445128.5
26465132.%
2445136.5
2445140.5
2445144 .5
2445148,.5
2445152.5
2645156.5
2445160.5
24451645
2445168.5
2445172.5
2445176.5

24451R0.5

246513445
2445188.5
244519245
2445196.5
26445200.5

1 CERES

¥

—~2.304072541268453
—Z.29092)55H184811D
~2.27131416%31212308
—2.254TER3ATISITSA
-2.23%B51165651709
-2.2152356803456329
-2.19425212164%200C
-2, 1156C4C8T04459R
~2.1543937R325E754
-2, 13296464711 50545 %
—2.110351335865151
-2.037521933710525
-2,06416575501C148
=2.3402904378546633
-2.015903T14 2681720
=1.9910136{0978%9043
-1.9E65527T43PT237R8
-1.933975 371998312210
-1.912400571L785673
-1, 88£575908643935
-1.495528R035998551
~1.33154524T7659073
-1.BC023559C4182231
-1.7T14723428541550
-1, T45ATL 302667503
—L.T1451930£3353563
-1,68F302293199256
—1,656007641705117
-1.625317772142537
—1.594241407772060
~1.562787303546099
~1+530944208086867
—-1.4%58731C&6C03 1057
-1.4562465%8530C2469
~1.433369653R35672
~1.40015927462258¢
-1.365624242792636
-1,33277351¢60€352
-1.2986145G34609218
=1.264160T742515763
-1,22941655196B793
-1.1943625373131556
—1.159057532035727
-1.12354053230086%5
-1,0877T30485B26953
-1.0816763400858864

-1.015337034538193 -

-—.GT7HBT14992T44T2
-.942138€52287806
-.90%5157397049630

RECTANGULAR 594CE LONARDINATES

Y

~1.,246683826761711L
-1.28137776H1124551
~1.215737918033520
-1.349756273705140
=1.3934250960564580
—1.4167367T062T729
~1.449693436523676H
-1.432238%89593880
—1.51%455079251597
-1.5%662651134541353
~1.577682257511840
~1,608559835177511
-1.5393113292702¢&4
—1.669510382205047
—1.699290796451642
~1.723646534633807
=1.7578717213710¢65
-1.785060640509476
~1.814107T3£059960
~1.8417016200620R8
-1,.B68855C051700031
-1.,895544956311170
-1.,52177246415306037
-1.9471537266R753A23
-1,9728211154303¢64
-1.997£33312402847
-2.021964G74667952
-2.045811573898083
-2.06917033770R755
~2.0920362648830041
—2.114404043947810
~2,136276212772188
-2.1576433969R5421
—2.17B504389134787
—-2.198856131511917
-2.21R695T715006035
~2.238020377944210
-2.256827504%93459]
—2.275114625T713684
—-2.2928796139427 14
-2.3101196B5T70474
-2,.3268%3397800634
~2.34301 85645054642
~2.358673657995155
-2.,373776A02123327%
-2.383386577095375
-2,.402441615833240
—2.41L5960683160748
~2.4289426T4546221
~2.441386614013993

4

—.L1R75092607357387
LI3RE52T36A90162T
L133509533631327
L1783232753501440
L198091955229605
L217809504112430
W2374TVINASTLO3,
L257T072161620149
L2T660T415075RT4
«296072230G455301
L318546190T205352
L3347 71 774941434
L3539272184451325
.373133677054570
LANZ21THAG5508450
LAl11l21575975450
L2963 TTERLRT]
JHGETO0419614422
JH6T325529459R47
LHR5HIS4T5645595
L504726166833136
L522603652079718
.5460633321756221
«55H8541808300443
«576515007227503
L85947690T7674029
+611B40243037TR43
L,629284T791 110049
LEH65T30T4410432
L. AB3T19510530193
.680702582250184
«697524B37 768608
.T141B2890RAT4L 06
LT730673421032524
« 7469931 TIBSTO
L7631 38959670701
-.7719107556351R65
«T54896206884939
.81050162061 7831
«B25920972249850
LB4115140370995%
.B€5190121830R800
LBT1034393510131
L8855631570146733
.9001279037151473
«G143T42064366398
«9286414781130758
-+9422481R1121137
-.955/72122280201
~.F69284326263640

[ T T U SO N T T T T T T T T T T T A T TN T S T O A Y A N T I O B |

i

PERPTURBATIONS IN

—2758655
-2912755
-3063751

-3121969% - -

-3380696
~354AK829
-3710187
-3894R855
-4074£9720
4 584456
~445%7578
4556338
—4KAOB 2T
-507112%

=5287310Q

-5506458
-573764l
~5971%23
-6212354
—64589566
-6T11768
-65TLTH0
=T235940
-T507318
-7784930
—8068695
-R358T05
-B&54921
-8957329
~-59265302
-9580603
-9301386
-1022R196
—-11560966

-10899619

~-11244072
- 11594228
~11949734
-12311225%
-12677T8B21
~1304962%
- 13426444
-13808141

~14194645 .

-14%AR514%4
—-149800839%
-15379015
-15781734%
-16188033
-1659T692

~1557107
-2048315
—-ZL14217%8
—223R716
-2337958
—-243963¢
-2544684
-26522°55
—-2T7626R%
-2676024
-2952338
-31115680
~-3234119
-3359727

- —3419534

-3620779
=3756410
-33955%58¢
—4N3R429
~4185066
-4313561%
~4490199
-44409508
-4A11R50
-4975133
-5150875
-5327206
-5508260
~5594174
-588510¢C -

-50P1181 .

-62RB2569

h4B9L20 .

-6T01BRY
-6920134
-T144314
-T3745%Q
-T6lL12¢
~T8354088
-8103648
~A359952
-R523260
-88933642
. =9171267
-9456256
~9T48720Q
-~10049768
-103556508
=-10672046
-1099548T

10-TH DFC

-131e5789
1445099
-1534574
-1545238
--1627050
-1590000
~1754074
-1819280
-1%35549
-1652932
~2021404
-20939s81
~-21461601
-2233326
—2355L41
-238305%
-2435079
-2531238
-2608557
-26R8TQ49
-2766BC5
-2847T7T93
-2633052
~30136304
-3098472
-3184685
~32722748
-33612a39
-3451761
-3543741
-3637278
—3732426
-3929241
-¥927780
~4C 273104
-4130277
—4234354
43540433
-4 449559
-45S8817
-46671290
—47360562
-4903215
. -5022820
—5144943
~5269642
-5394G9717
-5527010
- ~5657802
-5795415

£¥602¥d-OSIW'T



02-O

-

Pt i P ped
A D LN =O D0~ D W N

LCRLC R S N
WND 0D 4

24

STFD JULTAM DATF

BB~ nPwrn~D

2445200.5
2445204.5
24452718 ,.5
2445212.5%
2645214.5%
264465220.5
2445224.%
24452273,5%
24452372.5
FL465214.5
24452640.5
2445244.5
2445260R.5
2445252.5
2445756.5
2445260.5
2445264 .5
2644526R.5
246%5272.5
2445276.5
2445780.5
24452%4 .5
7445280 ,°
2465292.5
2645296.5
2445300.5
2645204.5
24453N3.,5
2445312.5
24453156.5
2445720,5
2445324.5
2445728.5
2445332,5
24653136.5
2445340.5
2645344.5
2645348.5
2445152,5
2645356.5
2445189.5
2644653164.5
2645368.5
24465372,5
26445276.5
2445330.5
24453°4.5
2445388.5
2445392.5
2445396.5
2445400.5

1 rfees

X

-~ TSI TINTON0ELT
. RE2C56620808 176
~HINT2R1927255244
—aTR321199°TT253R
-, 71556725T749575%33
~. TLTATS3IR3I94RLAY,
~ ATAEA95TQ44 2691
~. 64151 T14ST?1RST
-.60322647R3Q0L595
-.564307191435981
“.526264799140072
~.4RT51 4840681395
-« 448A59355352156
- 41003335 249447
-.371072413345524
. 332057962221281
=-.292974113843545
-.2538292597133%40
=, 214831750225%312
=-.1753898931G918R6
-a136111952226938
=-.09630E1459824615
=.N5T4RNAG4602N090
=.01A81435766031914%
021196986604505
+0605330173381A2
L0333546 539456142
«1371594627752136
1 TR434400661540
«21TRT3060932382
+7S6RETALE2T2LTS
. 256N10959961533
+13ISN94AL4A85DT3
«374111R252108042
«413N54391277711
45191 5036597496
«490636326009119
52336 0RB268%243
«56TPA13RTS40167
«H506390578315740
«644T731269439253
«6R2A46252R41543
«T217284384613761
« 758797C954894433
« 7T96765650411957
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LMSC-D420943

Appendix D

PERTURBATIONS IN OSCULATING ELEMENTS AT FUTURE DATES -

Appendix D contains the perturbations in the orbiltal elexﬁents for the first 50 minor
planets at successive 400-day dates from 1973 Novembef 14 {244 2000.5) through
1983 September 23 (244 5600.5\):. The dates of osculation are contained in the page
headings. All of the perturbations are with respect to elements oscuiating' at the
initial standard date 1972 October 10 (244 1600.5). However, to find the mean
anomaly at an osculating date see par. 4.4, Example 6.

NUM Number of the minor planet

DEL ARGPER Perturbation in degrees of the argument of perihelion

DEL NODE Perturbation in degrecs of the longitude of the ascending node

DEL INCL Perturbation in degrees of the inclination

DEL MO Perturbation in degrees of the mean anomaly at the initial
standard date 244 1600.5 (Also see par. 4.4, Example 6.)

DEL A Perturbation in astronomical units of the semi-major axis

DEL E Perturbation in the eccentricity

DEL MDM Perturbation in the mean daily motion, which is expressed

in seconds of arc per mean solar day

LOCKHEED MISSILES & SPACE COMPANY. INC,
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-, 34093558385

-.0363564930113
«31149157672

-.30578531887
20714060357
LA6BDGTHGS53]

~T6T256Q00076
15720475560
« 243256306861
+06305924316

-.9591797997T7

£V608+I-DSW'T



&-a

NUM

Qo= N

s
R =]

13
14
15
16
17
18
19
20

22
23
24
25
26
21
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

DEL ARGPER -

1.810999074914
-.06C249575R54%
-.24050529%505
«230156373015
~«Q723334112%0
.101884%086334
052793361476
- 2865776€4184
- 365075437170
-1.29583399272117
-. 627154568116
+159443826T7486
1.493731891251
-.268714291851
« 0583 34473273
-~ 644323502213
= . 3924184555597
-. 170749036886
-.298951562923
=,20033328974%
~ 2204383794025
-.280594358%959
-~ Q0BEESESEBL2T
~+3577031765%31
«077028203475
. 195913078940
- 1743854548111
- 220179291€42
- 2298502744121
- 396714864101
~-.110507518144%
1.326712862134
094064946377
= +257308396565
- 044774846738
.003504123320
-.1B020425169T
-. 157220347170
-.066139603C3T
-2 1854485909378
-.10105083175%6
«133843365431
'a12508H80525¢€
-.188048276021
687151637107
~«3054787271136
-2 1TEL24E T9459
419346955681
-. 007558838544
-, 104139223033

GROUP CF MINIOR PLANETS

DEL KOLE

-.186702230621
-.012iCH487470
-a 052936915090
-.006b4%0180393

L001109872974
-.004693179773
—.045225500755
-aQ12357L528356
~.024133132182
-.,1703583798717
~. 0056466363008
-0 24950119206
- 165033344152
-.025329943102
-.013383911333
-.00781l6126057
-.C11256172063

LOQUFLTA44T1L
-.071280684178
-.008G912415644%
-.017770061320

- =.011578074784

- 02L225TELT42

000272455474
-.028220023721
-.018233002183
-.001354598241
-.007BELTT4T594%
-.041l982948729
-.0Q07329184351
-.016707844221
~. 1476416462568
-.009984819892
-.012339766563
-+023582871L 701
-, 109997213065
-.002641882016
~.009199423683
0531294020666
0123583163381
.012278797189
015053296545
LGLeE59000641
001423159101
.001908345246
.0439330106388
-.0107288415056
-.016226399475
-.023750704030
-.057581287801

OEL INCL
~ 0164854200465
D043T44RBT718
. .00598229¢258
-.0C0166014116
L.000808180247
~-.000116181717
-,.0C5827618222
-.001750152285
-.001159652195
~-.003185%96625
- .000632379 760
L.0003266512492
L.001853513653
-~ 0021114613246
-.001595104326
L000T46691720
-.000234381593
000366973588
L000639079479
.00029T1202327
-.000943809547
L003036546676
-,003853979221
-, 000064418729
-.003283205074%
-.000033185709
~.000029004550
-,.0000086817708
L0C2301707932
-,001372847080
0032237540187
004078773557
.000525899131
.D01025510536
000305263244
011231047424
.000565442968
-.000825441961
L010B13614838
-.00l456809868
-.0018084156006
-,000043785260
-.0009456391521
000252582654
.000383707690
L.001419969568
L000BR3242T43
001012840742
- .000320097452
.G0L1556859213

QSCULATICN 15 JULTAN

CHEL MO

-1.87 3424094087
1143902618345
152600134894

—a 2373675242 T4
LA02752499911
-.13002691 74064
-.104105259103
L24088426€6085
«3994956262306
1.316097552339
L60T3IwT225693
-. 147361848067

~labb 4619385339

«397551679325

-.10150€248R40
»59283491230480
4036532048861
+151L52074198
-3290919595C6
« 214942942079
«2626961314660
L347374399120
+0734399871 46
356779315276
-.0520102542706
-.1911114687172
«215193811699
2181457715590
»197972583570
2388709947308
085615033364
~1.329820043575
-.06B6TB3T5705
269430264953
018114950290
.0217692C7880
« 2399943724067
«123835342798
2059694886309
« 139433027024
. 1467502552986
-.102284907000
-.153123499178
212939613932
-.676185678814
321301331707
«111044237103
-.364508055326
-.00525926051G
122376118215

DATE

AEL A

244240Q00.9

et E

LOU4643583641486 -.00L376045979362
«001246453014256 —.00106820740954
L.00230955692070 —.00152852937322

- O0069960422552

L0001YA3IQIT5194%
L00039994319347
.00049885739828
.007238206706243
L0N0T6149711042

-,{00517502989540
-.00008444311419
-+QB0T42754079323

L000005092089¢T

-, 0N215014571677
L00053793703287

L00334745802661

-.00056344265919

L0003THT445ATE]
-0N128141431927

- QUOEET 24729692

.00027129430330

~-.00137897942961

+00078821267051
002205564459 78%
«Q00327T910632¢9

-.0010204£313428
-.000560251210519

.000935268084487
L00113103762520
.00089422077252

-.0001214C6%3231

.00253555011017

-.00205721102556
-.0D1110%90 223656
-.0002290Q7127227

.00068371T0D09259

-, 00141616553363

-00088252217921

-.00133777277419

.00008E79313089
LO0D11CT96162419

-.00108245023841

«00053420669968

-.00073519493419

«00076914819030
«00034220951416
00267185821 T744
L000658787124648

-.001047048111482

-.30041185604667

L0J0E83J2T7T2L18
.0J032673997119

-.00109065349067
-.00015384368387
-.0N7038529194638

L00332631657652
L00014904442989
L02005210075252

-.030630783388401

-C2112980593222

L00055719999844

-00064309834631
.030956530831856
.000236170G4Y9678

-.02001138214731

L000Q15423714795

-,00030241624305

.03050414779262

-.00098304056700

«J2036TACLTBBGS

~.000528T72552347
~.,IC053929060748
-.0000488946767])

000230092349 74

~.00189685563719

L0001L30£79G533
«00033169404127
+.00013506239023
.00061632399009

~J00033438378018
~.00061934897313
=-.0014255206T080

.00032376074842
.200461398599734

~.00145827275379
-.0008£6474023067
~-.00054086341136

.000328877¢4106

-.000423329304304
-.00009433906080

.00002407846956

-.00044533498222

«N012460077362%9
£30078257617959
~000E573B180579

.0010B15977T6259 -.00070039396784

. DEL MDM

-1.93973984803
-.51902522098
-1.23443024683
.31026602097
—.39¢4595%9229
~a23219640203
-.30180186264
-.28262201286
-. 456092811747
1.5¢¢1 T363530
-04771802205
+473371561583
-.002543B4714
1.06339177911
~.25219212245
~1.399753B45696
31308710462
-.25102082951
~o 73149702787
- e394T3291£49
<.15605865170
.« 13028891742
-.375745L1565
- 57236056638
~.19540951857
L4T2B2191714
238005557740
~.3B8T50900756
~.57691902272
~.55295007537
S «035653068244
~1-30064834003
« 79072892909
49992217549

. «QTBTOTSE106
~229041542404%
D WbbGW29L95723
=.37T87145175
" »5583907B152
-.0397Q0775448
— eb4T1l&TTIV54
C G E2357923943
-« 394479838406
«%2892530323
-e33495675464
-.17982942819
~1.01142544329
=2 21383394442
329790558280
-+50353C48545

%602 ¥I-OS'I



—a

NUM

-
L= TN -- BN WV S PO N

-
—

et e e
oS

16
17
i8
19
20
21
22
23
24
25
26
27
28
29
3c
31
32
32
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

DEL ARGPER

3144809833882
~a2873262640767
~o 181525070522
= 809945350244
—«151590694943
«2013934621565
« 129524502645
-2 197144131242
~ 412743217981
=1.464259605453
= 6296646480872
« 135659595064
1.651636235110
-+ 348114135060
+164B03527252
-1.062364732148
-:503097424968
~«l%31T76147529
==305575835948
—<373280855576
-« 1BG659591 7261
—a5951646 75906
-+ 114265480862
~eah 7751278403
084606779598
« 959979432794
- 400415537384
-+335637908701Y
-.070020205449
-.430697557273
~al545929734489
1.998287835984
« 104356755342
- 2359950449929
-.083469887&21
« 070461053067
—-2445216022486
-a2182593704178
133490897217
« 116920964840
-+ 172884934¢L95
2042130661348
«219255164011
—e425066T14815
1.826041193330
-.203211093220
-.7889936280638
«6T1464564868
«107407432861
-.024164823684

GRaue OF MINOR PLANETS

DEL NODDE

282764461454
.015311532925
.053027297153
« 056203592997
.C068N0440122
+015653¢08840
P06LBOTTL290LT2
.0191719253718
0633E502¢ 248
.195%33361468
.010028378012
L04B212556258
«loT2T36347T79
«033770716516
.030d34455851
.019956221378
«0tl2161218::
-000752623164
LO0779451 G112
Q435217311635
LU25526777285
«024015331939
«127730123266
.D12¢6£8502018
.035884402911
020331828335
«011352787515
017340936956
0434808406907
+050617037497
L0L6aE43171191
«1B24685805315
«010564093966
+010695894103
+02633705C527
« 110249805359
+003895764262
«0245T14116%4%
« 052985768820
022244563676
015231725018
047637618069
-.026047862342
.017159850555
083949123205
053074737934
027301087684
«01934T9684T3
«055347093119
-.061572031871

]

1

H

1

3

DEL IKCL
00559014590
025610668595
«-005682690221
-.001€39895013
LO00BBTOLICIS
LO0026L 732467
L0U5393498320
001992743623
+000£ 78410680
+006791594043
~000TBE305630
« 0043345907202
0U245827T6514
2002680132484
000646 218582
000492494758
-.000645280%904
000260134248
«00L450910479
.O0CD66CATTI12
.0012¢1319811
.0C2721701843
.000380093036
«000263555070
Q01227547534
«0D003652TE4]
000118814361
Q00640775956
.002068261131
001898929137
«0052348B6€ 747
a013423312974
000066768835
001068645250
000366806505
“OUSTEB46TELD
.0004512G2420
000776833604
009870723259
001572417487
«00201£091646
.002058381477
2000747466766
0012462000600
008921380302
+00]509&£45512
-.000915983281
2001220440665
«000836077737
«001329029830

1

1

1

OSCULATION 15 JULIAN DATE

DEL MO

=3.06133042023¢
2166303216076
-136107484883
-—.8469414323136
« LH4599980167
—+20877T87715264
-+2016738 /71565
«211748154932
+439555500260
1.593474730+16
420394459970
-.170467721549
~1.5734315878.°5
e BBL0Z24GTHD
~o1833640169397
2996283013541
2524525708461
«16221886%173
393983495273
-419311457987
«lEBT&TT99755
=648592178772
118950497883
2393993110691
-.086491557824
—.546TIE05L49%
352447778539
«326208B825976
017614865577
«499808755532
+13434115088¢
~-1.927203485724
-+081394096935
«3982356001596
0997845301136
-.0868735153247
HH6T9TITOLAT
«21324 1498252
-.176141044300
-« 191061595626
184528233091
~.0465412T7T9622
~«213452155¢684
+411911749052
-1.975573134980
213400137977
«7B1384741589
-65807€39TL43
-.092517239373
«004859462002

DEL A

L00037%9795887T03
SO0510995924275
00233379891 144
LOU127695229T46
-a00C41a37571374%
~eUDUIRZESGILE2T
L00081749014 7590
L00024509010214%
-.00005601439468
-.006TBUA993 T440
L000370778308L5
- 0CN228095T74785
=00016018032239
- DOt 427T38521495
-.000397 714867152
~000T1315925423
- CO00&6TT3695614
«00015024459618
L.00019504924890
.00N45847807638
LO0111U93831545
-.D00521515%36800
«DO4L3L0B4BL 2064
UU291336019244
L00049515143965
0001896 E&34TEST
0006783921169 7
-00019657545095
L00075729086807
~.000216568871329
—.Q0157231361979
-.00081870G2333365
-+ 001002€£5893201
-« 00045230886204
-.00L17811813159
«001750029848065
LO0ONSBC 13573378
—.0N01650£356549
-.00018235737833
«00037512738440
«00200014789610
-.000956412719179
L00052158253807
L0012079%2566184
«001T7Tb6466836103
+00112268937596
-.00113308454517
0017858531 8659
—+00236236727978
L00209664296795

2442300.%

DEL E

-.00104226146358
—.32276943633B82
-.,02175530755668
~.00012756612695
.00083294408189
.00050uUL12€T7008
—.20099325856313
-.30038555181725
-.00118032352151
.033954958055612
-.0001¢l41343¢83
«DJ06N500232683
- 000%311&284433
«00128811752505
03082585234 299
= 30045141573£38
LA0068899713994
~,00003455952415
-. 050225505917
-.02007795404023
~.00064962507857
«J3CT5204910048
-.00255491525062
.0DD63TYRLLTETH
-<U00780404694310
-.00071815389291
-.0006232433989295
,00050851917521
-.00212876490392

-«000369548856108

.00082599912092
«03146493992199
«000%6475525143
-.0007 2942203640
-.00089333966005
-.00133508639768
«00C381R246222382
«00079299TEE2LT
-.0016452359465%
-.03095693143072
-.00056180797446
.03077536012679
-~.0004L762938243
-.000761180238864
-0013102234595699
-.00067369363186
-05130056415381
«00106c306605529
+00100701516877
-.0008183604%9015

DEL MOM

-.153768519331
-2,12738890827
-1.2£716807892

-, 79214554112

«cQ892311445
£22225633491

- 49676620617

-.13131174010

.03391989313
2.05585392262
-.2094T478379

-14572555011

-.0820152¢105

+7TI569146451

- 184552485138,

—.25%8040735¢&
-02598385229
-~ 10011Bt&6162
-.11140601741
-.2F106991234%
-« 63877803747
+19233080839
~1,96618024067
~-.83788008441
-.295046648855
-.087832165624
~ah 2762774435
. 0H¥UEH933673
-.38634911756
13400836539
- 44324812941
«40470593728
«38521383T1é
« 20348319470
+404955.0276
~—oT4293451442
-, 27187400375
07070941020
-07607687035
~.25802103180
-.83858T799732
«54739394037
-=3851£040472
-, 70403382221
-+ 76814520968
~.58974011962
«42963579382
=.55491176600
« T4445054960
-«97561087837

£¥602¥d-OSIN'T



WAL Mgt tae T

NUM

1
2
3
4
5
&
7
]

<F

17
11
12
13
14
15
16
17
18
19
20
2l
22
23
24
25
26
27
28
29
30
31
32
33
34
315
36
a7
18
39
40
41
42
43
44
45
46
41
49
49
50

NEL #caoE?

3.321015339749
-« 179982158981
-.098284417070
1.1227541594472
-« 199846702944
« 236534567 Ran
s PORT26531531
~a 1077675831395
=a 279037157157
=1.603R15998483
=.697024320038
-, NN391997A5AY
1.761 710579056
46K 4TQTTR2 2R
»27290930030R7
=1.0632783115344
-+ 6100668C5155
~.08R2ZDA203644%
~.2003847113198
-.551018273040
-.184884853592
=1. 346369761530
~«03152841204A
-.5262315R95482
- 125660438520
1.819731366279
~e 3421133959249
= 373200403446
« 194090291 794
-.3047290590588
-.093773569505
2.03R 669673593
-,00211770°1137
- T98336N42250
~.083054791921
«+131471071476
~4 583109047806
-+ 198150~33309
215927260371
«48209821R843
-.229582438165
=~ OHE00158T7TT1 5
L40051814% 761
=.394992591409
2.30544425R804
=« 1T7TAEQ53TT 14T
- G246TLER2602
+907A15721741
«225314273102
- 012780227640

GRS FE MINTD

ney NORE

=~ 2RLRRANETQTR
AL L E LR % LT P
-« 1572130 573A%
= 104414430997
=-. 0095392636729
~«030335713313%4
- N587T313 24006
. 330561309548¢C
-.065513n67281
~. 200322708111
=. 019945074829
-8R 51N9848T3
-. 16857057 0A%
-.0237R)891172
= 0336204671 247210)
=.022673165N44
~. 019954520216
=-.011103R&1165
-.0850658683N5
=-. 032736740512
-.nZBbQ(:E\BF:le
—a QGASCHYIZ2Q8TR
~+13R70015%203
-.ON56ATTT78823
-+ 036056595386
-, 026950913092
=. Ol 2TRGNDASSS
~.018773106028R
=D T&297T9NTS
—+ 0A4A3199TS51
-.0225147291603
-« 1B397TQ241920
- . 067625237180
- 06TTT?473234
-.02858716™748
-« 123613712294
~. Q328732016642
-~ 022369427556
=. 165605484190
-~ 022612049223
=.022097880163
= 0430903 ISART
=~ OTRAQARALELD222
. 05810191277}
~« 157484190331
-.0528551A4Nn31493
-+ 035794329077
-. 0282410956326
- 054977647738
-.0DATHIZ2HSTLAN

PLANFTS

YEL O OTNCL

-.005333114276
-« 036806178048
.00287521 563"
L006099197294
001856446028
-, 007298265738
-.004152911533
-.00186230132¢
L001546269341
-.027243030277
-.0N1139267398
L00587 1756609
. 001 R6R130042
-.00164862588]
.001450104768
L003496522538
—.007975884945
- 002120696 T44
.001605313771
. 001606061230
-.001152260816
».00A8453704 854
.003488761634
-.0N0598682727
-. 001553602262
-.0049794569720
~.000077276659
<002066661344
.000720261931
-, 002363269132
.005318548335
013446159960

~. 007843043020

-.004577323188
= 0028337762 04
«N04 754602553
=.002281889542
(02234628308
+N0B154402697
—.001219173283
-.001392366984
<0031218746643
< 0N3636103461
-.001032%66002
-, 027239204984
«N01396446279
-.000302566670
« 002442122014
001809389992
«Q00965716254

ASTULATION TS UL TadM npye

DEL %0

~3.208767533790
.110112578426

S ALR%2D137124
~1.10732545446%
L272217097846
-. 232308114025
-, 283154490661
<085841423°14
.30141659389]
1.7527 84839261
.661221580325
L339993463G8]
-1.720%26 745335
L5770 26989140
-.215'329371 ¢~
1.731920167716
L 606675762751
«0189882723A9
.265557479038
.520317595077
1389437771220
1.285609434 743
.065926590R82
<471554263047
-.1021355850R4
~2.057353663065
- 340238465A185

« 405495875701
-.279914293027
+351592354023
.107300742991
~1.940272963905
< 100873324325
LT12759830443
L133231105300
-.179943N078045
617605495067

. 229935062866
-. 285856023474
-.532314532438
«262347873011
.125281834233

- 467536951717
L403332386668
~2.29924R0535%4
« 152419894833
L373779105425
-.9214R3482227
-. 180255394323
-.069520878160

R -

«NJ0512139444188
0035046300192
-0031=33%320845

~.00061513316550
-.00120107212873

«NN03229572232%
LNCOIBIATS1IB A4S
L0532 13125753
«NNN45187930131

-.00605928505 44

- 0036719552346

~.001485190779950

LLONT2953054645

- 00277815791 Nn93
«2 000465506511 212

L000372161331507
.00049387590522
«00068203324780
D036 TF1951 6R4
£03007292557261
LO0BL17208531 097
L020RT02179376
«NP218568%55295
LAN2198904687870
0330215B1976R5R
.0N2654840340¢61
«NCO12600704648

=.0009] 762684122

LD ]154549807179
«30042566539490

-.0N2G64B865R19210
~.0006B383879546
-.00328541904908

LON297904035897

-.0C003409R20562

LN0232023392258

~.000064443024541
~.00097251423836

LO0N27053635688

-.0003044°237414%

L00037T399263041

-.0017545616T70473

S00042684218¢€30
«OND15003802599

~«20173527633360

LO00171£641275397

—.00151731906145

«»001723759049732

-«00381792280135

002530174389 74

2443200.5

nEL =

—.DI0BTLI1IR0G264
~s 0031937028947
=.02L833478]135¢C0

«902%4344601298
«00L19538113238
0008 3424838957

-.000901519891356
=,J005124C315150
-.N01723037313278

«30413627720705

=.00343552670750

«00101677977371

=.00019540692573

«J0139820548809
«0010131522R051

-.00173525137537

. J0064743322003

~.00028637799724
-~ 00072673642569
= 0007434333704
~.00089355105047

-.007R04518950176

-.20327586515600

. 0039385739861 6

-.000°1521274078
- 0010484085987 9
=.000°320PpRp 5958

«00085459590040

-.00220R15805]133
=+00358426042040

.00133181757182
.00174120474052
.00109506431511

-.00213473519283
~-.00152332643703
~.00140203728381
~.G0017159740037

«Q01166BT503307

~.N0191133442519
-.001040R3593584
~.00070155036211

«02084844523245
.002470185963901

-.00149586117378

«00261161455507

~. 0009945118611 2
«20127098190061 |

£00122224341308
«00105176928296

~.00108699210525

DEL Mpp

-.21417159313
“1.49538555388
~1.45664472268

- 3R19T7 750297
. 64939884600

-. 18751024854

-.11005014401

-.36876972688

- 29777266515

1.R344257117s

~.5462604107%
294948350972

- 36881999073

1.12679196T13
.22026371722
~.2628B82E3032
~.2742664225848%
- 45435651800
-.55205600129
-.04312%03281¢%
~-.673951808107
-.32287577901
-1.04123455016
~.67033278499
-.12861948974
~1.22R01773296
-. 06683680693
L3E052121103
~,7B816698995
~-.30028073253
.88833202707
338046165044
1.26387785296
=1.33806401367
011714299158
-. 85092074623
30217587334

£ 41675603406
-.11300761678
20951312598
-.40854861807
1.00464949322
-.31521673403
-.0B749475763
- T5656640024
-.501353115638
.57542348630
~.557374632354
1.20384583854%
-1.1771015882°7

EP60Z2PA-DSN'I



NUM

e
NN O O A W N e

DEL ARGPER

3.499270406A07
~.112310002409
-.035847950308
1.0RBR575515699
—. 308947182271
L0TT400106983
.268346561937
-.021906867881
-. 172006995454
=1. TLIOTR4SA? 356
-, 7353009194381
~a 066553225832
1. 865339106232
~a541167765001
051817022311
-1.04T7T109794588%
=2 T21162685683
=, 067100724061
. 154799273509
-. 654619750068
-. 148334405589
~1.694514283288
. 042109265009
-.500597133112
. 371736033194
2. 662833106009
-.251645541561
-. 596863122032
» 403860 TRT5769
-.236795081153
-.029828689138
2.032355957290
-.053699047676
-.547659110203
-.2125219456T20
. 189270754793
-.519343R41428
~-. 3192016336031
«301194363077
. 876592595002
-. 289602455072
-.131205654718
. 429236670599
- 280794423519
2.315853175125
-.148368819027
«1.0553350426649
1. 259712453844
« 281343793013
«045475975807

GROUD NF MINOR PLANETS

NEL NODE

~-.2R530P626531
-.0574661215298
~a DUHO934TE9598
-+ 105510220199
~.017979R 36051
~. 050871208063
-. 068464172016
- 03090564388
~.DbbEUIHTTI22
=2 207606465190
. 021971209 746
—.06TL1iY234T]
~. 178934311978
-, 033871136279
~a 052187538544
-. 0299772409036
=a 019 .6349006%
~.(2NQNTIZHARZ2Z
- 0216891467468
= 0344064R4072
-. 029235562121
-. 0501972618561
- 138169541951
-, 0291932477202
-.110073072010
-.0TB507862258
-.01267T683%46
~. 060663673014
-, 064175616542
-« 075830747977
-. 027896216828
-. 187629380990
~.0B0012217568
-4 109833430288
-. 100272130097
-« 144697439704
~.0310272904%50
-.035532278333
-. 0ThRARLHST265
-.026T156482887
-+ 022306153620
~.1506577 11348
—a07T2544620092
-.06410R895138
-+ 160848219908
-.053181145142
-, 03630896740
~-. 045165935306
-. 063968745697
~.080T21522758

TEL TRNL

-+ 0036052210606
0637244465197
«00207957671724
«0N%222907201
L001803648965
« 005312054109
-.004364013471
-. 001436841194
« 0001541569065
-.007275633301
-. 020658346548
005649854215
+00JB3IZR56074
-, 001614546791
007417240139
- 007080239974
-2 00433877792
-.001l610R5012
« 001452071747
001594310039
-, 001193667335
007541570730
L0N2800490061
-. 000562029401
-.N25163165080
~. 007190493299
-.002101712044
001784603305
. 007934445060
-. 002121482352
~007421081055
«012828157504
~.000571891233
~. 004704958523

¢ =.010351989295

« 0046303756385
-, 002778453608
L0N2536T46556
- 0035810525086
~.001219990724
-.000034239629
- C03031R15295
«0N3982856503
-. 00106861 9589
-+ 007201044980
-001450819438
-, 0017409298453
«001118458340
2« 002160994269
«.0010130309%%

ASCULATINY TS5 JuLTaAN DLTE

OcL Md

“3.422376900154%
< 041399237085
-.0613 74468754
-1.055398319h45
399111101659
-.034189047430
—. 3141623358384
«2123836992809
160106702673
1.84235657430136
«702951965475
2106023732029
-1.823352557811
« 6886449006335
-.109121916179
1.239317803277
a733315300004
2337267005187

« 194381091646
«4ZRLTITLI542
.130569375029
1. 714173307036
~.135001744185
«4T65664190839
-.622410216190
-2.787827581550
«211867259928
.5629377301379
-.495R 93317853
«275916956307
.083116384503
=1.9650859523406
224203447585
2547515610866
«293567160559
-.2397344252%37
«56121463T7226
401287509874
~+37026141£2309
-.991698044141
+ 366420177612
+»1902897136540
—.429219170233
«2R03072RL155
~2.286534580693
«1213991543605
1.104696436432
-1.268139234879
-.260317545064
~-.106523996080

NEL &

-00139569035R14
L04245003393815
20031399 5642337)
— D041 FH62%9130
-.00039504266703
-,00003314615%1978
- 00N60A02949340
.00001932609179
LO00T1319612 306
- 004T1524715556
«00736713753595
-, 001044 71124608
0001774474848
-.00283196R250062
-.00043923554576
-00173572029286
= 00Q239T425%640
-00031548154323
«00105121924295
0047164060878
-00071465959014%
-.001532849377T0¢
<00301439617299
.D00BROT3128924
-00158808758270
~.00061CR200R110
~N0062831401792
-00105612074327
-00134645691753
-000497T8LTT6025
-.00351RI6876TI2
-.000116438399495
- .00409714903400
-000451793119528
.00376765466102
«00163B8320B6652
~-.00014979410535
L00104506T24416
-.00038320494426
«00089152318704
-00043701234854%
-.N0L193063640868
-.00022851221847
«00074925020405
-.00148090215696
«00123006199769
-.00069660231593
«00084532838676
-.00100587763990
+00204B49196289

2443600, %

DFL E

—-.D0D63T23349157
-.00317653459720
-.0502015%46741247
< 30LLTATEILT0RT
2 N0L26020070677
.0D102R66410721
~. UL bAL? G658
-.00261145£25007
-.0N13294TET9909
+0D447554096761
-.00070538426084
VL0461 T265TS)
. 300077822941 70
20016225541 7296
.0N159855395385
-.00113955085340
L00N514543152316
-, 0004 7961421820
~,00394437760181
-.000B51504652651
-.00110564732239
-00233475299418
- N0319336620473
aN0142226469058
- M0N4 7500114193
-.00039760554367
-.0010194156363¢3
«00112346668225
-.00228480022739
-.003781 76683971
.D0156717304522
-00201541969076
-001211154248821
-, 0030%6222%4477
-.N02T3667095925
-.00153505602450
-.00039414633026
+0016141702435S
~.00217015R27583
=~ 0045860661674
-.D0073R56T567446
L00075508406742
-00091S60933469
~-.00151086348300
«00287008547280
-.00124463054E83
«0011664T4E00TS
Q0134858705829
«00179804170916
-,00131400999359

DEL MDH

- SR3I24633T61
-1.76713249246
=-1.55374570300

226044362504
=19709090159
-524710635670

-.36732807794&

-.01%29RR08B56

~.%32065886562

1.42676604280

-.20741827395

ZHETT2T06537
-.0RTRD22318B64
1,40106075303

20601474506
-a633150242622

«133195478J5

-.21020R088251

-. 60016045781
-.27885020%1%
-+411005644255
+56554806533
~1.43545695545
-.26863028265
-.04575756341
« 28714484535
~.29607133268
-.%375580074%
-.686T72761381
-.30789491052
1.060264°1104
-05753923797
1.57622391514
-.22115178010
-1.29238628703
-. 69554637050
L.07022353970
—a%%TH35557T92
«15SR820TT24%
-.41303511097
-. 18335268837
L682392157961
+ 16881569645
-, 43679057765
+64558583950
—e 64610745575
«26408313943
-a26276499241
«316B07T79366
-.95322684776

£¥602¥U-OSN'T



L~a

NUH

OB =W N

Bt g
e

16
17
18
19
20
21
22
23
24
25
26
27
29
29
30
31
3z
33
34
35
36
37

a9
40
41
42
43

44

45
45
&7
48
49
S0

DEL ERAPCR

3. 645359726389
-« 036209690537
L013564127075
. 99N2 06800179
- 464144754802
.012R97363408
-12035025427A
- 019665262174
-«037525341 089
-1.7642216508759
-. 568363137769
-.114949549385
2.025751210480
- 775201772620
-, 098093249489
-1.155421722929
-. 766922861 847
L059625254653
-. 186358019521
-.344 314835516
.278378858820
-1.709785335632
W 115377799313
-.361091420122
.543216400616
2.733783314692
-. 169029351586
-.R46523635689
. 620747919274
-.153783049373
-.03R206056834
1.993190895602
-.092211178453
-.376604T63043
-.342966373752
«229792442995
-. 482364107054
-.654R5T4R5ANG
.365915211 187
.493985A80548
-.362559616923
—.183461634242
LAT2794676579
-. 190201089557
2.311201218385
-.010648559088
-1.186250562350
1.660150730535%
-. 013680692962
-138242170317

RECUP CF MINIGR PLANFTS

NFL MINE

~a23316AK3I7ITOT
. 0662711785876
-.N1883201211R85
-.107231590800
-. 0296566 2R35]
~.052149345560
- 071854491049
=-=033313754068
-.07T3984555781 4
-, 207206933574
—-.021227986090
-« 053702654462
-, 184307038272
-.025027871618
-+ 053515947733
—« 61040699080
-.021320874715
=.03IN59AS3ET4S
~. 03979841263
=. 060929679075
-+ 054501372160
-.04Bs3A155331
-. 149049007050
-.M3I2020372480

-. 1967156034154 .

-.080727TT72889
-, 013577056798
- 056501446878
-. 065354033497

-. 0759667593265

-,057157938598
- 20229944538
-.080576126725
- 115745296294
-.229976636709
-.14328672543)
- 0433237435R6
-,0373473525]15%
-.0T6613487825
-, 0305358913157
-, 035274543218
-. 053194306125
-.0R0T197C0L41
-.066941748388
-. 1567182000008
-.076826985409D
-. 066151942432
- 047004059375
-.091482085303
-, 096745820105

JEL IMCL
-.N0ATBTABISTY
-+ 0338RABETHGTS
«NN4%204595582
« 024005587448
. 003511472A77
026284292597
-, 005412670 3AR
-~ 001862738116
«000150444180
-~ 007ALB26511)
-.00N521u%8L16
. 005415151556
JND2477536417
- Q04176806169
« 007458289053
+LOONIBEIAREATS
-. 000316292392
.007786051719
«001592686009
=001515220690
-.001583584517
-« 006271378345
« 000904815276
-.003507765475
-. 013667973782
-.00739R188257
-.000125152699
« 006480217780
~ONL157155¢6886
-. 002115080482
023055682184
.013394420184
- 000662116271
-.005100027690
-« 005101412400
.00/KI58557070
-.003105233229
.003344798607
.01225655192%9
-. 001587212605
-.001293636208
«002569997413

. 003733813768

- 0NN 7139706049
~. 006859092889
-001497823340
~.00203720245%
» 002653425090
.000284576278
«001270826345

OSCULATYNN TS JULTAN DETE

ASL 42

-3.588286994429
—.059543245]52

- 108470254007

~ 9372387621657
L521RE6550R10
2055591 346R 14

-.15922717701)

~. 043070591051
.045141503397

1.837626 121 %43
LSALITLALL2LS
166260724453

—1.9454 20178604
LB92601409499
.106739707866

1.113678254187
LT9574609063

-.090452169665
.15B755628755
.305734716621

- 870522147

1.73738202454%

-.138113727473
LART?24T179501

- 4 T2L1AT7488732

-2.845109642109
117448407229
. 859400373753

—. 586290904517
L21R0SAT45511
L.082964364 8530

-1.916352910368
. 299122116077
.382956211450
L36R350965865

- 256881159213
L4399561060872
L 669741563608

-, 504504279698

~-.55R385053601
L 4T6TB8794400
.2214497566752

-.395592630401

1572965288772
-2.3127 60408233
L01199691614A
1.210366179095
=-1.6442T74320413
-. 042307467938
- 175441569183

t

t

hey #

SNG1 25415563593
L0O%B537513924
LO02Z60921272206
L000333GRZ65 R4S
L002661737588307
L0N0712R545%RE3]
L0452 24037R00
L00047311682150
.000DY055RL5599
LG 1R 559748173
LON1OAA291 5969
L00116245186445
LNONGALBRATIZRAT
.00122243691655
00157565575 768
LODPTAES2RT1325
.000395 29489 8R6
.N0L20994618590
L0004TOT8YT2T4T
.D00835245815020
LON2B16442 75655
.0D0RA240535644
.0032%077511476
L000445%23699574
L000L1060549534
L.00017943166765
.00024606110559
.N0N20851548508
00060057469 BTL
.007210830707512
.00L65580RT7697
L000729256RB275
00391 784558293
.00113454480504
.00574621573132
.00109951428169
.ON06R215638075
«00066564428546
L0NJS0110602144
.00029132366527
.001221143651789
L001137503561191
.0N0DDEDL3ITBAS
00090445064 023
.00072688900 73]
LD0L T84 65695813
L00024446498T440
-00054720962352
L00342021321666

.00281153184781

2446400045

NEL ¢

-.00745844033475
~.00%3163523472F
- O0221171RAOTES

Q0133845335747
LO01NSTL066(0298
LN0942969469219

—.00034730122264
-.00308330405629
-.0D14%2E505FB650

LA0XTLN3THeBT1T

-.001011A63£4241

.00i0D05237R4187
L 0072604 7996982
-00155765510875
.00175320667829

-.30142342198267

.00010°056639247

-.00023742618926- -
-.00113008738017
~.00101091612620
-.00113230172236
.20001255541R80 -
-.00371407730411

L00L7812R333725
«00031952351818

-, 0014703138993
=.00L094TT1I74TGE

«00070330482613

—a00242767692500
-.00291615038127
002065068071 73 7

.0023210220%627

L001336464336440
~.00312343623384%
-.004610916739274
~. 001654111 70408
-—.000767771672310

«00127424688855

-.00240511418412

.000083107492111

-.00391900913752

»20370083544050
L00102075417252

-.0015735448310158 - -

.0031725R4012381

-.00132495111237
.20124800522473

~00124337228761
.00301356119936

-.00125357410876

-.52413067140

© ~2.03AF2B&ERTSH

-1.72948232749
L.20735972197
.%1965888595
61410725391
«27373851599

-.31499534 2435
-, 03061427206
1.26500938%9302
—at0B874426354%
LT6221577529
222319976201

. 60433101450
LT3962774178
~1.00041823996
-.221706R4%3109
-.80580822788
-.2743009230]
- 493734356476
~1.61686265385
32919750941
~1.56686275979
«1358726A8550
06592741963
.083108%0662
~,15514151354
.08643858318
-.3064202%978
-.067000546033
L49852661198
.35598021635
1.50712545652
-.51002859362
-1.96944958910
-, 44973336673
-.310££936500
.2B85211747263
«37605046618
«200693E9732
-.51216073962
.65110005016
-00554553435
-.52722559212
-31580904518
~.93715803597
-. 09270926872
.1701917498%
1.07826908796
-1.30782256531

£¥6027d-OSIN'L



g-a

N

o JOEWN NN -

DEL ARCPFED

3.50272104133R4%
«N1831147A772
« 112398440499
+ 850202323072
-, 4057433241993
- 058897151933
«N63211063597
~. 1217271934925
0913041263568
-1 .B056 14544290
+.03386R406630
-.131804906156
1.8933155823170
-2 83536444%46365%
-, 1B7325967498
-1.218420081605
-.TRT3IPN1 65977
« 4634698103153
«s 24RTT45265T2
-,22T125R0528631
644 A25RTILLE
-1.811800629235
«205T0AD12574%
=-,375051T732R4%41
«S5633TT6944601
2 TTRL54006704
-.094531009196
-,B3206191 14806
1.049826398852
«0R333132T7aR7
- 214502720781
2.003R852941249
=-s138N045750522
=2 2134564956400
-.276G13007652
» 302613970485
-. 4639167445568
-.653311825121
1. 0637024 899R%
. 17TRL155520705
-.51989980T7L %
-, 202802143343
+ 296502514080
=-.NT55976 54490
2.220664494580
LH9TILLD22241
-1,317506980027
1.96970732708¢4%
-»1499971111481
« 422703099579

RINNG CF MINOR PLANETS

NEL &#rnF

-. 2233322612071
- 0TNILLEDSDLS
= 0824669525910
=+ 110944751199
=.0130014298303
-2 052605590448
=, 003783745277
-s0396A351 8610
-« 100624565653
~+ 226982125223
~sN36 758617545
-+ 060332006033
~-+219316760013
-2 059015784154
~. 05047703478
-.041257512R54
- Q209860446722
-, 030238264608
~a 2066 TEH 40302
-2 069955793741
- L& T126ABTTRT
~. 055752512664
-2 163637140804
~. 028225635124
=~ 201659239458
-, 089734210116
~.01544430R026
-.0562949125687
- 0732564950546
- 104029R05323
-.085409594704T7
-.202322713249
-.0B13003414913
-2 1268761201995
=-.230936449392
- 1697935274564
-, 067374298490
=.0%923335003
-, 0RS64165%4723
-.031014445710
-.051 700801634
=. 055449629395
-, 085291R1A6045
-, 0669N4L3334R9
-e 1GGRTOTC4ARI4
- l6STSTLB265T
- D&T&TS51A0LGS
-.050499226574
~a 154955622951
~416673590046R

NEL THOL

-.0056R3352 1487
-.0342165625951
.0N5565614333
« 0042403460479
003483159079
-0059036T4T64
-. 005744029309
-.002094444101
«-. 000724812965
-.007861363128
-.0020436T78R92
«00+R03939P35
003035706265
-+ 005854059374
«006499835534%
002471405942
-2 002202657147
LD346660T78712
+0N2820884721
+ 001816915263
- 0061667361432
« 003409737648
<0016 6FGTLTT
=-.00346932701%1
-.018254380428
- 007409670424
- 000172255192
« 006429298507
- 0021569940998
-. 004305003694
«+013354504879
»0141A12R3618
-« 001699469517
-.00%%915631669
-.003570924661
.019482727333
~.0NZ2C7 D304 R6T
«002827268349
.012390993797
~.001928642261
0046052679516
«0022937310233
«0N396323050¢&
—. 002686560827
-. 006576497096
«00456637740233
-. 001653856762
« 002889518956
-. 000419167762
» 0099560974389

ASCULATION TS JULTAH

OFL M0

-3,819274766519
-.138181438232
-, 216762926483
~.906709270134]

<469060695905
.0983076502072
-.074974085883
2117712002443
-.106027925420
1.907540890847
-.1909520799119
.19R931103679
~1.B42430441458
.973807751754
.194255351311
1.158864205328
+6955P2521006
-. 082767172255
-. 184936454723
. 208682092963
-.709016168425
1.217208957615
-.219R01R96854
«33919%425961
- 472313752201
~2.907481764218
4053577116173
.B855046582190

-1.17B227440720

~. 101068842407

2310643440123
-1.99130329539266
2331675168266
.191792485286
.357258700526
-.449110407802
£4530734R3061
L5682657202631
~1.204442376136
262017866065
+5609349NT364
.277391661565
-.279820980591
061700947041

-2.22R663624712
~.596359447511
1.3397533A05R

-1.92446365966 7

+2642543719160
~.505918232082

nete

NeEL &

L0031B87035231T1

27444400.5

DEL E

-.0352573730928%

.N04T05T2213293 =.N034634030992466

<00396037711536
-.J00%3657259024
-.N00 36969584144
-.00019860122470
~.00029197716849
-.000167T67938361
0011257 1483653
-.00509025858099
00162342391 143
-.001051633%3651%
-N00RG1L11RB4A63
-,00217779820346
-.N0088959525327
(0229522383366
-001371304627045
~. 000141 77235568
-00191970522383
L0001143852532%
+000745L7702633
~000165°7R22632
Q0256432232784
-00034616%348070
0000708989259
-0001B224588811
-0006A805C5683029
-0000208279% 88%
.00241197858929
.000912974642588
~.004041143€0659
-.,00126093307593
-.N02892T6288049
-0016B8549897346
«003969193396796
L00261750160531
00044343905 249
-,0002879347 7846
«0024408T7294459
00023871806 734
«00284679059870
-.00135602169501
-.00040510556633
L00D15272792223
-.0014121925%47178
«002835258376064
-.0005564T708886
.NO00D&425893225
~.00667T8T6S17204
«00372159682847

-.0019540€558]1 81
.00152252538572
-NODBL2230555600
.000B%54B5554159

~-.00740N07112156%
.00022810941532

-.00994352999192
.00511136320191

-.00139£21256559
L000T40R443T604
L0ND9142094018 4
.00108192903073
0016183611017

~.N0L64B65LTBATSG

-.70091892701828
.000T7T31965246307

-.00D58200923097

-.00112576209348R

~.00034476%08542

-.000336T83B4127

-.0N3224617177374%
0021553489362
.DD052846592721
- 000E0D446681490

-.000B7590480242
-00243867606583

-.001R3252R1144%

-.00025858668906
.,00201521801223
-00261142752821

«001462385660513 -

~.0032168923937T9
=0046118%4344500
-.00070282728555
=-.0010023235¢68%08689
.00095883T652215%
-.00259319808072
«00308923235483
- 00133346 240557
-00047520029779
-00102126274405
-—.00162346846145
~00346T734210024%
-.000890780705%91
-00118355205515
«00140413211421
«00397279110107
-« 00003808389919

DEL MDM™

-.0782000357%
~1-95943766178
-1.80957000392

«3RLETS08BHLT
«18144143845
- 11533365403
218034716967
212407623337

-.681256224%3

1.540456650317

-.91653950925%

-69760732313
-a%302552718%
1.07708223930

s 17336454628

--83558531578

= TH 124420533

+0%%48802687

-1.09550828925

- 067646104946

~.4285%4950944%

-.06119333876
=1.2213933264%9

=e 104220644439

--04225594733

08439741438

=.4290169924%

~.008562318364
~1.22953028290

256454057307

1.21734834045

«652339513395
1.11229567459

- 75751303255
-1.36140%134%46
=1.109056618861

-.20782609511

-12335150861

~1.017092239429

- 16420759256
=1.19309721232

« TTHETBO9S223
«29930579640
~. 08906324844
« 61561324374
-1.48807739160
«210°4857932
~-«00132430913

2+ 10834651775

~1«73060963453

8¥6027a-DSIN'1



NUM

Do~

26

28
29
30
3l
32
33
34
35
36
17
38
39
40
41
42
43
44
45
46
47
48
4G
50

NEZL ARGPFR

1,671095061 348

«0BlAE5990 240
« 1004457569161
+S1G334 3641037
-.2370820132281
-+ 382TL 6737157
+0166195T3845
—. 194158214509
~a(089409250442
~1l.T45R446645535
~J1E21K203%4])
=.092J83051120
1.47C765671 136
-.738300228524
-.25089373219%
-1.299725012C09
=-.6421FP3530300
«027643566798
» 302448339056
-.092589333479
2664702590027
-1.A840G54221GC95
i26CRT4479722
~. 835177578309
«519282554C03
2,77125736564 2R84
= 241752405453
-.d023302781302
+B49R36032681)
113816701141
-.32549C6630179
1.567239376128

T ~,175A31013130

-.062372293:29
~.182332351796
.227C69201268
-.412300311556
-4 495201744 363
1.761206363€81
-.067431361C95
-, 4772790353243
- 148467508534
«23T0403684278
-.057457580402
2.234063159012
LT122R)351295
~1.450780338784
3.152230740775
- 171156837667
.527293153 398

GRCUP OF MINCR PLANETS

BEL MAODE

~.3)915315239133
- 0TURE4332907
132653526604
L133815407714
-.0306£5864550
LCE5419505520
101264644625
C42668914279
264327307647
L241747362707
. 044330902561
L1332371573756
2286447 HRT2A
«0H6315307475
L.0571377396848
«£413549230956
03625289019
. 030918538269
.2255€315CCB9
LLL3491472624
L117535A7€281
e LhLITERAL43AT
»16A9T2464435
.043263828451
2016569452118
L 90663826613
023149101336
«056701&27167
.CA04€2693761
. 145903338050
LCR3F4257€952
«234598662T01
.034143255565
. 1260458795557

t

4

176119615606
045714232045
«04N01E595645
<103B87G091091
037445550293
LC80372T42140
.115670157603
. 139029867063
LCTI2TT6L6T00
.1594107T916A8
L 162296153225
048698110153

-.0544RBT404R5

- 173505926060
~.140324587253

« 224977442548

DEL [HCL

-.006053469530
- 2034093936533
LO04GTATSORTE
L002265533670
«CU293R015£32
L0059124611676
—. 0062305697367
-.002557553942
»001257986435
~-.U06A70376844
-.0021817226175
-G0739177216348
.C0S024778671
-. 008922754358
« 004945003165
«CUCaTe3ITeT12
-.002448271973
.0032R4744978
- 005391319211
a002522004258

~-.004138387571

.004051435630
.001976926199
-.001801375411
-.015924079785
-,00709271697
-.00513895614T1
.005380450953
.001131787034
— L JJ456AS2BAST
L020957692256
«016063024162
~.COCB099R2275
-.004003379099
-.003991386R87
.018664157389
~.003034875005
.0N0%31620520
L007357241567
-.001T24172894
L004804140462
~.001124534800
.002995503816
-.001400T63156
-.006485640354
.00B431702296
-.001656526995
.006034301372
LCOC191152157
.013453861804

OSCULATION IS JULIAN DATE

NEL MO

-3,864631614540578
-—.183576103947
-.30637250670¢5
—S505TR3ITIC2TC

.395992)45256R
Llatyeslbaine
-.0414£24099933
1763613583259
135251004100
1.89BCO&B3628T0
= 4090547646535
125947221004
=1.3661G921¢Tu54
LBT72251766174
2375407594640
1.270563253798
L602732989565
-.03408%4052R4
-.1742564865606
069TE53R6532
—. 7121765377701
1.873390964635
~e2E6724763G31 4
«5324901297396
-e%3146362T8704
=-2.90%443822903
s 196T5TTL929T
JHOTOL4ATESARE
-.96Q008536473
-.0297T10899755
e T943A59B795
=1.498502792463
+3T3500408805
029515742772
«23ETEBL54]114
~e327233662271
L436F89935T748

« 650678084324
~1.977968354255
- . 007T6R4897999
565732136056
1960362303767
-4233713Q43071
~. 0066395556606
—2.209229L77394
= T63647223968
‘1.507993163410
-3,26T75084467022
«36182657848T9
~.T11995786631

gL 4

L0JOAQAL5E5TE343
L0D382225521161
N 26331945 L TARY
-d00248106565050
L00D2174RA52777
-.300773303427150
~00013355633936
L0D02N2TE29468R7
— 000257542 T4645
—.00639034221720
<0006UAHGU33T23L
LONN205T 06N G
-~ 0063146346076
-.00153331247194
~.0ND52022875276
L001344052314948
L000”6355260398
~.0001522193%5313
L00001713302989
«DO12362368295¢4
.000%4678B323352
L06023059239012
«00292314442665
L0025442R158176
-.Q0N0N2340557197T1
-,03058118465735
-.00025343638968
LONO509T4316752
.00052302327393
~-.00029B816001860
-.004%TL3A630216
.00022917661170
-, 00356542731 544
L001122648516AC
.00507694026238
-.00065513042859
«000154839 71018
«0005561391 7904
L000115%5395829481
-.000720295425530
«002124863727135
L00068484601227
L00053375469672
L001125G1020361
~.0021%895480051
L00066T005801 84
-.0D137660870715
00466845971 845
-.0074301L7412788
-.00002396128075

2444B800.5

DEL E

L0000636491099%
~.0035T736354440
-.0006317910411A

LJ01228751898A]

N00D549146722153

.00066535874581 5
-.0004%615227837

LO002140237T1T62R
-.00035947R293656

L.008FR2567652315
-.00121632837T646
= 0001772066663 4

LO000R3295821680G2

L000337821 36323

L.001%34574208825
-.001891&£0038070
.001103811358622

.000974£2909071 ™

»00043387415848
~.0J0L646T4593104
L0001225056844819
-.0005180824675637
+0030630578228¢6
L00312783%36611
~00N&E3B44555401
LQ00437T17339287
-.00032925%317679

.00006232072676

i

—-.00388271573464

.00038115125870
-00202755205668

.00285735763230 ..

L00140721943140
—.00324936336520
.004599738338432
L031025€3220018
.001163896480430
.000633530T6984
~Q01A11TA3IS455T
.0000224R7529325
=.0016047553R003
»00060578406337
.00047679008572

t

.0037965036R8675
—.000135T712542064

~00124159650755

.00260351855758
«00442243719842
L00171359270375

L001091476B2756

DEL MOM

~+33793393443
-1.59220063444
-1.206131546808
-.17444835070
~a 168476242364
41130558582
-.08033047483
~.15001753088
.15295545635
1-93187534506
-.34255231568
-.131388307560
31355466654
760574072560
«26471235773
-.504356598489
-.34848605819
210146461914
—-.73061596540
-.54453642208
-.0B501311786
-1.39236325047
—.T7612202028
«175827939472
25524126528
-15993414194
~.37593761427
C=la 256636277237
L1R4468636225
1.649874144410
-.11323350543
1.371364527272
-~ 50468347223
-1.740548656349
405977456838
-.07257845285%
-.23815R77954
-.04821342815
«139540375587
—.89082649617
-~.39153471921

~+39377705358 -

~ 65572033690
«9371050T419
~+35045337860
.52202898R18
-1.44893526721
2.34626340129
01116082991

eF605a-OSIN'T -



0T-d

ANUM

p—
LD~ P

-
-

12
13
14
15

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
a4
35
36
37
g
39
40
41
42
43
bi
45
46
47
48
49
50

DEL ARGPER

3.617884737037
« 134544223332

+ 138474030735

= ST4RE3LG2 30T

= 330631874 357
«0460310110A1
-001037962109
=.232315254299
—209213306C43
—1.665549315¢&]12
«336271031054
«N00FIFT5H3 363
1.35G6371254043
—« 665953394916
-.310433091 830
=1.212311262R892
~a565703329R¢38
—o0lP165E45 494
«255282591319
—+309950918818
«510T1933922¢4
—-1.9R439356388%3
« 1336771051330
~1.382125675435
« 479199232726
2.T30243452687
~+321910605438
-« 814934844297
«676995038232
«025438899102
-.403959561267
1.2815153749611
=« 21793R5544K0
+C70372918CL7T

C =e1C2982191%35

« 2685611427149
028670388433
~2 TCEFIBTASZ 34t
1.98AR65327387
—«033081¢€545518
~«40483071833)
+014624T11 705
« 128568774411
~.26410S8389417
1.3£7250639 898
«$£98452432720
-1.616506304879
2.969634320896
-.2303506229565
«5TT725952455

GRCUP GF MINOR PLANRTS

DEL ND2E

-+ 355010952200
-.C3313181754007
-, 128493813694
-« 181267032437
=-.039282451477
—«.Gd62£0D056853
=+ 105506245345
= 045222324228
=+ 126375756539
—+241854515832
-.C503154/90198
~. 138522202131
—+229515593830
~.075025304770
-.06095T7486693
~a0453€45846844
=.065029127356
-a035567394994
-2 2265846791797
-.C76952059079
-.1200474B3022
~. 066242298474
-, 185631458548

s 016684924958
-.200874181031
=-«090316421653
-.0238C8490CEA
- 083874569761
=.079471470328
~-.152064019407
~.0R114508466669
-.232763B35738
-.090720675118
-2 126614735263
~-.23281R200082
-« 170849673123
~.07536719304326
-,055476212158
-.120530389033
-.047312532137
~.C61121632014%
=~ 1604ETIE5T46
-. 151645248020
~.097404231890
~-+131081595769
-.152£130768C0
~.046874347779
—.Q90317299233
-.176389170127
-«1396080135695

OEL INCL

+COC297242593
~« 046952657343
2023307577462
.003350932273
«072751478027
~.002358657A5C
—.0C5908117680%
—.Q02302658715
001221331751
—. 008292427493
-, 002464728303
«0C5649811307
-CC53558952 32
~.006611297012
-00£302266549
--000133502883
-.0028306219158
-0J3086015199
«005453349719
«003585037745
- 003970055325
«G05328697206
«00T7425027445
~=002974369074
-=o015637770931
~.007103537112
~—«C001361 30105
2004158255051
+Q0CC8L7935346
~.004900640220
«020914427625
« 017565234487
=.000T27931557
-« 004005040444
—.00E070599T751]
.017000877406
—«00E63B3814927
000673858196
«2072295044917
~.001760844872
052721862963
-302899453810
0035564366110
-.001040851194
=.00840549747]
« 0084204622845
—+002649252781
« 203544665016
~-.006225090126
-013454033685

BSCULATION TS JULIAN DATE  2445206G.5

DEL ™C DL A DEL E
“3.579573152110 .001147AT086A33 ,.COCH6EA13254]5
~.780919141733 L00515187370010 -.00314031249735
—.239728535778 L0005437025903%3  .00051721390%37
—.510D%790C57498 —-,00062334837219  .J007860642495Q

2353704543046
.005440192216
-.00205433724864
«235T67T1G3R30

» 253253126038
1.9275391 14164
—.4&9325111993
LOTE543351680
=-1.2%4367778620
a TI5521057516
+32316R3IT0105
1.199434926584
-4 R0129192091
031726676204
—. 116176344563
-« 284230223402
- 6723448094156
1.989317177035
~a 1653790544
1.2749931467656
-.359105935622
—-2.892852230121
« 2996565710423
«T9TT4R241342

- T6TBT0343097
«D4T1I67269367
LSTBOTTZ20L120
-1.166043073834%
«461122825698
~aD7514146T20856
+118677040369
-.2B4512011429
—a127657562414%
.T01787393014
-2.132057240979
-.04118B8568957
«4552TA3BTSHL
«OE54246720486
—.278539876726
249986067833
-1.857783135A431
~aTb5849063411
1.AB4R946T72893

-.00014436207752

«000357E9481183

-- 00025018701 742
~.000122945007364

0002185754 7622

-, 00698501£69320

.00 114732774583

—-00050R4T4L27235
—.07001713965255
-.00113%9218911%2
—. Q0125572438824

.002973928975325
.00115927657801

-.000245701954%3

200039854759292

-.00028313062988

<DI0TTIRITTO9G2

-.000798R32651 9%

.3020213173288392
200123539768335

~.00DT1&48752958
- 00083153652240
-.DGO010B19057478

-00113198533575
.00076336153152
- Q0027030724507

~.004277739T7T657
-.00120189446749
-=004298730939A7

-Q007010TOL6TGS
«00575205294707
~00213915004844
«00279764558768
-00058512310717

=L, 0010A39272564645

«00051921572928
+00302043313615

-.00050755597346

= 0001644071 7083

-.00022136125860
-.00047337356587

«00124180311973

~-000346376573100

=3.10922)j062121 -.00006163897533
2409100068864 —,00647433168899
= T16391733826 —.00049211473315

s JOC34532-£73765

~.00003843179359
«-.0N063802261523

.00005613514233

-.00035324571270

«03582012590985

—.200%7207318969
~-00035053735944

.00057943026168
.00073246632309
.00142743451751

-.0025164563R489
~-.00097011882571

-0009915£253275
- 0006363690727
- 000006438501 02
«00003036901344%

=-=00080057269A18
-.0023328460R8945

-00312835678338
+00083233923481
L00067954138274

-.000300550123A87
~.00018182426718
—.00074522083049

.00051589406810
L001B6LLITHINGTS
.00243555512533
-00142509313540

~-00328550895046
-2 00474051795792

2001671514325%6

-.00099B84RB229785

-00042842117512

=~.00123025593724
-.00043881643605
-00166144485245
-.00117361125306

«00031422911494

~--00069181480663

«00411415018956
«00010181236351
«00096109334080
«00468460692894
«004562113994135
«00203129086790

DEL ™OM

—.%79565222079
-—2.14478156583
248325456489
.38733300832
~uT331153421
—.%ST787000L0
«1514194973¢
-C9070T30806
--13235415311
2:1C055653424659
—a647T337451R8
«325225AR5549
00555147859
«56314518151
258920029935
-1.0473552T769%
=-.64341153902
-153763957468

- 22767128304
o l6T7%6219041
—o%%939432762
s 294560160&7
« 96336315685
= 3TTL24622785
+4 2601079908
235458181273
- 068722702153
-a%689T7321042
.~ 38944507830
-.167202C3302
1.289270508544
«59423722012
1.65352079950
=.31522591273
=1.97144543101
+9C9734110723
=1.3097]1125999
- 25099554214
«H%54h1498047
—«35709385958
=1.26577191794
«29042814746
~+12143037577
«12911168959

+ 20648530474
-.865227085613
«13788427330
«01917328082
2.064364222402
«22927080763
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NUM

R el - E R R R T o ]

39

42
43
VA
45
45
47
45
49
50

DEL AtneEe

3,154 20090287 ]
LOS4TS0B20TAT
2119111722688
L764061215179

-, 2350381410046

LA24T1TRAGRLT

« 1316460764111
-.D72112R11623
~.304989R21117
=1.285640%2101179
«282T3R0O222R1
Q77032995935
1.2370/9985018
~.5864091A52614
-+ 304631708292
-1.14YT74175326]
=~.4543T72843R%1
~-.D6039134723489
L1TT643TI0D2R0AT
~. 411085112187
« 5531277285061
-1.6551966A844TF0
039097588658
1. 5295004407 34
« 3695351610483
2.33INA53933036
-, 39VG54B6T 246
-, B0O15685453012
LA495586535904
~.NAS4I2R2ITIZ4
=-.517416039274
1.35RB704670933
-, 2622164394473
327124345544
~+NZTEH16R4674
« 256569042076
-« 533721579959
-,719937045178
1.971 702506675
2656329715698
~.34409£551405
-« 056254857040
L 3RAICIAZ]6246
~4, 365977739016
1.3R3553262324
«534682T860N7
~-1.28563A280795
3.0150PQ200934
-~ 26959070672 4
«553376942321

AOTD FF MIMTR PLANETS

AFL MrnE

--25313501 683785
-+ 133121551233
= 13BEP2TEGT06
-. 15780154304
- 046607473552
=« 1RTA1NES3G]D 4
-« 1297214069572
-.0BN149B02427
—. 127570145199
-+ 273291595149
-,0544841947TR5
-.140333]10A334R
~.237367290334
~s 077273998941
= 077752269535
-. 16 BOR4R 20696
-. 051327713469
-.038348120088
~. 228979233230
= 07TTOLE5RL2
~.11939N4 79435
-. 066213987195
~« 194 4BOARELTRG

- 01 4AKG506T750
= 2000314284610
~.N95197208338
-.07YR5J087982
= 04RA2TIHTRS0
-.087398095700
~. 159622909854
=, NT9NAL252565
-.23231B17928232
=«09N2308 32313
~+ 173166542088

-, 2522233582240

-. 132167348950
-.23T1RT621524
-.055728431984
-+ 125973095308
-. 060373736662
«~.075275456449
~e 162724076992
~.157868108101
~. 101057702104
-« 23529122574°
-. 158772267947
-. 112R22699597
-.109813881747
-.187%583304418
-+ 14564220°89¢6

el 1My
002255222376
-. 0473400173917
LO0250T629440
LO033951 14458
s 302832534829
001963566379
~, Q003960340578
-.0N7964N9AG39
001237637442
-~ 0035624361240
-, 001777519848
. 0026R26156251
007913854482
-,005805793140
. 0N5A090322247
-.001984n26410
-« DVU1G1 5765177
002925567148
005529406131
« 003529066686
-.D03926332132
»0053P0N5R6030
LONTEB22322606
-. 0030041946119
-, D13516R60133
-.NNIGE5572221%9
-. 0060110409066
.0N5176133433
-.00711738305%
-. 004537460799
.0135856505128
«01T7343779411
-.007923634011
-.007397281643
- D074)4564053)
015519658408
-, 0125603555696
L01639448123
 L0059r62T2599
- . 0N145A5QR3TS
-.0DNN296410924
0030239449089
2004104976823
-.(103128991538%
-. 007406006509
LON34HRN254554
«s0031322948472
003712529856
-.007075429313
«0134382%4409

nSrYLETIrN TE

nELE 3

JUL TN

ntTr

PEL A

~3,.050R 711565270 -.000522421532947

-.117791361651
-.2037e994 311
- T22430 143011
283350975452

- 261507172603
-.192335793421]
022253486080
.33723367313491
2.7464 31 694798
-.388957155474%
LJ17T 14014414
—1.1644617TTAGLG
634137312019

. 347593453254
1.061536945077
L332157130132
LO0TT8N1269360

- 082374939247
LY9TRBOS235136
-.581684813894
1.986245308527
~. 007701954452
1.4677221254486
-. 280183358337
~2.519523487776
+343839834550
+B07109790034
—.6117 70649368
173078138312
.5697135154914
-1.290855%545747 10
.543135276537
-.4012237714167
.0313557}185%
-.2701006%5696
-.50142216R858
L T44D 16633609
-2.134484591206
-.T6G7 56588507
.371962729038848
-.00354419285%
- 302945776749
»395412336350
-1.351732317376
-.695381755109
1.9898012570481
=-3,060058314702

t

LI0363753792425
SOADLAZA 23202009
L00Q00744920504
2000121793946143
-00034357NK5112
NG1707365%624689
LON10G1 45232727
L00006T0%944038
L0337 3997330651
LONNGGHGH4D7T91 ]
LTRRTORTRILNAGAS
SO AEGRLT]
L001RT09305307s
~0N0445436NBTAHD
L007262218403058
.000556405333364
LNO03YS9TOE5 38
LQ002101084941 795
L0001564638293198
0016456207929
L00046302744R8169
.001112%8006821
.001381%91358958
L000300117834384
L000546332825406
00014675152829
0001497194006
«001209398B1425
-000302510651224
-0N2855911671311
+00038716191830
L0041T926572152
L00260145890682
LB0559824912585
0013304472581 7
0302755326309
00023894154 286
LO0001156045607285
000213258111007
L0031R8642472428
+00GUB0 L0968 180
«000279156960659
.000358303782385
LOO0IRETS5047057
0083386780119
.00200372192215
-002100%2243766

A26TTIN64392 -.00578033790948
-.712372302667 ~.00028712079784

Za45603.5

NEL F

D0L12927160382
-.502714264921007
LIMITRAAG14T)33
L00072145811704
L30733229442203
-.000599%7560022
-.00197253453977
=00 nTe3557347
- AGIH2A233534F &
LI06E5930310811
. ADIBTLS4621845
-.2001673%9563720
SO0ILN0TAER2344
»J3I05L2I6RTBAG2
L0023962155514631

-, 00448522392259

-.003743E92R5DL4
LM0DEST20HF 0294
L000646190161702
L0NJ04TS0228542
.N0028262397108

-.00112715425612

-.30204307757902

0031150592E30D
<N03T506432356 T
L0521 7T206772

-.00J34827 706867

—. Q0048691676146

-. 0006603016061 4

+00050527205516

. 0018095325313
.00210299507777
+00141658320547

~.00239851318169"

~.J048T858564706
.00183655398503
.00032004638705
L00915551106228
-« COID0BE20L64D6
-.00082917430258
-.00177613487357
-.001005647746%9
0004446117051 3
-.0007658C%8C4T6

-003749499258928

L00026747870369
«G0023473354147
«O00546792246005
. Q0480730170269
.00218500491859

DeL mOM™

.2185033%4980
~1,51540590516
— 4655490727351
-. 004624615987
-.0865%T3607735
-.19945314843
~1.031069R0967
-.B0T04307829
-.053]1593038]
1.14031149049
~-.28073525971
L1762517356%

- 166561568473
.9251761 6308

L 20862355951
-2.63827515526
-.313247a7307
W 22394175627
-.127055833308
-.0855300715%
-.09466T46252
.1 5B675505556
~.53025086231
«421R7T5228636
~. 17884973632
—.251570597127
-.09253172379
-.06205198968
~. 561686580983
18717870008
L87232231710

. 12134410755
1.60787256515
=1.168567479613
~1.90517545612
SESE021TT23
«13105308508
10226047575
~046822712377
00121775545
-1.335233762117
-.03432530659
-.20617955615
-.22334185889
«Bless091556
-.43B0B412028
-.T5372407126
65370679993
1.82408819579
«13375346359
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LMSC-D420943

Appendix E ‘
PERTURBATIONS IN RECTANGULAR COORDINATES AT FUTURE DATES -

Appendix E contains the perturbed equatorial rectangulér coordinates and the
perturbatioris in these rectangular coordinates for the first 50 minor planets at -
succeésive 400—day dates from 1973 November 14 (244 2000.5) through 1983 ‘
September 23 (244 5600.6). The date of the perturbations themselves is contained
in the column heading, while the date of osculation is contained in the page heading..

Orhital elements at the date of osculation are contained in Appendix B.

Note that the perturbations are listed in terms of the 10th decimal of an astronomical

unit. -

These pages illustrate the variations between individual minor planets of the

perturbations over 400-day intervals.

LOCKHEED MISSILES & SPACE COMPANY. INC.
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OSUP TF MINND PLAMETS

X,¥,1 LPIRNINATES AT JULIAN DATE

LATTLGL754A52T769
-,531181337821960
C4O4R24143179542
-2.0R7A292% 1 3RGEL3
1.87R629697259321
-1.060372512122874
1.92R7703944690822
-.B83201946338728026
~1.381572&22407269
2.B038T2455631478
. M523 785080798285
=2.45T074768 TR4LTY
1.ROGAAEZ243TI6LSE
?2.07750464144 057937
=1.714930356425785
-. 63041 8698209025
1. 7R0781614503792
-1.2041937818724169
-.BIAIAS242 324483
-2.208¢NA3324229736
1.T9R655373271636
-2.6B47365RL721850
-.9987 15810442822
2.120816A01 1706344
1.17187040554129]
-2,357947017352089
-2,076104214567021
-« 5TT4R5857520086
+.B9546219302%885
~1.298645663529520
~2.112206154126%97
~.008423T97389954
=3,7720TL 4150 3104560
-2.375372902201661

-1.425102161986395

1.8586193456535843
-2.6567539232012754
-.614838508231397
2. 04612345420148E7
2.155894756869429
2. 6056T3TT 657643
=2.79573195726%529
-.224597285432267
=2.221970719840201
-1.691307743950404
.083601TC9806162
-.B11529741634817
2.250536470129916
-3,.248897339336764
1.529114684792852

-2.571562388585278
-3,03B286057T101516
-2.935135754911318
.I5586R56407T4RL6T
1-637763755535255
2.03R9R16233895%99
-.£599591A3208654
-2.18710116791534%
-2,1395900B6624593
-1.394340073287424
-1.849701755673841
1.231890542106359
-1.475997207735109
.B8396R0124334795
1.902548970172408
-2.R06697136068091
~1.259256672138730
-2.241165580674475
-2.371849720603578
.022957256048754
-.835353832381436
~1.643965313314399
-2.44555326 1990667
2.147538177422675
2.246327269079130
LG567008RIN2B145
-1.397R62669949753
2.179646784891002
-2.197477745214011
-2,055696455685322
.634780816311068
-2.360778496781464
-.221688158331210
.392557758520456
2.04904 7616819374
-1.17531115RDA1058
-1.525435750706478
2.026239171091262
-.206003723632959
.020069556142127
2.331284708750431
-.020952159976772
2.355067059932530
-.5674303503221353
-1.7854629715€1266
-1.896462666191503
-2.233282157278936
1.839564233805334
1.005939255648407
-1.334225235898352

ASCULAT ION 7S

2642000.5

—1.316E3071L3T762731
. £39386250252360
-.58040137¢6154327
LE54053515286124

L 45685T935493655
.631573267273628
-, 07519G62A5T4640
-, 767156012+392091
-, F6556Q12356640376
-, 436439104051 740
-, TEHO0KZ 205458134
. 063049668553548
~1.5139168800£A4138
-.1312347807247 14
L ELAZ6ATH1T49051]
-1.045721175273080
- AL535T4L43 B66BY4
- 475145573290149
~.9782587264276R2
-,0D03730237571375
- bTT045TTTA264109
~-.23004251172640%
-1, 08250437032%530
“9%06552TRORS309

« 4615695802399549
L581T15657T502357
~.5720A817953499509
+67B536474064533
-1.2316B83529931146
~.GB83NT864408TES
1.43339360053225%
~.B33179619853123
-.0843328992721282
.1064636391026420
1.230190613025674
~-1.039798810516800
- 7410742232683141
.935T7418%6272791

- 22R047136762442
-.165556683577983
. 292037168861471

« 25 8450655527296
.9847671925308843
-.142366052517713
-, 4660N1664962839
~,7322344T48R1626
~1.20410030439T414
+5769711383976410
+269912134750703
-.511516199665994

JUL TAN DATF

2441£00.5

PEITUFRATIDLS T

564213
29102486
7490620
-20467531
-5129773
~3822658
1835E146
2919719
1994125
22975828
4584535
-254%727
11223098
~51A96313
-2485754
4054215
5635207
2511404
3175420
-3749278
6BT6L051
1564437
2617768
-6937042
-2254245
-2196828
-1366140
-23204759
62R2621
2265837
-2555152
3506478
-190621
=3296358
-2442485
15538781
266947
-3494458
19611104
15056224
-4565776
-180769%
-3503270
=3437691
615985
5573017
2984256
-8820998
-2144810
9644663

2713749
4165432
3217127
56454293
-4831310
~-2732380
-17527208
3922511
344% 335
-2B273515
3541574
5214551
-56991066
=-125597341
3040253
42BA0%1
-223345
3974431
395084357
4601766
~3107194
3738448
1599740
-70¢ 732
-3374656
5536932
2154269
1521370
1633716
1532245
4204071
4021377
43656772
5210309
5922955
=12604436
3247921
B&2533
-22401972
-14781937
=-1014%20
4275849
354940
3754891
3214279
2572943
4063560
~3856948
4731427
~3353046

10-TH DEC

&57505
~251018
-108692¢4
253£205
~14G1160
202345
-T7315098
1229191
1235487
-126942A5
964359
2138182
-R05774&
=3062340
10272379
1541091
-651673
1134642
17260461
1970219
-15152133
1142664
1086589
-307163
-2143350
247113
1209143
1087168
1510000
1682809
2317827
1741100
1876820
2147686
2486407
1112567
13192698
~44918
=12371595
7066115
-G6780
184B&4T
-9507
1724329
1323097
790237
1974844
-1922185
2027979
~-2028346

(¥
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7 NUM
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quatL
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GROUP DF MINOR PLANETS

Xe¥sZ COORDINATES AT JULTAN DATE

2.0 399795063520
2.6830138209690289
2.020535274139004
«1342323769333%09
—2.097777492 30U0340¢
—2.7415304082469533
~l.£406054423202551)
1,779034042141323
2.0678194605934244%
2. 7965310256493]15
1.434]190675597151
-+ 10043322576 1H24
l.528318178583208
- 182956605254 T767

=2.811552721F57088

2.469967239484188
1.47572383589040)
1.738349308971976
2.108281336334130
»112323356657388
~.263993300444118
+280594£19435426
2.174414953222552
=1.7T19102067076108
~2.016468336563265
~.461242065859460
1.177974511056782
=2.2611121656831253
2.096270768600756
2.076891124983959
-2.603180252630565%
2.TTHRESLS5421TT425
-1.26218397286378)
~+0979238972472717
~1.460619263142611
-.612695245000780
«59759€6350004540
—2.416461050268452
-« 224493703775067
-1.132988066457109
- 4643199864223910
«4B8€458355048928
-1.98654B225970618¢6
«807866206831234
2.227984303307352
.089941757381216

 2.550909587187519

~1.527072097806659
~3.173968796035680

-.623871737736657

«13%H225154063865 |

—2.299T52003591459¢
«5549531270510H4%14
=1l.999550194515585
«356065105626A40
~e P64 346289400533
LeS2E9793€44G8443
«STT48302357T837
=1.090795527707130
1.750049575274635
1.491573770386238
=1.785%€T8501952573
1.515685291473147
2+263449952006781
-.8B1930524766663
-.653781262530483)
2.240328967493649
«450824696373139
~.1262903372461212
-2.53267T041R931545
2.3724990183G087 ]
-2.7038782274092¢3
- 1.934705435248752
1.9861550929454694
2.201681800245817

-2.158358541026178

-2.209249898130¢€5

—1.4470726838340425 .

«3954702393670625
-.502230429005259
~1.961037649191570
-.194219075997362
=2 183407350264957
~2.,668005470411334
~1.578214695275101
1.569328035664356
-~2.632570754172534
=-1.112635780138632
2.636074060034758
1.8l54471iv146839
2.948591351384309
-1.£94376194180983
-+56492580583925355
-2.4T3751515699291
~1.4153759570429563
2.0091396610803823
= 17182930545L062

2+438318489021142

~1.817136524893272

2.228709269376267

DECULATIGK IS JULTAM DATE

2442400.5

~.5201T4246277168
W27313771€033808
0244477760753 76
~.B815574378A8%377
-253491051R99291
«20692450510506040
WG e UBLIETRLTOLAS
LDalT6l7a738561

- T26178331212257
-995359181 495004
«6)161B3259154757
-6 1608440761018
-513901193510192
1034569051 334143
-1.077678641176810
-.3181025927353258
993EIBHOOLESOHL
-.039868024893746
-.01B484227108309
~1l.06495111800143%2
L+057235579012563
-1.570940217984507
-1.407150205984451
«F01920164360760
-e222110911494297
=1.027432709572636
-.987924713753358
—alB427H2041CB986
SS5T9193656621131
-.165128389704261
-1.181999333466999)
-11369627L4685248
~1.02644160564T314
-.B58447550475297
~.9BE935859951699
1.40679407T35A4301
=1.317127017114E15
«851233847639932
~56T2T40134130£0
B6TTI69964364713
- 395606961566298
~eB441E1925946544
~«364923938534822
~.9615172494a58191
-.599204136 149620
«TTT113449285622
~.1086245532861735
«729349145555055
-1.0078594237054469
«8430B2376415854%

1

2442000.5

PERTURSATIONS IN

32528131

380213495
255671035
-1927248
=3623373
-5905782
-le51819
13348944

3749702

9961936
20183455
—2514979
22281453
-51180&5

-4645507 .

10439535
794903
6458909
8725901

-1069493

-1365866
-895030
4854259

-4459401

-42407175

-2551207

395252

-5219478

33293959
5050997

-3147673

20562174

-3050139

-1554990

-5025552
3949800
-415648

-5063193

-4185523

-3347613

-5126765

-1210848

-6058677
-247647
2975843

18334157

11671291

-4380640

-4179132
2248741

-6898075
Tl91011
-2335914
2128303
40398
2175915
-8910227
~5558C2
4378130
-21211741
-5534395
1742961
~14217924
-64t7738
2223793
3402112
-981184b
1389644
1481958
3293639
-7740334
4305251
5261928
319075
1078004
2043175
4842679
178397)
-9472676

-~ 3075239 -

22735456
-1972469
2725162
2925778
1585558
-6290967
44668906
1957268
-87€4767
7630193
-1670131
3305884
2483684
4298186

4859312
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552364

1283225
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-.Bl0B35328592230
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»34928516198289¢&
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=l &0T7297362227676
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~+68B86694437045565
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«5056479744960139
=.909092866800115
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«314850063048830
~«3573621778388%4
~2106142523057738
-811183783323294
«044191239309878
«073563742092674
-525359701727020
=433729304108120
1.43£29493190535]
~a256662726298378
~1.439308983027743
=112391508213501

15 JULLAN DATE

2442430.5

PERTURBATIONS [N

4173220
13450467
3304605
4546931
—4631507
~4498149
-63023z28
2989821
24348951

662281
-923309
7616472
L1007¢€0
-5819696
-4 743797
26141655
~1335683
240G375¢
6138126
1914965
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~6T45413
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2816359
2876427
206559
4954225
L2474
699180
-3716196
2092424
18959431
2108595
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-3474801
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-3547784%
-2151%99
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18124259
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9747816
-1845566
11973248
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- 120002029450637
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1.0037856402326690°
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1. 764393477143422
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1.6603R46T28T1 752
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=~2.055008827134145
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-2.329383501001345
-B&25615048131046
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-1.099230919%6%235
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»503642555084941
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~1.654R9288BB64810
~. B49BT5T49291542
1.041812387534108
~«431762195R08071
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3931842
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19157588
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5672712
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-4524290
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—2274992
~960116
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~13348085
-2351422
-1212872
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-3041755
7013118
~1286671
-1196338
-2181741
-2375845
-415997
-683777
-1162279
=1455454
-1754117
98344 74
4967553
-185739¢%6
1651760
-2396417
-2444748
23734
-1793669
~1105692
B3l1aTé
933757
-24134¢€3
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~2050059
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-1485593
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1.91940 4650377967
1.146722890916318

=1.01540%681 89A245
=2.5696380311846241
1.02176215074NR39
-.164T6TN2T43S145

-1.61R275576519258

LTS5 7551331337698
2+036572735861191

-1.97°6 7873737625

-1.562614137224770
2.40063726434469860
2.3715331391321¢48

-2.56B422987924620
- 272790T31LLT77S
2.231015R544T 1064

~2.493404573133105
1. 23R088234893792

CHORZELRETEORSGDL

=1.7261 798594991417
2.724797957493345%

~2.723135823520906
-.20B210437684157

~2.134571290953474

«256160084133073

.B63515453900223

-2.563T139498B9449

S64435TN18TTL42D

~1.95262201614R979

.218899660871917
1. 964646 T183769765
2.0%5331 0665098039
2.35314700429T668
1.930609143994912
~.527685402291180
1.52084 4472445972
2.317420660230340

~3,2902896520%52650
-~ 872965712938758

-.5534495614357353
-2.75726205380%5556
L627331213617206
-.DAT1IOR2Q024%R65
- 61969832 7490083
—2.333735731812368
~.4364175029031 19
+666208051136T18
1.355295743R56198
~1.646924169955206
2.4155824614739372
.B847550141545995
1.8351497493701370
1.86711151R568116
-1.1075545980537 74
=2 .452696519AT70400
2.6l 2666918763657
1.683414841212240
1.826A86971733510
-1.580133333942278
1.734958703940276
-2.539587242616835
~1.5664679346360146
1.965953620627040
L164657630207629
-2.132756008487253
«2076644B4950143
-.550128989071250
1.757647279214076
1.931793248689202
-93439123951269%6
<549138316751927
-1.616756084408998
~Z2.632830563707032
1.212257666706620
1.4942923401482341
~2.53908451R32198%
-.613519256528518
2.6490049267188624
-1.26414506R446673
3.145NG9907RT1B573
.423837640928937
~.149114121296458
-1.151699032283725
-1.639209214662403
24351551756944023
-1.727309758541615
1.748453945796892
.9364351 79905254
2.223313565592719

ASCULAT ION [5 JULTAM DAYE

2444700.5

-.B37432452625649
« 399%56363653R08%
. 0369790185551 2

~. 3435420801 706525

. 10414977£4535960

. 255134452470276

~. 48345740521835061
LG8863312G24646252
~ 433303948 R71074

~a 565405827 295442
«9500931553252956
-5309850285428B09

1. 07268394994,599

1.0096355539635103

-1.174280135046158

—.95914241 4846376
+9TRG6TD246T759891
«5B8572€04R933328

-T7542352746906015°

-« 652855T1L5764918
«90T146546807560
~1.04375R8046121062
~1,.311418530294240
-B57408325812971
=« 529184012215616

~1.04R852231080R231

«02242B%T5066309
0925675844041 76
1.004862432762941 4

. BBRBT9601 736981

1.61846520654£290
.370305616421465
- T5025813337T5603
~eB5456B726945146
« 105436940199029
1.347593230709116
~1,2723A43336732098
- 615492646 186013
«5683135279316610
-, 382832302444742
«Gl6921379740055
-, 130E7C43563565170
LOTLIS 5942396466
~-.568775358976570
—e672C67141635477
« 9084100970276 03

-.94426175449]1837 .

« 555624642034243847
«235762410170365
«842550246995653

24434500.5

PESTUR BATINM & IN

3075476
24538709
1547212
1764387
-138 76047
807072
4583489
~H384504
1382593
2980506
-41BR2S6
4594478
-14289061
-56123956
1410437
2632101
~-46685907
-37T10649
146863
2903201
-10718089
4B51309
2870462
-497520
1380196
5620901
3631933
=12291243
-360408
-1326322
~5641766
24464065
6494158
4454392
-21342362
-&51T17
2612947
-73697732
-2095540
. 471129
5655494
4550850
3507606
3165553
2688521
-3582185
2595705
232373
=-10374396
=3224249

=4713403 -

-3952135
-4640073
-43300¢5
12742836
1841451
10641612
5R28778
-3002665
-4¢09261
- 2394476
~3654676
-3754665
-1697718
3683816
-3969493
-35263178
-1722405
~2750524
-486B627
8867163

295539
-463%292
-4220373
9609855
2249788
-4374765
15566243
-3187417

-301E415 -

152C197
-3R43196
B565417

784333 °

22053407
=2723693

~3RQG95T.

13457145
-385367%

400101
~4560530
—43D4R44
-3581194
-49593983
-4D83157
=3473480
~385T7415%
-3843392
27644112
=-3312616

10-1Tw DEC

-2267311 -
-2157631;
~1804681
- 2180568
6159584
~652906
4911853
2874253,
~1356432°
~2118254 "
-674567
~1029662
~1274571
~181493"
3559925
-17£8810
~868503
327921
-12168981 .
-2133528
31946537
-195290
~2300819
-1854009.
12043877
821222,
- 1985233
8034602
~ 1465455
~1422400.
-1622790.
~165678%"
381689
12R457
65097403
-1580839
~16704131

5559557 .

~1120622
3313775
56669
-2403) 46
-1359792
=-2224430
~1807118
-1311730
-1745305
~1735608
12328328
~1170%38

e¥60EFU-DSIN'T
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RRTUD TF MINAR PLANETS

X2 ¥,2 FCPRDINATES AT JIILTAN DATE

1.300668595021282
2,926012775214561
~2.285231151 769R00N
—.016505374234429
«BBTHI1IRBTT29R4T
1.911812398757035
- 247397742 354R06
-.TN831 74545972831
-2.34140850030356R6
2.970264%541163939
-2.58483136 1011086
=1.2627456203P0749
~7+359403420834030
-1. 054106351 356715
L42R005296522614
2.2330251916692%5%
-2.34405A86R951 3147
-2.299841281103312
~2.707699394797301]
»7812535622757099
-2.06790053065] 395
1.BL4&S4£606571 089
2.0605201642T1R62
~1.435340737206430
1.267043643601880
2.750118274826175
-1.B16797045195597
09ELT5T55961415
-2.476329310810510
-2, 67B5TCRTISSIANI]
~2.761N91057767835
-.341226631R5T706
1.345611937702507
2.B1472022N92315745
-.374711354405005%
-3, 1B0A13B4R66A926
2.1R7652106P55424
« D4 E009676662410
=2.770%248446024283
1.86511 306AB96669
~2.146965436231071
~.991222512592724
-a42646716550568R
«41T46T041365%01
2. 29497 0153065775
~2.9545513I09722845
1.977277069157232
~1.442101427107751
-3.139310672587570
=3.371302911219345

2.2707R%447930594
«2923%932N0624095
1.1222533501 85632
2.3801R7%212340237
—2.65A208262168795
—« 2712997324 73763
-2.5057319a873]1079
~2.,20R2644851680713
2256314224633 244
1.4945%6986440549933
—«330AFIBRTHI4604
2.45423PIRLIANE66HD
~.0138K5440N29726
~1.,9511113911264462
=2.41A015473775142
1.1575725965834AT7
=« 20133005318P297
=1.528689706753500
24R1TL036330917
1.R0174782R]40]127
~1.387041605524343
~1.840059904312312
1.382081585261105
2.1750349538496712
=1.265392116R09551
«.058939132562712

« G401 61236480656
=2.990534931467323
6561 T10B9891362
-«191P546001176R3
-1.738615075717n92
2.4456T0013°43347]
-1.275438B12N690559
-.B94N8290328224K3
~2.1%3056500231920
20292725688685644
«G56R02791733238
-2.82414292212851¢6
1.11809473749209%
~«970959702022503
«066284096786626
2.6216850563B87990
2.345R1 7727390937
1.935758513152244
1.790381938205213}
«01221542760783%4
1.788456622273586
2.475670073929621
-1.87169328664%432
-D791T7635767517T9

ISCILATIAN 'R JULTAM DATE

2%446400.5

«A171015259334q97
=.26573161153549]
« 3072659844 DB4658
«152623097310447
“.9BATTTROTS00900
=« 3930073550158 34A7
=1.0602675°G70R0G9
-- 79075966 7441848
«362910250251055

« BBBTO0Z20164R82004
«NET22550098739 L

- 563139633734 14°

« 557544170571 729
—« 6894735569284 39
=-1.201055926479599
«3715i91659953927T
«1254457211338935
-« 1900381390777793
-053029385644552
«T6259351 91464065
~. 4961529486T2606
=1.483221431927¢12
0 3347397CTTLa2298
298 38142T0T7564667

« 1479875 R 450752
~« 10644THTAT22450
«453440585854R23
—~« 854120076312258
«35226R410225864
~. 1668761006371 21
=+ B3T503204514980
«BA3IIATT29198723
-.611035003990594
- 270441176225669
—1.315702237073547
~.006234940016679
«313307971350207
~la 40341 7634607628
wRTTO83042446264
-.565911632984538
«N24362601102549
1.246322R71599147
«973931636582969

» T212534560448072
«42551R847 122031

. 010542735307828
«956222632141472

« 741370448851423
~1.030493398798257
.05002191058621%

2%44000.5

FERTURRATIOMS IN

2282099
4719253
-2065439
27EAG0
3115505
3949690
38RTTITG
1395778
-4774833
31843985
~24629909
=1531470
-T066605
=144768074
3682239
4996453
=20306062
13616504
-1210556286
2982437
-17007929
38348072
4248104
-1540789
2213233
47114607
~5490842
31543350
~T26400%
~1Sl 660867
-4935316
-67F11
2942469
4510258
~A7TANNS]
-15R74794
5383964
3495436
-12022286
2631514
-1298R2113¢
=1069756
-397592
1988419
3762107
259306139
3696543
=-1509109
27130237
-298199381

-2931508

—2769565
6842337
~3€123¢%4

2614457

=1R53753

3816506

7155931
~i7955146
-2732978

B84R142
-52697131

7296
3762225
S1EMY T 14
=22371244

56131099
10877599

2425495
-1788100
1333690
=-1%18350
-2287438
-5616516

7339365
=2535944
5434748

3849760
~1080565%53

4R45923
10640581
-4610463

1405692
-2619185

7289741

7240852
-2537057

2651327
-1285842

442614
176397
~4942425
-4223942
~2290435
-2292851

9BR4 600
~-205184%
-5694133
12102555
14695421

10-TH DEC

-109¢461
~1502441
-574507
~1406" 98
697995
~1098293
2054966
2299080
~-1016538
~1314597%
4667429
- 1942534
-1465715
2342008
1447790
-11082813
3327906
$251061
1585122
-848082
56938710
~5R5073
-1149283
-24896175
1472063
-12022561
-2332918
723667
-1021360
2400214
6721138
-1936044
672084
~1225926
3640105
1062592
-1199328
1748583
1400297
70511
2938564
-1955267
-1992422
-1000045
-1117484
S6Ta458
-333089
-1765308
6853185
8344906

e¥602¥d-OSIN'T
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GRTUP OF MINOR PLANETS

Xy¥el CCORDINATES AT JULIAN DATE

-2.27826831T655157
-.T3IBTL31745C3526
—2.423433273341463
-2.157744723111788%
2.90:4L1E271597%5
-1.4T05351550%15660
1.63811791T6093416
1.714133691330149
- 4037145729 24244
LdITILBERTEG458
JBT482T74303733469
—2.221536264056242
-.17327033046015312
2.548336270196355
1.739488613046345
~1.46472246831B2256
1.454281427009553
1.332167168538019
~.725133349319779
~=2.274372329124424
1.915619119541041
2.09793R895517808
—2.0575AT272499145
-2.539242481338)38
«4993048051 36483
.557148582528259
-.903071124580C7429
2.842(9015T7260657
-.933825208168365
.121693008754488
-.339€1165146060701
-2.130PT8124R541TY
—.0452658136433920
1.244089696242958
1,136288R80676628
-2.20129213527085492
~1a9449RAL4BZ20539]
2.7T05225641656185
-2.065539498999567
~,113432184%£92187
1.754007047567178
-2.112255922268798
~1.925745203442162
—2.0%4162109186954
-l.ITB4E3CE53STS8E
-.458058715927228
~1.4354880266036563
~3.,092054418147427
-~ 3477758727617 74
~1.8318046942275179

«T40R459273RG34]
1.957727026547040
-2.233654147900331
-.579256T7204671CT
-.1563414T8364682
1.R659904674430832
«639R233813003364

- 72641 T40E56490477
-2,4020900444479101
3.0G55195784006179
-1.RG26014144062004
-.6188879104061222
-2.25151308322)1582
~1.0B4543721100566
.876580753278172
2,.413940616139328
=1.5305927871976417
-1.3£182831B4348621
-2.3G3A40311572%09
-.b58441361090229
~+60B8438510568014
1.3519826280R8055
«2107756582228389
=1.329476234334251
2.690677728262472
2.548523522%341482
-2.366961907600583
-1.133621096267710
-2.23597411333980Q7
~2.,259588804853578
-~2.7C1BT2702417177
~.819957060765926
2.5316751907152239
2.217190180099934

T ~1.0£33591680384282

-2,0711161905358181
1.322105817206618
-1.122277334434180

~2.146226322930338,

2.0727135987423065
~1.85685177802204632
-.161113005954587
-.650284226568591
-1.138010948911287
2.4203069%75104854
~2.254R15%82851365
2.583106637057610
-.4665520092818175
=3,10586486T4169T64
~2.349T11163760560

0SCULATION

24480045

.818264453174771
~.3277073/705R130

~.323220319392547

LO052R802436%2233

-.2334393591074 131

L663353139591769
«43TOLETH095TL 34
.105878273834A042
=-1.10466315%3140322
1.413613R5AB63424
- 7T391Q0244521300
-, 491 TA32713423937
—1.572261b6647460T3
-.3334638231124364
LBLB4003T54T53T5

W 955276935261421

- bR 45AIRTAHEFALSD
-.4T7T828002363087
-, 38%]138516072479
-+ 307153673826562
~.381200325117235
.324359649991841
+491536103026988
-, 5716506715400 040
+358113L31035569
1.212541247783683
- .993425699 376242
- 602717131280475
-1.273345092350809
~1.0236592600020128
~2.710752519458197
- %293511932392%98
1.153462780018808
«T2746LR021925920
—.597623353840238
-1.88T7651429£38R92
HT4212750611119

- 22RB2955108B81257
-.381573029568385
+865889393440008
-.261120614844097

»381215317481487

-.404097863822248
~.327519120175321
- +B56263342936458
-.8846843477919381
1.390805512644402

—.235336760280997

-1.430000555642687%
-.873486193968127

[S JULTAN DATE

2644646400.5

PEQTUTAATIONS IN

13673720
2642404
~28892352%
-4407440
L425u43
1995186t
35405¢A
2264247
-95166131
3610804
-1103R66
-13704347
-TU36820
1565986
45G5T44
2312432
-2667422
-453263
-12134351
—3118628
-11958535
5207282

. 20972140
-20717117
3173740
3762720
~-15060261
" 3699229
-146970538
4518567
917660
-7794205
3002424
47153069
3i62166

. —16813963

1899115
3644483
~-35904991
3418322
-2500444
—-8608399
=-7358453
-6030634
2549095
-10280478
2420621
-174906213
329778
-19915749

—4290758

-783373
3370702
-3177621
324582
-1805526
166926
1415168
“Yat66R4
~1526744
BO1T143
-5103838
5331896
2645337
3elld6

~2649652°
7391367

8329251
6192609
-3196479
6684387
293986

-3715148"

=4253936

273743,

-433394
2746260
10849995
2971437
7093256
4462420
-3873448

270411,

204052
1265460
11r11039
~3018526
1019429
2949529
511250
6039144
-5578434
-3623330
-26605T1

~2752358

T808R48
-2919794
-T419576

7931806
137895313

10-TH DEC

2357546
-71526 -

2063664

~1763€54

-21437
433191

339208

LRLELA

1692815

-A64690

2934564
-368832

1849573

C 1208177

416636

-1070225 |

2AHBSRES
2153009

IallBa2

~1165777 .
3024879 .
107724

-2250878 ¢

-1223399
~183061
-280852 -

478033
202739
1979895
3790624
4721650
-827543.
63893
-R3683"
721967
G4TARZTI
-1529163
399254
1593559
120953
1128028,

-3456187

-1113721
-345B04
-950R7T6E
3782072

~1519055

T=1175260:

4L0B71Y
6554007

S¥602¥I-OSI'T
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GRCUP NF MINOR PLANETS

Xe¥+l CODRDINATES AT JULIAN DATE

~sFJE1RTAGTI4GF 30
=-1.82930&465307252
«53758530821890921
1. 7T10507243045562
-.£5%%35Q00180%260
-2.6087973537465824
=-2+432734304737357
=-2,243995263115220
2.2117563313C4738
=2.75Q71%274699225%
1.45560554402456938
L.8914155147173279
2.605R08354923224
2.07TE17286373S788
—2.225006951933742
-2.231420940454531F4
1.7426266143342377
-.834567504048512
2.120615215048975
«751134£689)1865
-« 273I65ICI58THB4E
~1.7403494185289123
~.2523320543CR190
=95F234328 7332621
~2.405093474831616
~2.4757437443CTT1T
2.2127962657T1402
1.4309237602124%1
2.35804523T77%1174
1.697517450272592
2.332T1233280456323
1.54%1361R13Q18718
=-3.167360€31T557%96
-2.330775401800992
3.,1235976269501482
+972927233068514
—-2.15717150009%0283
«T24161791091845
1.673343336344395
-2.196700520363390
3.19035%183356910Q
«6%4300526164405
2.067515319755326
1.2100TAQ1250122]
=2.245101C00357286
1.5248938T445836120
—-31,119792364948552
-.657T21RT74566274
2.42455T79368455876
1.770451368360256

-~2.4413865614013993
=2.032344737617156
-2.9%1898364811003
-1,279597Q987 736871
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Appendix F
LIST OF COMPUTER PROGRAMS

The following list of 119 compﬁter programs de\.;eloped for this study is divided into
two categories: main programs and subroutines. All but three of the 32 main pro-
grains are new developments. Fifty-five of the 87 subroutines are new developments;
the remaining 32 are modified subroutines taken from previously existing computer
programs. A few subroutines have both single and double precision versions, and
sometimes both are used. Any skipped numbers appearing in the sequence of com- -
puter programs is simply the result of omitting programs when they become obsolete

in the development cycle.

MAIN PROGRAMS

CIN1 List Obhservations on Cincinnati Tape
CIN3 Reduce Observations on Cards and Cincinnati Tape
CIN4 Copy Cincinnati Observation Tape -

(Needed because of the frequent parity errors that occurred during
the reading of the original tape.)

CIN5 - Last Accurate Observation Each Minor Planet
CING Copy Cincinnafi Tape with Long Blocks

CINT Cincinnati Observation Tape to Binary Form
JPL1 Transliate JPL Ephemeris Tape

(Translates the JPL tape written with a UNIVAC to the CDC 6400 form.)

JPL2 Prepare Working Tape from JPL Ephermeris Tape

(Prepares from the translated JPL ephemeris tape a working tape
containing only the necessary data and covering only the specified
interval of time.) '

JPL8 Prepare Tape of Planetary Coordinates for 400-Day Integrations
LECPY List, Punch or Tape BCD Cards
F-1
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NMP1

NMP3

NMP4

NMPE

NMPY7

NMPS

NMP9

NMP12

NMP13

NMP15

NMP16

NMP17

NMP18

LMSC-D420943

Status of Numbered Minor Planet Ephemerides

(The program computes the estimated ephemeris uncertainties for all
of the numbered minor planets, and provides the listings of the results.
It uses data from tapes prepared by other main programs of the NMP
series.)

Prepare Tape of Data from Opposition Ephemerides
Prepare Tape of Numbered Minor Planet Names and Synonyms
Consolidate Numbered Minor Planet Tapes

Prepare Multi-Record Tape of Orbit Data
{Data selected by groups of 200 minor planets;
costly large storage is avoided in this way.)

Prepare Tape of Orbit Information

Distribution of Ephemeris Uncertainties

{(Computes and lists several statistics relating to the orbital
elements and the ephemeris uncertainties.)

Integrate Coordinates of One Minor Planet

(Numeriecal integration of the rectangular coordinates with
perturbations by specified major planets included. Any
number of minor planets can be integrated in succession.)
Integrate Elliptic Motion

(The same as NMP12, but without perturbations by the major
planets. Used in the development of NMP12, and to study the
maximum size of step interval.)

Residuals for Minor Planets

{Computes the residuals of observed right ascensions and declinations.
Rectangular coordinates of the minor planets are taken from a tape
prepared during a numerical integration. Reduced observed positions
are taken from another tape.)

Prepare Tape of Numbered Minor Planet Elements
(Consolidates elements and other data from earlier tapes.)

Consolidate Numbered Minor Planet Basic Data

{(Forms the basgic tape for initializing the new system.)

Prepare Tape of Ephemeris Positions Near Standard Date

LOCKHEED MISSILES & SPACE COMPANY. INC.



NMP2g

‘NMP22

NMP23

NMP24

NMP25

NMP2§

SUNO1.

SUN21

SUN30

PRNTA

SUB09

SUB42

LMSC-D420943

Prepare Elements Tape for Integrations
Integrate Elliptic Motion for Group of Minor Planets
(Used to prove the accuracy of the procedures and processes of

NMP23. Elliptic motion permits essentially exact checks.)

Integrate Perturbed Motion for Group of Minor Planets

. (This is NMP22 with perturbed accelerations.)

‘Improve Elements from Nearby Ephemeris Positions

(Provides provisional improvement of initial elements during
initialization of new system. Intended for use only when more .
accurate and expensive procedures are not justified.)

Improve Elements from Recent Observed Positions

(Provides provisional improvement of initial elements during

initialization of the new system. Intended for use when expensive
numerical integrations are not justified.)

Integrate Perturbed Motion of Group from any Epoch

(The Epoch must be the same for all members of the group, but
it need not bc a 400-day date.) '

Check and Tape Solar Coordinates

(Basic program to provide solar coordinates in coded form.)

Solar Coordinates to Blocked Tape

(Basic program to provide solar coordinates in binary form
and ready to be interpolated for the date of an observation.)

List Solar Coordinates from Tape in SUNO1 Form

SUBROUTINES

General Page Handling Routine

(This subroutine is used in all main programs. & is machine
dependent, and may be installation dependent. It prints page
headings, column headings, page numbers; dates each page;
prints elapsed times on each page; limits the number of lines
on each page; provides vertical spacing where needed. Several
entries provide for various other features, including automatic
input of the headings and control parameters.)

Solve Kepler's Equation

Calendar Date to Julian Date

F-3
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SUB43 Ohbservatory Topocentric Constants
SUB46 Matrix for Rotating About N Axes
SUB86 Mean Obliquity of the Ecliptic
SUB100 Check Arithmetic Unit

(Used at each step of the numerical integration to ensure the
continued accuracy of the arithmetic unit.)

SB217 Julian Date to 3Q
SB138 Space Coordinates in Elliptic Orbit
SB155 4-Point Lagrange Interpolation of Q Quantities

(Required in the interpolation of the solar coordinates.)

SB191 Space Coordinates and Velocities in Elliptic Orbit
SB236 Apply Constant Term of Stellar Aberration

SB245 Extended Gregorian Calendar Date to Julian Date
8B253 Ecliptic Angles to Equatorial PQR Matrix

SB282 Perturbed Two-Body Space Accelerations for One Point

(Fhe principal subroutine for the computation of the accelerations
in the rectangular coordinates as required in the numerical inte-
grations.)

SB332 Convert Alphanumeric Array to Floating Point Number

(Provides for the printing of input data in its original form
and for its conversic» to binary numbers.)

5B339 Logical Sum of N Words

SB380 Mean Obliquity from Julian Date

SB381 Greenwich Mean Sidereal Time from Julian Date

SB384 Precession Matrix from Reference Equinox to Julian Date
SB385 Besselian Year to Julian Date

SB38&6 General Precession Matrix

SB396 Rotate Array with Direet or Transposed Matrix

F-4
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SBE400

SB403

SB405
SB406
SB407
SB408
SB409
SB410
S$B411
SB412
SB413
SB416
SB424
SB425
SB426
SB427
SB428
SB429
SB430
SB431
SB432
SB434
SB435

SB436

SB437

LMSC-D420943

Initialize Fixed Table

I-’.l-acé O;f;é IT;em at En(i o-f Fixed 'I;able 77

Search of General Table with Argument in N Integer Cells
M Alphanumerical Characters to N Collatiné Integers
Place One Rem in éequential Table v:fith Integer Arguments

Redimension Fixed Table

Convert Integer Representation to Decimal Fraction for Printing

Sort with M-Word Argument and N-Word Function

N Collating Integers to M Alphanumerical Characters
Rotate String of Words

Search Table with Sequential Integer Arguments in N Cells
Collect N Words for L Lines

Orbit Coordinates to Equatorial Coordinates

Julian Date to Precessed Space Coordinates in Ellipse
Réduce Least Squares Matr.ix ‘

Solve Least Squares Equations

N-Point Lagrange Interpolation of M Functions
Topocentric Coordinates of Date from Sideréal Time
Topocentric Coordinates of Date from UT Julian Date
Topocentric Coordinates to Mean Equinox from Julian Date
Lagrange Interpolation Coefficients

Set Integer in Heading

Angle to Sexagesimal

Roots of Real Quadratic

Difference of Two Nearby Angles
F-5
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SB438 Equatorial PQR Matrix to Ecliptic Angles

SB439 Julian Date to Besselian Year

SB440 Angle to Sexagesimal for Printing

SB441 Residuals from Perturbed Elliptic Orbit

SB442 Coordinates and Velocities to Elliptic Elements
SB447 I8 Integer to 2A4 Format |
BFILL Bit Manipulation Package

BMOVE

CINZ Table of Observatory Numbers — Cincinnati to LEC

(Converts the observatory numbers on the Cincinnati tape
to those adopted in comet work.)

CMTS8 Reduce One Observation with Solar Coordinates on Disk

{(This is the principal subroutine for reducing observed positions.
It does much of the actual computing and controls the subroutines that
do the remainder.)

"CONV1 Convert UNIVAC Fieldata to CDC Display Code

CONV2 Convert UNIVAC Integer to CDC Integer

CONV3 Convert UNIVAC Single-Precision Floating-Point Numbers to CDC
CONV4 Convert UNIVAC Double-Precision Floating-Point Numbers to CDC
CONV5 Logical Checksum of N UNIVAC Cells

DMPRBC Dump Blank Common

EFT3 Set Table of Reductions to Ephemeris Time

EFT4 Look Up Reduction to Ephemeris Time

INTG2 Integration Setup

(Reads the controls and options that govern the numerical integration
programs. Sets default values and initializes other parameters.)

INTG3 Integration, Initial Start

(Controls and carries out the repetitive processes that start the
numerical integration from the coordinates and velocities at the
date of osculation.)

-8
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INTG4

INTGS
INTG6
INTG7
INTGS
INTG9

JPL3

JPL4

JPLS

JPLS
JPL7

NMP14

NMP19

LMSC-D420943

Integration, Run

(Controls and carries out the full numerical integration processes
at each step of the integration.) SRS :

Monitor Differences During Numerical Integration

Coordinates and Velocities for Restart

- Setup for Coordinate Integration
- Start Coordinate Integration

Coordinate Integratioh — Run

Planetary Coordinates in Numerical Integration

(Positions the tape containing the coordinates of the major planets
and loads the coordinates required during the starting process of the
numerical integration and then the coordinates required at each step )
of the integration that follows.) :

Indirect Terms in Numerical Integration

(Computes and stores the indirect terms needed during the starting
process and later at each step of the integration. These terms do
not depend upon the coordinates being integrated, and so do not need
recomputation during the predictor-corrector processes.)

Planetary Accelerations in Numerical Integration

(Computes and recomputes as needed all of the accelerations by the
specified major planets at each step of the starting and running
processes.,)

Indirect Terms for One Date
Planetary Masses and Gravitation Factors

Interpolate Minor Planet Coordinates

(Positions the tape written by the numerical integration program
and reads two adjacent records of 50 points each. The coordinates
for the given Julian Date are interpolated with a Lagrange formula
of specified order.)

Improve Orbit from One Observed Position

(Uses an observed or ephemeris position to improve the given
orbit in the neighborhood of the date of the position. Adjusts the
mean anomaly, and then rotates the orbit plane slightly to give
exact fit,)

LOCKHEED MISSILES & SPACE COMPANY

i



NMP21

NTG10

OBSY3

OBSY4

SET50

SUNZ22

"TANZ

LMSC-D420943

Perturbed Accelerations in 400-Day Block

(Computes the complete perturbed accelerations during one step of
the numerical integration of a group of minor planets.)

Monitor Differences and Integration Convergence

(Monitors the accuracy and convergence during the numerical
integration of a group of minor planets.)

Set Table of Observatory Constants

(Reads punch-cards containing the latitude, longitude, and height of
each observatory. For each observatory, it computes and sets in
the table three constants needed to compute the topocentric
coordinates.)

Set Earth Constants

(Reads a punch-card with the constants that define the size and shape
of the Earth and the units used. Required by OBSY3.)

Input Elliptic Elements in Various Forms

(Needed to input the elements that define the initial osculating orbit.)
Interpolate Solar Coordinates from Tape

Arctangent with Range 0 to 360 Degrees
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