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General Catalogue of Original and Future Comet Orbits

ZDENEK SEKANINAX)
Public Observatory, Prague

(Recerved Fanuary 21, 1966)

This paper presents a General Catalogue of Original and Future Comet Orbits, containing
important data on original orbits of 81 comets and on future orbits of 70 comets. In addition, data
on the definitive orbits, which the computations started from, are included. A detailed discussion
of the accuracy reached and of the resulting average corrections for planetary perturbations after
comparing direct computations with the theory is also presented. Distributions of comet energy-
changes through planetary action are then analyzed and compared with results of theoretical consi-
derations. Finally, the question of possible interstellar origin of some comets is studied.

f. Introduction

The aim of this paper is to present as complete survey of the results of calcula-
tions of the original and future comet orbits as possible.

The two classes of comet orbits may be defined as follows:

The original orbit of a comet is the orbit along which the comet was moving
before penetrating the sphere of appreciable planetary perturbations.

The future orbit of a comet is the orbit along which the comet will move after
leaving the sphere of appreciable planetary perturbations.

From this general definition it becomes clear that the original and future orbits
may be considered only for long-period and non-period comets, which recede far
enough from the Sun.

If the comet’s original (or future) orbit is an ellipse, it may be defined as the
orbit along which the comet was moving (or will move) near its foregoing (or next)
aphelion.

If the comet’s original (or future) orbit is a hyperbola, it may be defined as
the orbit along which the comet was approaching (or will leave) the solar system at
infinity, without taking account of stellar perturbations.

*) A collaborator of the Astronomical Institute of the Faculty of Mathematicsand Physics of the
Charles University, Prague.
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The reciprocal semi-major axes, — , of original and future comet orbits are of
a

primary importance for cosmogonical problems of both the cometary system and
the whole solar system.

The sign of the reciprocal semi-major axis of the original orbit indicates whether
the nearly-parabolic comet comes from remote regions of the solar system (positive),
or from interstellar space (negative), that of the future orbit, whether it will stay a
member of the solar system in the future (positive), or will leave it for interstellar
space (negative). In this way, the gravitational interaction between the solar system
and interstellar space becomes apparent.

To be able to investigate these problems, a representative observational material
should be available, which is the direct impulsion for completing the General Cata-
logue of Original and Future Comet Orbits, presented in this paper.

The initial point for computing original and future orbits of any comet is its
definitive orbit, i.e. its osculating elements referred to a date, usually close to the
comet’s perihelion passage. After applying planetary perturbations backward (or
forward) during a long enough period, the original (or future) orbit is reached. This
orbit, however, is all the time referred to the Sun as the centre of gravity, since the
definitive orbit is computed in the heliocentric system of co-ordinates. As shown for
the first time by STROMGREN (1898, 1899a, 1899b) the original and future orbits
should be referred not to the Sun, but to the centre of gravity of the solar system,
or to the barycentre, represented with a sufficient accuracy by that of the Sun and
the nine major. planets. The conversion into the barycentric system is according to
STROMGREN necessary to ensure convergency of the perturbation function, since
only then the oscillation term describing the gravitational influence of perturbing
bodies on the Sun disappears. There is also another, fundamental reason for referring
the orbit to the barycentre: original and future comet orbits are computed, since
we are interested in motions of comets at large distances relative to the solar system,
not to the Sun.

For the above-mentioned analysis of the data on original and future comet
orbits, we need to know not only their values but also the errors involved. The
resulting accuracy with which we obtain the values of reciprocal semi-major axis of
original and future orbits depends (1) on the accuracy of the definitive orbit, (2)
on the errors cumulated due to various omissions and simplifications in the comput-
ing method used for determining the original and future orbits from the definitive
elements, and (3) on the accuracy kept in the course of direct calculations (interpola-
tion, step of integration, rounding errors etc.).

The discussion of the errors of the first group belongs among the problems con-
nected with the determination of the definitive orbit and it results in the mean error
of the reciprocal semi-major axis,usually published by the author of the definitive orbit.

The errors of the second group were thoroughly discussed by BiLo and VAN DE
Hutst (1960). I will often refer to their paper hereinafter. The formulae given by the
Dutch astronomers are verified in detail in Sections 4 and 5 of the present paper.

The errors of the third group are probably irrelevant for the result, as mentioned
by BILO and vaAN DE HuULST (ibid.). After all, we have hardly any possibility of their
investigation theoretically.
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2. Outline of History of the Work on Original and Future Orbits

The first original orbit derived was that of Comet 1886 II by THRAEN (1894).
However, he omitted the reduction of the problem to the barycentric system. The
first reliable original orbits were published by STROMGREN in 1914 in his famous paper
»Uber der Ursprung der Kometen. The paper contains important theoretical
considerations and, in addition, original orbits for eight comets.

Meanwhile, FAYET (1910) developed a simplified method for computing original
orbits, taking into account only Jupiter’s perturbations and including a number of
approximations, giving thus only rough resulting values. FAYET computed in this way
original orbits for 146 comets. His results led to some interesting statistical conclu-
sions, but they cannot be considered precise enough to be included in any list of
reliable original orbits.

In the next years, much work was done by the Copenhagen astronomers, namely
STROMGREN, RASMUSEN and SINDING. A few other original orbits were computed by
BUTTNER in 1918, MIKHAILOV in 1924, vaAN BIESBROECK since 1927, GENNARO in
1937 etc. '

In 1948 a list of 21 reliable original orbits was published by SINDING, which was
in 1956 extended to a total of 26 comets by DIRIKIs. A few more complete lists have
appeared recently.

Since 1958 GaLIBINA has computed a few tens of original orbits, using
MAKOVER’s modification of the computing method (MAKOVER 1955) with the true
anomaly instead of time as integration variable.

Since 1960 Dutch astronomers, BiLO, VAN HOUTEN-GROENEVELD and PELS-
KLUYVER, have published other nearly 30 original orbits, and recently some Ameri-
cans, in addition to VAN BIESBROECK, have started dealing with these computations,
namely MARSDEN and BRADY, using modern digital computers. The author started
with these computations in 1964 when a coded program for a Zuse Z23 computer
was ready to be applied.

The history of the work on future comet orbits may be outlined in a similar
way. The difference consists in the fact that the computations started much later.
The present number of comets with the original orbit known is, however, only 16
per cent higher than that of comets with the future orbit known.

The first 36 future orbits were derived by FAYET (1933). He used an approximate
method similar to his method for computing original orbits. Neither the original nor
future values of semi-major axis of cometary orbits derived by FAYET are included
in the present General Catalogue.

The first comparatively reliable future orbit was derived by vAN BIESBROECK
in 1945 for Comet 1914 V. The realization of such computations was called for by
CHANDRASEKHAR (1944), who was interested in this problem in connection with
his theory of stability of binary systems and his estimation of the time of dissolution
of a binary. A few other future orbits were determined by SINDING in the course of
the forties and fifties. Much work on the future orbits has récently been done by
GALIBINA, BRADY and some other astronomers.



A strong development of computing both original and future comet orbits in the
recent years is well apparent from Figure 1. The number of comets of a known
original or future orbit is plotted against time.
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Fig. 1. The growth in time of comets with known original and future orbits. The dates of determination
of the corresponding definitive orbits are plotted for comparison.

The common effort or astronomers all over the world has made it possible to
complete the General Catalogue of Original and Future Comet Orbits, containing
the data on 81 comets of the years 1844 to 1960.

3. Discussionofthe Accuracyinthe Original and Future ValuesofSemi-majorAxis.
The Theory

For having a possibility of both weighing several different values of unequal
qualities given by various authors for the same original of future semi-major axis,
and reducing the published values to a uniform system, a thorough discussion of
the influence of an omission of both planetary perturbations and the reduction to the
barycentre is necessary.

These problems were theoretically settled by BiLo and vaN pE HuLsT (1960).
For a planet of mass m; and time ¢, corresponding to heliocentric distance r, BILO
and vaN DE HULST gave the following formulae for the average values of the difference
between the original and osculating (at time ¢) reciprocal semi-major axes:

(a) in the barycentric system
1 1 1
1(5) =2 (5 —3) M

A <_) —~0 )

for r < aj, and

for r> aj,
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(b) in the heliocentric system

1\  2m
a(z) -2 @
for r < @y, and
1\ _ 2m
a(3)= @

for r > a;, where a; is the semi-major axis of the nearly circular orbit of the planet
of mass m.

The average value of the reduction to the “barycentre”, identical with the centre
of gravity of the Sun and the planet of m is according to the two Dutch astronomers

2my
‘== ®)

for any r.

4. Discussionofthe Accuracyinthe Original and Future Values of Semi-major Axis.
The Outer Planets

This section deals with the comparison of the theory with the computations
made by GALIBINA (1958, 1963, 1964), BARTENEVA (1965) and SEKANINA (1966)
for original and future orbits of 54 comets. The outer planets are considered only.

The difference between the original (or future) and osculating reciprocal semi-
major axes in the barycentric system was investigated for 8 heliocentric distances,
and the result based on 107 individual values (54 future and 53 original) is included
in Table 1.

Table 1
1
— )i -6 -1
a4 ( . ) in 1076 (a.u.)
r

Theory Direct
s U N P | Total computations

100 0 0 0 0 0 0+0

60 0 0 0 0 0 0+0
30 0 0 —0.01 —0.04 —0.05 —-024 1.7
20 0 0 —-1.7 —0.1 —1.8 —1.14 4.8
15 0 —1.3 —3.5 —0.2 —5.0 —344 113
12 0 —-2.7 —5.2 —-0.3 —8.2 —6.7 & 19.5
10 0 —4.2 —6.9 —0.4 —11.5 —12.0 4+ 31.9
8 —11.5 —6.4 —9.5 —0.6 —28.0 —26.7 + 56.6




The individual columns give the heliocentric distance, the theoretical values

of 4 (ai) resulting from BILO’s and VAN DE HuLST’s formulae for individual planets
b

1 . . . .
and the total, and the 4 (a—) values with their root-mean-square deviations as re-
b

sult from the direct computations. The results of Table 1 lead to three important fin-
dings:

1. The average values of 4 (-al—) are in close agreement with those given by the the-
b

ory.
2. The root-mean-square deviations are never smaller than both the differences

between the theoretical and direct values, and the (;1——) value itself.
b

3. There is a close relation between the 4 (aL) values and their root-mean-squ-
b
are deviations. The relation is plotted in Figure 2 by open circles.
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Fig. 2. The relation between




On the basis of the same material the. dependence was studied, of the average
value of the reduction to the barycentre, cy, defined by both GALIBINA and BARTE-
NEVA and SEKANINA as the centre of gravity of the Sun and the five outer planets. The
results are included in Table 2, compared again with the theoretical data as follow
from formula (5).

Table 2
cw in 106 (a.u.) !
int r r Theory Direct N
] I S U | N P Total | computations
2.5-3.5 3.35 570.0 | 170.5 26.1 30.9 1.7 799.2 | 900.4 4+ 923.8 11
3.54.5 4.10 465.8 | 139.3 21.3 25.3 1.4 653.1 754.1 4 515.4 57
4.5-5.5 4.99 382.7 | 114.5 17.5 20.8 1.1 536.6 | 602.6 + 418.7 59
5.5-6.5 5.90 323.7 96.8 14.8 17.6 0.9 453.8 | 430.4 4- 348.7 39
6.5-7.5 6.93 275.6 82.4 12.6 14.9 0.8 386.3 | 401.0 + 295.7 16
7.5-8.5 8.00 | 238.7 71.4 10.9 12.9 0.7 334.6 | 313.0 + 297.3 9

The three authors convert the heliocentric problem into the barycentric problem
generally close to the distance of Jupiter from the Sun, the minimum being about
3 a.u., the maximum more than 8 a.u.

BILO and vAN HOUTEN-GROENEVELD (1960), PELS-KLUYVER (1960) and vaN
HoUTEN-GROENEVELD (1963b) convert it after finishing the integration of perturba-
tions, at an average distance of 24 a.u. The results based on 26 individual data are in

Table 3.
Table 3
T ¢w in 1078 (a.u.)!
int r r Theory Direct
T | s U N | P Total [ computations
19.7-27.6 24.0 79.6 23.8 3.6 4.3 0.2 111.5 |92.4 4 155.2

Tables 2 and 3 indicate a good agreement between the theory and direct compu-
tations. In Fig. 2 the data of Table 2 are given by full circles, that of Table 3 by a
point bounded with an open circle. There is a well pronounced relation between
the cw—values and their root-mean-square deviations, very close to that between
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1
the 4 (—

ap
form a general relation able to give the root-mean-square deviation for any value of

> values and their deviations. The two relations may be put together to

A (ai) or cy, as just presented in Fig. 2. It may be written in the form:
b

R = 5.01 Mo.114, (6)

. . . .. 1
R is the root-mean-square deviation, M is either the absolute value of 4 (— or
an

¢w, all being expressed in 10-6 (a.u.)-L.

5. Discussion of the Accuracy in the Original and Future Values of the Semi-major
Axis. The Inner Planets

In this section B1Lo’s and vAN DE HULST’s theory is compared with direct com-
putations made by BiLo and vAN HOUTEN-GROENEVELD (1960), PELs-KLUYVER (1960)
and vAN HOUTEN-GROENEVELD (1963b) for original and future orbits of 26 comets.
The inner planets are considered here only. Due to both a small number of the
comets available and a narrow range of heliocentric distances no dependence on the
distance from the Sun is studied now.

In contradistinction to the outer planets, the total influence of the inner planets
on the cometary motion will be here in its average values investigated, since it is
just what may be best of all deduced from the data on 26 comets published by the
three Dutch astronomers. Since the date of osculation of the definitive orbits is, as
a rule, very close to the respective date of perihelion passage, the total omission of
a planet of mass m; yields an average difference in the semi-major axis:

1 2m;
2 (5), =% 2
for ¢ < a4, and
1 2m;
(), s
2 P (8)

for ¢ > a;. These formulae are analogous to (3) and (4), respectively.

The comparison of the theory with direct computations is represented in Table
4. The theory is again consistent with the direct computations, particularly if taken
into account that the Dutch astronomers generally omitted Mercury, for some comets
Mercury and Mars and for a few comets even all the inner planets, the reduction
to the barycentre, cp, here defined as the centre of gravity of the Sun and the four
inner planets, being included only.

On the basis of the same material the average value of the reduction to the centre
of gravity of the Sun and the four inner planets was compared with the theoretical
values, given again by formula (5), and summarized in Table 5. The consistency is
again well pronounced.
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Table 4

4 (L) in 10-6 (a.u.)1
a /q

! Theory Direct
' Me I v E I M | Total computations

0 0.6 6.9 6.1 0.4 14.0
0.5 0.4 6.9 6.1 0.4 13.8
0.8 0.3 6.2 6.1 0.4 13.0
1.0 0.2 5.0 6.1 0.4 11.7
1.5 0.1 3.3 4.0 0.4 7.8
1.72 0.1 2.9 3.5 0.4 6.9 574+ 7.4
2 0.1 2.5 3.0 0.3 5.9
3 0.1 1.7 2.0 0.2 4.0

Table 5
¢p in 107€ (a.u.)?
a.:1. Theory . Direct
Me v | E | M |  Total computations

1 0.2 5.0 6.1 0.6 11.9
2 0.1 2.5 3.0 0.3 5.9
3 0.1 1.7 2.0 0.2 4.0
4 0.1 1.2 1.5 0.2 3.0
4.24 0.1 1.2 1.4 0.2 2.9 3.9 4 4.0
5 0.0 1.0 1.2 0.1 2.3
6 0.0 0.8 1.0 0.1 1.9
7 0.0 0.7 0.9 0.1 1.7

The summary of the three sections, dealing with the analysis of the accuracy in
the original and future values of the semi-major axes of cometary orbits, is that the
formulae given by BiLo and vaN DE HuLsT (1960) for the average values of the diffe-
rence between the original (or future) and osculating reciprocal semi-major axes
and of the reduction to the barycentre are fully confirmed by direct computations.

This fact together with the empirically found, close relation between the 4 (%) or

¢ values and their root-mean-square deviations valid for the outer planets, makes
it possible to reduce the values of original and future orbits published by various
authors to a uniform system and to predict the additional errors arising when intro-
ducing these average corrections.
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6. Corrections to the Published Values. Additional Errors

Theoretically, nearly perfect values of reciprocal semi-major axis of original
and future orbits should be obtained after (1) applying the pertubations by all the
nine major planets, (2) extending them to aphelion or infinity in time, and (3) reduc-
ing to the barycentre in the best sense of the word, i.e. to the centre of gravity of the
Sun and the nine major planets. Such values of original and future orbits I will call
hereinafter the ideal values. The reasons why even the ideal values are not more
than a very good approximation, consist in the final length of the step of integration
used, in the existence of cumulative errors of rounding in the course of integration,
and in the omission of perturbations by all other bodies of the solar system, parti-
cularly of a few “giants” among minor planets and of hypothetical transplutonian
planets. The contribution of the last ones to the barycentre of the solar system may
be far from negligible. The perfect determination of the definitive orbit, or the osculat-
ing orbit at a date near to perihelion, from which the calculations of the original and
future orbits start, is postulated.

For the sake of avoiding cumbrous computations, no value of original and
future orbits given in practice satisfies simultaneously the three conditions for the
ideal value.

To correct the published values of the original and future orbits the average
corrections as given by the verified formulae (1) to (8) have been applied. The result
is a probable ideal value with the root-mean-square error, or a quasi-ideal value of
reciprocal semi-major axis.

The corrections for taking account of each of the three conditions have been
added on the principles as follows below. The root-mean-square deviations included
have been for the outer planets computed from the general empirical relation (6),
for the inner planets, for which relation (6) is not valid, they have been estimated

from Tables 4and 5 for 4 ( ) values and cp values, respectively, under keeping the
constant .relative error.

a) Correction for the omission of perturbations by a planet of mass m; and of its
inclusion into the barycentre.
The correction for each of the outer planets is constant given by formula 3)
2mi
corry = ——, (9)
ai
since no comet under observation has had its perihelion distance, g, farther from the
Sun than any of the outer planets.
For the inner planets the correction is

corry = 2my , (10)
z

where 2 = max (g, ai).

The mean correction values for the outer planets and the maximum correction
values for the inner planets together with the mean errors involved are given in
Table 6.
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Table 6

Planets corry
J +367 + 339
S +60 + 93
U +5+ 15
N +3+ 12
P 0+ 1
J+S +427 4 377
U+ N +8 4 22
J+S+U+N+P +435 4 382
Me +14+1
\'% ' +74+9
E +6+ 8
M 041
V+E +13 4 17
Me+V4+E+M +14 4 18

b) Correction for the omission of perturbations by a planet of mass m;.

If the planet was included into the barycentre, but the perturbations due to it
were completely omitted (an often case of Pluto), the formulae of (1) or (2) are in
operation: ) ) '

corrg = 2my (71 — ;) , (11)

where z = min (g, ai). This formula gives never a positive value. A few data are
summarized in Table 7.
c) Correction for the omission of perturbations by a planet of mass m; from a helio-
centric distance of r to aphelion or infinity.

The same formula is valid as in Case b after replacing the perihelion distance

by distance », consequently:
corrg = 2my (-1—— —l—) s (12)
ay Z

2z = min(r, ay). For r large enough, (12) yields a zero value. Some data are included
in Table 8.
d) Correction for the omission of reduction to the barycentre.

If the perturbations by a planet are applied but no reduction to the barycentre
follows, the average correction should be added according to the formula:

corrs = —2—:"1 (13)

r is the heliocentric distance of stopping the integration of perturbations in the helio-
centric system. Some values are comprised in Table 9.
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Table 7

corra

Planets
q=0.5 g=1 q=2 q=4
J —3452 4 1677 | —1544 4 944 —588 + 474 —110 + 143
S —1082 4 733 —511 4 422 —226 + 240 —83 4 117
U —170 4 196 —83 4 117 —39 + 68 —17 4+ 38
N —204 4 223 —100 + 134 —48 + 79 —22 4 46
P —11 4 28 -54+17 —-3+10 —14+6
J+S —4534 4 2037 | —2055 4+ 1158 —814 1 598 —193 + 214
U+ N —374 4 343 —183 + 206 —87 4+ 121 —39 + 68
J+S+U+N+P | —4919 4 2159 | —2243 4 1233 —904 + 645 —233 £ 245
Me 040 0+0 0+0 0+0
v —3+4 040 0+0 0+0
E —6+ 8 040 0+0 0+0
M —141 0+0 040 04+ 0
V+E —94 12 0+0 040 0+0
Me+V4+E+M —10 4 13 0+0 0+0 04+0
Table 8
corrs
Planets
r=1 r=35 r=10 r=25
J —1544 + 944 —154 35 0+0 0+0
S —511 + 422 —54 4 86 0+0 040
U —83 4 117 —13 4 31 —4+ 14 0+0
N —100 4 134 —17 £+ 38 -7+ 20 —14+4
P -5+ 17 —-145 043 041
J+S —2055 + 1158 —69 + 103 040 040
U+ N —183 + 206 —30 £+ 57 —11 4 28 —-14+4
J+S+U+N+P | —2243 + 1233 —100 + 134 —114 28 —1+4+4
Me 0+0 0+0 0+0 0+0
v 0+0 0+0 0+to0 0+0
E 0+0 04+ 0 0+0 040
M 0+0 040 0+0 040
V+E 0+0 040 040 0+0
Me+V+E+M 040 0+0 0410 040
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Table 9

corry
Planets
r=1 r=35 r=10 r=25
J +1910 + 1099 +382 + 349 +191 + 213 +76 + 110
S +571 4 464 +114 4 147 - +57 4+ 90 +23 4 47
U +87 + 121 +17 4+ 39 +9 + 24 +34 12
N +104 4 138 +21 4 44 +10 4 26 +4 4+ 13
P +6 1+ 17 +14+5 +143 0+ 2
J+S +-2481 4 1325 +496 4+ 420 +248 4 256 +99 + 133
U+ N +191 + 213 +38 + 67 +19 4+ 41 +8 + 21
J+S+U+N+P | +2678 £+ 1399 +535 - 443 +268 + 271 +107 4 141
Me 0+0 0+0 0+0 0+ 0
\% +5+5 +1+£1 0+1 0+0
E +6+ 6 +1+1 +14+1 0+ 0
M +141 0+0 0+0 04+ 0
V+E +11 £ 11 +2+2 +1+1 0+ 0
Me+V+E+M +12 412 +24+2 +141 040

All the data included in Tables 6 to 9, are analogously to the preceding tables
given in the 10-8 units of (a.u.)l. The quasi-ideal value of reciprocal semi-major
axis of the original or future comet orbit is then given by:

e = (o) * 2

—) =(— ' 14
(ab qu ap / publ + iZl corr ( )
1

(a—> is the published value, and the total additional error, dqu, results from:
b / publ

4
Su= 2 o, (15)

i=1

0; are the corresponding root-mean-square deviations derived in accordance with
the working instruction mentioned at the beginning of this section.

7. Catalogue Values and Their Mean Errors
In this Catalogue I endeavour to give the resulting values of reciprocal semi-

major axis as close to the ideal values as possible. They are included in columns
headed “Catalogue Values™.
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For the comet’s original or future orbit, which the only (%) value has up to

now been published for, the catalogue value is identical with the quasi-ideal value
computed from the published value, as described in the foregoing section:

()= o) B

The mean error of the catalogue value, dcat, is defined by

. 6(2!8& = 6¢2iel + 6121u > (17)
dger is the mean error of the reciprocal semi-major axis of the definitive orbit.

If more values of (%) are published, the catalogue value is derived as the
b

weighed mean of the quasi-ideal values computed from the values published:

1 1 d
(£ () * 5
an quj an publj i=1

| (18)

e =5 157 ()
<ab cat b2 jgl P an / qu,

J

) ; 1
651& = 6519,[ + 1') >

where most symbols are the same as those in the foregoing section, » is the number

of (aL) values published, p; and dqy, are the weights and mean errors of the res-
b i

pective quasi-ideal values and p the weight of the catalogue value. If 6quk: 0 for

(@) = (o), <

Ocat = O der -

any k < n, then

and

The catalogue value of (-al—) of the original or future orbit depends, of course,
b

1
on the (—i«) value of the definitive orbit. If any of the published a values of
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the original or future orbit was based on another definitive orbit of the same date of
osculation, it was referred to the definitive orbit given in the Catalogue before quoted
in the respective column of the Catalogue, according to the formula:

1 1Y\ 1 1Y\’
(@)oo + (e = (B @
ap / publ ap / publ a / det a/ det

(aL) is the value of the original or future orbit published in the original paper,
b / publ

based on the definitive orbit of (i) s (i) is the value of the definitive orbit
a/det \a/det
adopted in the Catalogue.

8. Accuracy of the Data Included in the Catalogue

In the comments on the Catalogue the formal accuracy, i.e. the number of
decimals, will be noted to which the data of each of the magnitudes included in the
Catalogue are given.

The elements of the definitive orbit are given with a standard number of deci-
mals, i.e. with four decimals for the angular elements, with five decimals for the
time element and with six decimals for the elements indicating the form of the
orbit.

The mean residual of the normal place of unit weight is given with the same
number of decimals as the normal places themselves are usually published.

The vector elements are given to six decimals, since the change of any angular
element by 4-1” can yield a change just in the sixth decimal of the vector elements,
on an average.

_ Concerning the spherical co-ordinates of the perihelion and of the orbital pole,
their accuracy given is +0°.01 since this is the limit of the reasonable number of
decimals for the galactic co-ordinates.

As to the number of decimals of the values of true anomaly and the other
magnitudes being in connection with it, both of the definitive orbit and of the original
and future orbits, differential formulae are used to ensure the formal accuracies of
the related magnitudes to be comparable.

A characteristic of the reliability of the definitive orbit is the length of the period
of observation, usually given with an accuracy to one day. Since the definitive
elements are, as a rule, derived from an arc of orbit very close to the perihelion, the
differential formula of parabolic motion gives the following relation between the
change in true anomaly and in the length of period of observation for heliocentric
distances close to g: ~

dv = 1.4 ¢g—3/2 ds, (22)

dr is expressed in days, dov results in degrees. The mean value of ¢ for the comets
included in the Catalogue is approximately 1.4 a.u., so that a change of dz = 1 day
yields a change of do = 0°.9. Therefore it is enough to give the true-anomaly values
for definitive orbits with a formal accuracy to 1°.
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True anomaly is used by some authors, while time by other as the integration
variable in the course of the computations of original and future orbits. Keeping
e.g. the former manner we can derive formulae interrelating dv, dr and dr. At large
heliocentric distances, however, somewhat different relations are valid to (22).

Neglecting terms with 4 in comparison with a unit we can find:
r

r2

dr = 0.002 V_; do,

3
dr = 0.017 V’? do,

do is expressed in degrees, d¢ results in years, dr, in a.u. Owing to a slight change of
v at large distances, its formal accuracy accepted is an order higher than earlier, i.e.
0°.1. The corresponding differential variations in the two other magnitudes is for
a few heliocentric distances given in Table 10. The accuracy adopted in the Catalogue,

(23)

Table 10
dv=0°.1
r _

dr de

10 0.04 0.02
25 0.18 0.11
50 0.50 0.42
100 1.4 1.7

dr = 0.1 a.u. and d¢ = 0.1 year will obviously represent a reasonable average in the
wide range of heliocentric distances.

The accuracy of the catalogue values of original and future comet orbits was
thoroughly discussed in a few preceding sections. The reciprocal semi-major axis of
any orbit is in the Catalogue given to six decimals.

9. Comments on the Catalogue

The Catalogue contains 150 data on original orbits of 81 comets and 91 data on
future orbits of 70 comets, mostly members of the group of so-called new and fairly
new comets (OORT, SCHMIDT 1951). Only five or six comets belong to the group of
old comets, while about 63 per cent of the total move in hyperbolic orbits relative
to the Sun in its proximity.

The Catalogue consists of six parts: the first two parts deal completely with the
definitive orbit, from which both original and future orbits are computed. Parts C and
D comprise the data on the space orientation of the definitive orbit (and with a suf-
ficient accuracy also that of the original and future orbits), and make it possible to
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study the direction of the comet’s motion in the far past or future. The last two parts
give the comet’s original and future orbits, respectively.
The detailed contents of the respective parts is as follows:

Part A. Basic Data on the Definitive Orbit

The first part includes the designation of the comet and the elements of its
orbit referred to a date close to the date of perihelion passage, i.e. of its definitive
orbit. If more definitive orbits have been available, that was perferred having the
most favourable characteristics of the reliability and accuracy of its determination
(see Part B).

Individual columns of Part A indicate:

Column A.1: Definitive Comet’s Designation

The definitive designation of the comet consists of the year of perihelion passage
and of the roman numeral giving its order within the year. This column is identical
with columns B.1, C.1, D.1, E.1 and F.1.

Column A.2: Preliminary Comet’s Designation

The preliminary designation of the comet consists of the year of discovery and
of the letter giving its order within the year.

Column A.3: Nominal Comet’s Designation

The nominal designation of the comet is identical with the name of the disco-
verer (or discoverers). If no discoverer is known, his name is replaced by a “sobriquet”
as given in PORTER’S Catalogue (PORTER 1961).

Column A.4: Tosc

Time of osculation. Both before and after 1925.0 the time of osculation is
expressed in U.T., i.e. for any comet before 1925.0 a constant of 0.5 day is added to
the date given in G.M.T., or a constant of 0.46279 day to the date given in B.M.T.
For a few recent comets the osculation time is given in the Ephemeris Time and then
“E” is added. If no osculation time is given, see the respective note.

Column A.5: T

Time of perihelion passage. The same principles are valid as for the time of
osculation. Formal accuracy to five decimals.

Columns A6to A8:w Q 1

Argument of perihelion, ascending node, inclination of orbit. The angular
ecliptic elements of the orbit are referred to equinox 1950.0. Formal accuracy
to four decimals.

Column A.9: q

Perihelion distance, expressed in astronomical units. Formal accuracy to six
decimals.

Column A.10: e

Eccentricity of the orbit. Formal accuracy to six decimals. .

Part B. Derived Elements. Characteristics of the Accuracy of the Definitive
Orbit. Reference to the Definitive Orbit

Individual columns of Part B indicate:
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Column B.1: Definitive Comet’s Designation
See Column A.1.

Column B.2: (i)
a/ osc

Reciprocal semi-major axis of the definitive orbit with the root-mean-square
error. Formal accuracy to six decimals.

Column B.3: P

Orbital period, its most probable value for elliptical orbits (in years).

Column B.4.: Perturbing Planets

Perturbing planets, taken into account in the course of calculations. Current
abbreviations are used. If no planet is given see the respective note.

Columns B.5 to B.6: v1 v2

True anomaly of the first and the last positions applied for computing the def-
initive orbit. Formal accuracy to one degree.

Column B.7: int v

Interval of true anomalies, or the heliocentric arc of the comet’s orbit applied
for the calculations. Formal accuracy to one degree.

Column B.8: int obs.

Period of observation, the time distance between the first and the last observa-
tions included, in days. Formal accuracy to one day.

Column B.9: N

The total number of observations made use of, when computed the definitive
orbit. Only the observations actually applied are included though only in one co-
ordinate. Those originally considered but before forming normal places rejected,
are not involved in this column.

Column B.10: €

Mean residual of the normal place of unit weight; for comets 1912 II and 1944 I
the mean residual of a single observation is given. Formal accuracy is tabulated as
given by the author of the definitive orbit, but never to more than 0”.01. If no resi-
dual is given, see the respective note, and if no remark is present, I have not succeeded
in getting acquainted with the original paper and I do not know if there is any
possibility of establishing the residual.

Column B.11: Reference

Reference to the original paper comprising the determination of the definitive
orbit.

Part C. Vector Elements

The vector elements are computed from the angular elements of the definitive
orbit of Part A and referred, consequently, to equinox 1950.0. Individual columns
of Part C give:

Column C.1: Definitive Comet’s Designation

See Column A.1.

Columns C.2t0 C4: Px Py P,
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Rectangular equatoreal components of the unit vector to the perihelion. Formal
accuracy to six decimals.

Columns C.5 to C.7: Ox Qy Qq

Rectangular equatoreal components of the unit vector to the position of true
anomaly of 490°. Formal accuracy to six decimals.

Columns C.8 to C.10: Rx Ry R;

Rectangular equatoreal components of the unit vector to the
pole of the orbit. Formal accuracy to six decimals.

Part D. Directions to the Perihelion and Orbital Pole

Spherical co-ordinates are given of the two directions referred to the centre
of the Sun and to equinox 1950.0. The individual columns indicate:

Column D.1: Definitive Comet’s Designation

See Column A.l.

Columns D.2 to D.7: oz On An Br I5 bY

Angular equatoreal, ecliptical and galactic co-ordinates of the perihelion: right
ascension, declination, celestial longitude, celestial latitude, galactic longitude and
galactic latitude. Formal accuracy to 0°.01.

Columns D.8 to D.13: ap 6p Ap Pp L' bY

Angular equatoreal, ecliptical and galactic co-ordinates of the ‘“northern”
orbital pole: right ascension, declination, celestial longitude, celestial latitude, ga-
lactic longitude and galactic latitude. Formal accuracy to 0°.01.

<

‘northern”

Part E. Original Values of Reciprocal Semi-major Axis

The published so far and catalogue original orbits are included. Columns E.2
to E.7 concern the published values and they are, in fact, the survey of original values
of the comet’s reciprocal semi-major axis published so far by various authors.
Columns E.8 to E.9 concern the catalogue values. The individual columns indicate:

Column E.1: Definitive Comet’s Designation

See Column A.1.

Column E.2: (L)

an / orig

Published original value of the reciprocal semi-major axis in the barycentric
system. Formal accuracy to six decimals.

Column E.3: Perturbing Planets

Perturbing planets considered during the computations. Perturbations by the
inner planets applied only within the interval of not more than a year or a few years
at the most. Current abbreviations of the planets are used. If no planet is given, see
the respective note.

Column E.4: vorig

True anomaly corresponding to the beginning of the period of integration,
Torig. Formal accuracy to 0°.1.

Column E.5: Torig

Heliocentric distance corresponding to the beginning of the period of integra-
tion. Formal accuracy to 0.1 a.u.
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Column E.6: int pert.
The length of the period of integration of the planetary perturbations, defined by
int pert. = Tosc — Torig -
Formal accuracy to 0.1 year.
Column E.7: Reference

Reference to the original paper comprising the determination of the original
orbit.

Column E.8: catalogue value (i)
anp / orig
Resulting original value of the reciprocal semi-major axis in the barycentric
system adopted in the General Catalogue with its root-mean-square error. Formal
accuracy to six decimals.

Column E.9: catalogue value (L) — (i)
ap /orig a / ose

Resulting difference between the barycentric original value and the heliocentric
osculating value of the reciprocal semi-major axis. The positive sign indicates an
acceleration of the approaching comet, the negative sign its deceleration. Formal
accuracy to six decimals.

Part F. Future Values of Reciprocal Semi-major Axis

The published so far and catalogue future orbits are included. Columns F.2
to F.7 concern the published values and they are, in fact, the survey of future values
of the comet’s reciprocal semi-major axis published so far by various authors. Columns
F.8 to F.10 concern the catalogue values. The individual columns show:

Column F.1: Definitive Comet’s Designation

See Column A.1.

Column F.2: <L>
ap / fut

Published future value of the reciprocal semi-major axis in the barycentric
system. Formal accuracy to six decimals.

Column F.3: Perturbing Planets

Perturbing planets considered during the computations. Perturbations by the
inner planets applied only within the interval of not more than a year or a few
years at the most. Current abbreviations of the planets are used.

Column F.4: vgut

True anomaly, corresponding to the end of the period of integration, Ttut.
Formal accuracy to 0°.1.

Column F.5: riut

Heliocentric distance corresponding to the end of the period of integration.
Formal accuracy to 0.1 a.u.

Column F.6: int pert.

The length of the period of integration of the planetary perturbations, defined by

int pert. = Tyt — Tose -

Formal accuracy to 0.1 year.
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Column F.7: Reference

Reference to the original paper comprising the determination of the future
orbit.

Column F.8. catalogue value (L)
ap / tut

Resulting future value of the reciprocal semi-major axis in the barycentric
system adopted in the General Catalogue with its root-mean-square error. Formal
accuracy to six decimals.

Column F.9: catalogue value (l) — (L)
a/ osc @b / tut

Resulting difference between the heliocentric osculating value and the bary-
centric future value of the reciprocal semi-major axis. The positive sign indicates
an acceleration of the receding comet, the negative sign its deceleration. Formal
accuracy to six decimals.

Column F.10: catalogue value (L> — (L)
ap / orig anp / tut

Resulting difference between the barycentric original and future values of the
reciprocal semi-major axis. The positive sign indicates an acceleration of the comet
during its penetration into the inner parts of the solar system, the negative sign its
deceleration. Formal accuracy to six decimals.

10. Distribution of the Energy-changes of Comets through Planetary Action

The differences given in the last columns of Part E and F of the General
Catalogue represent, in fact, the energy-changes of comets in the course of their
pass through the inner parts of the solar system. Designing successively

(2 (B - ().
a/ tot ap / orig ap / tut

e (D (),
a / orig Qp / orig alaq

A(i
a

a

) ==

1) (1
alq ap

)uul

(i> is the osculating value of % referred to the perihelion passage in the helio-
q

/

(24)

. . - 1 1
centric system of co-ordinates, and designing, moreover, 4 (— and4 | — as
orig a/ tut

a

A (Z if not distinguished between original and future orbits, we can obtain a mean,

statistical value of the three differences from the best material available at present
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and compare it both with results of some theoretical considerations and with earlier
derived values.

The distributions of 4 (1> , 4 (l) and the sum of them, 4 (i) , are
a / orig a/ tut a

represented in Fig. 3. There are well pronounced differences between the three distri-
butions, summarized in Table 11. For each of them the individual columns give:
the mean value, the root-mean-square deviation and the number of individual
orbits included.

0
- 4()
5_
0: : ‘ 1 n N ﬂ n n.
0 0.0005 0.0010 0.0015
- 1
S- A(E ) orig
N
3 no
I T T T
0 0.0005 0.0010 0.0015
- 1
5_ 4 (a)/ut
0- rﬂI' | , [ r‘ﬂ nfll o n
0 0.0005 0.0010 0.0015

Fig. 3. The distribution of energy-changes of comets through planetary action: original and future orbits
in the upper panel, original orbits in the middle panel and future orbits in the lower panel.

The distribution of 4 (;) is closest to the Gaussian distribution. This is fully
confirmed by Fig. 4, where the logarithm of the number of deviations is plotted
against the square of the deviations. The slope of the relation, B, is related to the
root-mean-square deviation, o, since:

= ( log ¢ )m 25)
T= 2B )
With B — —1.420 it is
& — +0.000391 (26)

in a very good agreement with the tabulated value.
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Table 11

Distribution Mean value Rogte'vl};et?:;sq' Number
A (i) +0.000532 1.0.000335 81
a /orig
4 (%) 40.000396 40.000426 70
fut
A (%) +0.000469 10.000384 151
logN -
1_
0- ®

square of deviations (in 10"%(a.u)™%)

Fig. 4. Frequency of orbits in dependence on the square of deviations from the mean energy-change. The
slope indicates the root-mean-square deviation.

. 1 .
The mean theoretical values of 4 (—a— resulting from B1LO’Ss and vAN DE HULST’s

theory may simply be deduced from Part (a) of Section 6 of this paper. It indicates
a slight dependence on the perihelion distance, summarized in Table 12. The
root-mean-square deviation is interpolated from the empirical relation (6).

There is really nearly perfect agreement between the theory and the Catalogue

1
not only as for the 4 (;) value itself, but as well as for its root-mean-square devia-

tion. Itshould be remarked that a value of -+0.000449 was from similar considerations
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Table 12

q ; a4 (—;—) theoretical
0 ' +0.000449 + 0.000382
0.5 40.000448 + 0.000382
1 +0.000446 + 0.000382
1.5 40.000443 + 0.000382
2 +0.000441 + 0.000382
3 +0.000439 + 0.000382
4 +0.000438 + 0.000382

derived by FABRY as early as in 1894 (FABRY 1894). SINDING came later on (SINDING
1948) to a result a factor 3/2 higher, criticized by BiLo and vaN pE HuLsT (ibid.).

FAYET’s approximate computations of original orbits lead to an average value
of +0.000459 (DIrIk1s 1956), in practice identical with ours.

SINDING found from accurate determinations of 21 comets a value of 40.000552
(SINDING 1948), and DIRrIKIS from the extended list even a larger one. It should be
emphasized that all these values were derived from statistics of original orbits only. .

LyrTLETON and HAMMERSLEY (1963) derived from the list of original and future

orbits, compiled by MARSDEN, a difference of 0.000175 between 4 (%) and
orig

A (%) . They first mentioned that the value of 4 (%) derived from future
fut

orbits is more correct than that from original orbits. Original orbits are almost certa-
inly influenced by selection, because the comets investigated were mostly ones with
hyperbolic osculating orbits near perihelion and therefore inclined to greater than
average energy-change due to planetary action. This was supported by the data given
by the two authors, by KENDALL (1961) and is anew confirmed by Table 11 of this pa-

per. The survey of all the determinations of 4 (%) discussed here is included in

Table 13. The individual columns give: the mean value of 4 (%) » the method used,

the references and a remark indicating which planets were taken into account at the
considerations if a theoretical way was followed, or how many original or future
orbits were applied if a statistical way was used. It should be added that there is no

difference theoretically between the average values of 4 (l) and 4 (1) .
a / orig a/ tut

The distribution of total energy-changes of comets during their penetration

. . . 1 . .
into the inner parts of the solar system, given by 4 (7) , is represented in the
tot

upper panel of Fig. 5. The mean value is
+0.000152 4 0.000607
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Table 13

T
0.0005

T
0.0010

A < L) Method References Remark
a
1 +0.000449 theoretical | Fabry (1894) ME,V,E,M,],S,U,N
2 +0.000459 statistical Fayet (1910), Dirkis (1956) | 145 approximate original
orbits
3 i +0.000552 statistical Sinding (1948) 21 rigorous original orbits
4 | +0.000544 theoretical | Sinding (1948) J
5 +0.000633 theoretical | Sinping (1948), Dirikis
(1956) J,S
6 +0.000602 statistical Dirikis (1956) 26 rigorous original orbits
7 +0.000435 theoretical | Bilo, van de Hulst
(1960), present paper J,S,U,N, P
+0.000438
8 to theoretical | Bilo, van de Hulst
+0.000449 (1960), present paper Me, V,E, M, ], S, U, N, P
9 +0.000630 statistical Lyttleton Hammersley
(1963) 39 rigorous original orbits
10 +0.000455 statistical Lyttleton, Hammersley
(1963) 21 rigorous future orbits
11 +0.000532 statistical present paper 81 rigorous original orbits
12 +0.000396 statistical present paper 70 rigorous future orbits
13 +0.000469 statistical present paper 151 rigorous original and
future orbits
Fig. 5. The distribution of total energy-changes of comets through plane-
10 — tary action (upper panel) and that of their absolute values (lower panel).
1
4 ( Y
lot
5 _
0o~ OO0 | (111
-0.001 0 +0.001
N 1
A -
5_ (a ) lot
0- — (5 p

0.0015

27



as results from 70 original and future orbits. This value is close to another one,
+-0.000233, obtained from 18 comets by LYTTLETON and HAMMERSLEY (1963).
Theoretical considerations give a zero value for the average total energy-change,

and the difference is again probably due to the effect suggested by LYTTLETON and
HAMMERSLEY (ibid.).

1
VAN WOERKOM (1948) theoretically estimated the average variation in " during

the pass of a comet through the planetary system. He took only Jupiter’s influence
into account and found an absolute mean variation of 0.00053 for comets approaching
the Earth’s orbit and a variation of 0.00071 for comets with ¢ = 4.5 a.u. To verify

(2
a/ tot
the lower panel of Fig. 5, the resulting mean value from the 70 comets being

0.000509 + 0.000357,

i.e. somewhat smaller than vAN WOERKOM’S results.

his conclusions the distribution of

has also been investigated, given at

I1. Probability of Interstellar Original and Future Orbits

It is a generally known fact that nearly all original orbits investigated so far
have been ellipsae. Together with it, however, another general feature is apparent
in possibly all the papers dealing with the determination of original orbits or at least
with their statistics: the authors are extremely distrustful of any value of original
orbit indicating an interstellar origin of the comet. This perhaps is reasonable if
the error involved is greater or comparable with the value itself, but hardly compre-
hensible in the case, when the value is greater a factor of, say, three or more than
the error involved. Neither is any reason for fulfilling any requirement concerning
the length of the period of observation, since the shorter period of observation is
followed by an increase in the error of the reciprocal semi-major axis, as seen from
Part B of the Catalogue. The important criterion, on the other hand, is whether the
distributions of residuals in right ascension and declination are of random character,
which are usually not, unfortunately, investigated by authors of definitive orbits.
If this condition is fulfilled — and it is obviously in most cases — then both the error
of the reciprocal semi-major axis of the definitive orbit and that of the additional
correction (being, however, mostly very small compared with the former) have
character of a random variable as well. If, in spite of it, an original orbit of, say,
—0.000060 + 0.000035 (a.u.)! is considered as a hardly hyperbolic orbit, while
another one, of +0.000060 + 0.000035 (a.u.)! as an undoubtedly elliptical, then
there is no reason for publishing the errors of the orbital elements any longer.

To be ‘“equitable” to both elliptical and hyperbolic orbits I compute the pro-
bability of interstellar character of original and future comet orbits. The computation
is based on the Gaussian distribution, characterized by the most probable value,

1 . .
— ] , and the root-mean-square deviation, o'
Qo
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P=1= f exp (—2%)dZ, 26)

— 00

where H is the semi-diameter of the sphere of action of the solar system. As I show
in another paper, unpublished so far, this sphere is strongly deformed, its dimensions
varying at the present time from 0.6 parsec to about 3 parsecs, or from 120,000 a.u.
t0 620,000 a.u. The results are published in Table 14 for original orbits and in Table
15 for future orbits. A probability value is given for each comet with known root-
mean-square error of its definitive orbit and for a few values of H, including an
infinite sphere of action, the most unfavourable event from the viewpoint of inter-
stellar orbits. Table 14 shows that interstellar original orbits have to be conceded to
at least the four following comets: 1886 III, 1899 I, 1944 I and 1960 II. Five other
comets, namely 1890 III, 1893 I, 1911 IV, 1946 I and 1959 III are under strong
suspicion of having interstellar character (probability higher than 0.9) and a number
of other under a weaker suspicion.

As for the future comet orbits a well-known effect is supported that about 40
per cent of the comets investigated will escape from the planetary system into
interstellar space.

A detailed study of the probability distributions of the reciprocal semi-major
axes of original and future comet orbits will be presented in another paper of mine in
the near future.

Most of the derived data, included in the General Catalogue (Parts C and D
completely, some columns of Parts E and F) as well as figures included in some tables
(particularly Tables 14 and 15) were computed on Zuse Z23 computers, of the Com-

puting Centre of the CKD Praha, and of the State Institute for Engine Construction,
Prague.
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Table 14

Probability of interstellar original orbit
Comet
H = 048 pc H = 0.97 pc H =24pc H = o0
1844 11 0.00 0.00 0.00 0.00
1853 III 0.11 0.04 0.02 0.01
1863 1 0.00 0.00 0.00 0.00
1863 VI 0.40 0.33 0.28 0.26
1864 I11 0.00 0.00 0.00 0.00
1873 V 0.00 0.00 0.00 0.00
1880 II 0.09 0.09 0.09 0.09
1882 I 0.00 0.00 0.00 0.00
1882 II 0.00 0.00 0.00 0.00
1886 1 0.87 0.75 0.66 0.59
1886 11 0.00 , 0.00 0.00 0.00
1886 111 1.00 1.00 1.00 1.00
1886 IX 0.01 0.00 0.00 0.00
1889 I 0.40 0.34 0.31 0.28
1889 II 0.00 0.00 0.00 0.00
1890 I1 0.00 0.00 0.00 0.00
1890 III 0.94 0.94 0.94 0.94
1892 1 0.00 0.00 0.00 0.00
1892 11 0.00 0.00 0.00 0.00
1893 1 0.92 0.92 0.92 0.92
1896 1 0.68 0.67 0.67 0.66
1897 1 0.27 0.21 0.17 0.15
1898 I 0.00 0.00 0.00 0.00
1898 VII 0.96 0.79 0.58 0.42
1898 VIII 0.63 0.59 0.56 0.54
1898 X 0.00 0.00 0.00 0.00
1899 1 1.00 1.00 1.00 1.00
1900 II 0.00 0.00 0.00 0.00
1901 I 0.08 0.08 0.08 0.08
1902 I1I 0.35 0.17 0.10 0.07
1904 I 0.00 0.00 0.00 0.00
1904 11 0.11 0.07 0.05 0.04
1905 IV 0.01 0.00 ! 0.00 0.00
1905 V 0.05 0.05 0.04 0.04
1905 VI 0.00 0.00 0.00 0.00
1907 I 0.38 0.29 0.24 0.21
1908 III 0.04 0.03 0.02 0.02




Table 14 (cont.)

Probability of interstellar original orbit

Comet
H = 0.48 pc H = 0.97 pc H = 24pc H = o0
1910 I 0.00 0.00 0.00 0.00
1910 III 0.00 0.00 0.00 0.00
1911 IV 0.97 0.96 0.95 0.95
1912 11 0.00 0.00 0.00 0.00
1914 III 0.90 0.87 0.86 0.85
1914 V 0.25 0.00 0.00 0.00
1915 I1 0.03 0.02 0.02 0.01
1917 111 0.67 0.16 0.03 0.01
1919 V 0.53 0.46 0.41 0.39
1922 11 0.83 0.66 0.54 0.46
19251 0.14 0.08 0.05 0.04
1925 VI 0.00 0.00 0.00 0.00
1925 VII 0.29 0.17 0.11 0.09
1927 IV 0.00 0.00 0.00 0.00
1930 IV 0.00 0.00 0.00 0.00
1932 VI 0.00 0.00 0.00 0.00
1936 1 0.33 0.32 0.31 0.30
1937 IV 0.05 0.02 0.01 0.00
1941 VIII 0.00 0.00 0.00 0.00
1942 IV 0.00 0.00 0.00 0.00
1944 1 1.00 1.00 1.00 1.00
1944 IV 0.86 0.67 0.52 0.43
1946 1 1.00 0.99 0.96 0.93
1946 VI 0.09 0.03 0.01 0.01
1948 1 0.00 0.00 0.00 0.00
1948 XI 0.00 0.00 0.00 0.00
1949 1 0.00 0.00 0.00 0.00
1949 IV 0.00 0.00 0.00 0.00
1950 I 0.00 0.00 0.00 0.00
1951 1 0.01 0.00 0.00 0.00
1953 III 0.00 0.00 0.00 0.00
1954 V 0.00 0.00 0.00 0.00
1955 IV 0.00 0.00 0.00 0.00
1957V 0.00 0.00 0.00 0.00
1958 IIT 0.00 0.00 0.00 0.00
1959 III 0.99 0.99 0.98 0.98
1960 IT 1.00 1.00 1.00 1.00
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Table 15

Probability of interstellar future orbit

Comet
H = 0.48 pc H = 0.97 pc H =24 pc H = o0
1844 11 0.00 0.00 0.00 0.00
1853 III 1.00 1.00 1.00 1.00
1863 VI 0.00 0.00 0.00 0.00
1864 111 0.00 0.00 0.00 0.00
1873 V 0.00 0.00 { 0.00 0.00
1880 11 0.62 0.61 0.61 0.60
1886 1 1.00 1.00 1.00 1.00
1886 1T 1.00 1.00 1.00 1.00
1886 111 1.00 1.00 1.00 1.00
1886 IX 0.16 0.09 0.06 0.04
1889 I 1.00 1.00 1.00 1.00
1889 II 0.00 0.00 0.00 0.00
1890 11 0.00 0.00 r 0.00 0.00
1890 111 0.95 0.95 | 0.95 0.95
1892 I 0.00 0.00 § 0.00 0.00
1892 11 0.00 0.00 ] 0.00 0.00
1893 1 0.98 0.97 ‘ 0.97 0.97
1896 I 0.95 0.95 ‘ 0.95 0.95
1897 1 1.00 1.00 ; 1.00 1.00
1898 I 0.00 0.00 ! 0.00 0.00
1898 VII 1.00 1.00 i 1.00 1.00
1898 VIII 0.00 i 0.00 | 0.00 0.00
1898 X 0.05 ! 0.04 ! 0.04 0.04
1899 I 1.00 1.00 , 1.00 1.00
1900 11 1.00 1.00 | 1.00 1.00
1901 I 0.09 0.09 \ 0.09 0.08
1902 111 0.00 0.00 ‘ 0.00 0.00
1904 I 0.00 0.00 | 0.00 0.00
1904 IT 0.00 0.00 0.00 0.00
1905 IV 1.00 | 1.00 \ 1.00 1.00
1905 V 0.65 | 0.62 ! 0.61 0.60
1907 T 100 | 100 1.00 1.00
1908 111 1.00 | 1.00 ‘ 1.00 1.00
1910 I 0.00 0.00 | 0.00 0.00
1911 IV 0.16 § 0.14 ! 0.13 0.12
1912 11 0.00 | 0.00 ‘; 0.00 0.00
1914 II1 0.96 ‘ 0.95 0.94 0.94
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Table 15 (cont.)

Probability of interstellar future orbit

Comet
H = 0.48 pc H = 0.97 pc H = 2.4 pc H = oo
1914 V 0.00 0.00 0.00 0.00
1915 11 0.00 0.00 0.00 0.00
1917 111 0.00 0.00 0.00 0.00
1919 V 0.86 0.82 0.79 0.77
1922 11 1.00 1.00 1.00 1.00
19251 1.00 1.00 1.00 1.00
1925 VI 0.00 0.00 0.00 0.00
1925 VII . 1.00 1.00 1.00 1.00
1927 IV 0.00 0.00 0.00 0.00
1930 IV 1.00 1.00 1.00 0.99
1932 VI 1.00 1.00 1.00 1.00
1936 1 0.92 0.91 0.91 0.91
1937 IV 0.00 0.00 0.00 0.00
1942 IV 1.00 1.00 1.00 1.00
1944 IV 1.00 1.00 1.00 1.00
1946 1 0.00 0.00 0.00 0.00
1946 V1 0.50 0.29 0.19 0.13
19481 1.00 1.00 1.00 1.00
1948 XI 0.00 0.00 0.00 0.00
1949 1 0.00 0.00 0.00 0.00
1949 IV 0.00 0.00 0.00 0.00
1950 I 0.00 0.00 0.00 0.00
19511 0.00 0.00 0.00 0.00
1953 III 0.00 0.00 0.00 0.00
1958 111 0.00 0.00 0.00 0.00
1959 111 1.00 1.00 1.00 1.00
1960 11 1.00 1.00 1.00 1.00
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Notes on the Catalogue

1) Unpublished by voN REBEUR-PASCHWITZ. In accordance with BiLo and vAN HOUTEN-
GROENEVELD (1960) it was adopted Tosc = T.

2) The KoBOLD orbit is a re-treatment of the observational data originally collected by
FurNEss and WATERMAN (1908). No planetary perturbations have been applied, since the comet
had approached no planet when orbitting round the Sun. The perturbations have not been appre-
ciable and no date of osculation has therefore been published. The middle of the period of observa-
tion is 1886 May 18. ,

3) The perturbations by the Earth were investigated by ZAPPA and found to be within observa-
tional errors. The middle of the period of observation is 1905 December 9.

4) Nothing is mentioned by CamPA as for including planetary perturbations and the date
of osculation. The middle of the period of observation is 1924 July 2.

5) Nothing is mentioned by HAsEGAWA as for including planetary perturbations and the date
of osculation. The middle of the period of observation is 1957 March 9.

6) No root-mean-square error published by CARRINGTON.

7) No root-mean-square error published by VON HEPPERGER.

8) Small planetary perturbations included by voN REBEUR-PASCHWITZ. No detail mentioned.

9) No root-mean-square error published by HORN.

10) No root-mean-square error published by KrRoMM.

11) Neither a root-mean-square error of the reciprocal semi-major axis nor a mean residual
is remarked by BRUCK.

12) Perturbations included. No detail, however, is given by SEDLACEK.
13) No root-mean-square error published by PEISINO and DE CARo.

14) No root-mean-square error published by CAMPA.

15) The value was privately communicated by Dr. MARSDEN (1966).

16) Neither a root-mean-square error of the reciprocal semi-major axis nor a mean residual
is remarked by HASEGAWA.

17) The root-mean-square error given was published in LYTTLETON’s and HAMMERSLEY’S paper
(LYTTLETON, HAMMERSLEY 1963), in a list of 42 comets compiled by B. G. MARsDEN. For another
estimate of the error see MARSDEN (1962).

18) Additional error 40.000014. The total error unknown, see Note 6).

19) Additional error 40.000017. The total error unknown, see Note 7).

20) Not reduced to the barycentre.

21) No additional error in units of the sixth decimal. The total error unknown, see Note 9).

22) Additional error 4-0.000017. The total error unknown, see Note 10),

23) Additional error 4-0.000017. The total error unknown, see Note 11),

24) Lous (1924) gave originally a value of 40.003302. His computations were, however, later
on revised by SINDING (1948) who found a mistake. The value of +0.000692 is that corrected by
SINDING. It is not known how the obvious discrepancy between this corrected value and that
published by GALIBINA could be explained. The catalogue value is, therefore, very uncertain.

25) No additional error in units of the sixth decimal. The total error unknown, see Note 14).
. . . . 1
26) This value was not computed by SINDING. In the mentioned paper the original value of -

is included together with others in a table, based on a list of 21 rigorous calculations of the eccentric-
ities of original orbits, summarized on page 285 of a text-book by GEELMUYDEN and STROMGREN,
named “Loerebog i Astronomi, 2. Udg., Oslo, 1945”°. As mentioned by SINDING, in most of the
21 cases only Jupiter’s and Saturn’s gravitational influences have been considered. In the present
catalogue, the data given in the respective line in columns 2 to 6 are identical with those of VAN
BIESBROECK’S determination, in accordance with a remark by BiLo and VAN HOUTEN-GROENEVELD
(1960).

27) It is not clear how the discrepancy between the values by IANNINI and GALIBINA could

be explained. The catalogue value is very uncertain.

28) The perturbing planets included were communicated to the author privately by Dr VAN

BIESBROECK.
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29) This value was computed by MARSDEN but never published elsewhere (MARSDEN 1966).
Columns 2 to 6 were completed thanks to the data Dr MARSDEN kindly gave at my disposal. Addi-
tional error 4-0.000024. The total error unknown, see Notel6). MARSDEN accounts this value rough
because of the uncertain initial orbit and a short period of integration.

30) Additional error 4-0.000014. The total error unknown, see Note ).

31) Additional error +0.000017. The total error unknown, see Note 7).

32) No additional error in units of the sixth decimal. The total error unknown, see Note 9).

33) Additional error +0.000017. The total error unknown, see Note 10),

34) Additional error 4-0.000017. The total error unknown, see Note 11),

35) No additional error in units of the sixth decimal. The total error unknown, see Note 14),

36) The future values for Comets 1937 IV and 1941 VIII included in Table I of LYTTLETON’S
and HAMMERSLEY’S paper (LYTTLETON, HAMMERSLEY 1963) are misprints (MARSDEN 1966).

The Catalogue does not include Comet 1931 V. The original value was computed by HERGET
(1934b) on the basis of his osculating orbit (HERGET 1934a), but the period of integration was too
short.

The Catalogue does not, in addition, include the future orbit of Comet 1905 VI as computed
by the author (SEKANINA 1966). The step of integration was chosen too large to prevent from
considerable interpolation errors in the course of the integration procedure.
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Obecny katalog privodnich a budoucich drah komet
Souhrn

Obecny katalog pavodnich a budoucich drah komet obsahuje dulezité idaje o pivodnich dra-
hach 81 komet a o budoucich drahdch 70 komet. Navic jsou v katalogu uvedeny i udaje o definitiv-
nich drahédch, jeZz byly vychozim bodem vypodti. V prici jsou ddle srovndny vlastni vypolty
pertubaci s teorii a diskutuje se dosaZend pfesnost a vysledné primérné opravy na planetdrni
perturbace. Analyzuji se rozdéleni Cetnosti zmén energie komet, zpusobené pusobenim planet
a srovnavaji se s vysledky teoretickych uvah. Zévérem je zkoumadna otdzka mozného mezihvézdného
puvodu nékterych komet.

Obwuii kamanoz nepeoHavabHblx U GYOYyUWUx opoum Komem
Pesiome

B Hacrosiuieit pabote npuBoautcss OOt KaTaJlor NepBOHAYANILHBIX M OYAYIIMX OPGHT KOMET,
coJiepIKallMii Ba)KHbIE JaHHbIE O NePBOHAaYaJIbHBIX opbuTax 81 KomeT ¥ o Oyayupx opburax 70
xomeT. Kpome Toro karasor cojiep>Xur JaHHbIe 00 OKOHYATEJIbHBIX OPOHMTaX, C KOTOPBIX HAUYaJIHCh
BbIuuC/IeHusI. [ToapoGHO paccMaTpHBAaeTCsI TOUHOCTh, C KOTOPOH OPGUTHI MOJIYYMJIMCh M IIOCJIE
CpaBHEHHUA NPSIMBIX BBIUHCIIEHUI C TeOpHeH NPHUBOASTCA Pe3yJIBTUPYIOIME CPEeJHHE IIONPaBKH
3a IJIaHeTHbIE BO3MYILeHusI. B farnbHeiieM HCCIIeAYIOTCSE M3MEHEHUST 3HEPTHH KOMET BBI3BaHHbIE
IUIAaHETHBIMM BO3MYILEHUSIMH M CDaBHHMBAIOTCA C DPE3YJIbTaTAMH TEOPDETHYECKHMX PaCCY)KHEHHH.
HaxoHel u3yuyaeTcsa BOIIPOC BO3MOYKHOTO ME)K3BE3JHETO IIPOUCXOXKCHHA HEKOTOPBIX KOMET.
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