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Supplementary Catalogue | of Original
and Future Comet Orbits

ZDENEK SEKANINA
Centre for Numerical Mathematics, Faculty of Mathematics and Physics,
Charles University, Prague

(Received March 11, 1968)

This is the first continuation of the General Catalogue of Original and Future Comet Orbits,
published in 1966. Seven new original and 16 future orbits are included, published or derived in
the course of 1966 to 1968 (February). Fundamental data on both original and future orbits are
now available for 86 nearly-parabolic comets with rigorously derived osculating orbits. The Supple-
mentary Catalogue is arranged exactly in the same way as the General Catalogue. The statistical
relations, however, studied in the 1966 paper, are not repeated, because the supplementary data
can change the earlier conclusions in no substantial way. Instead of this, cometary splits and pos-
sible interference effects of the non-gravitational phenomena in comet motions are briefly mentioned,
as apparently impairing the original and future values derived from the ‘“‘gravitational’” osculating
orbits.

{. Introduction

This is the first supplement to the General Catalogue of Original and Future Comet
Orbits, published by the writer two years ago (Sekanina 1966).

New original orbits for 7 comets and new future orbits for 16 comets have been
computed since. Of the 7 original orbits, six have been derived by Marsden (1968) and
one by Yanovitskaya (1967). Of the 16 future orbits, 9 have been computed by the writer
(Sekanina 1967a), 6 by Marsden (ibid.) and one by Yanovitskaya (ibid.). The new
original and future orbits for Arend-Roland 1957 III replace, respectively, the earlier
approximate original value included in the General Catalogue, and the future value, invol-
ved in the supplementary list enclosed to the Catalogue. The nine future orbits by the
writer fill the empty spots in the General Catalogue: they refer to those comets, for
which the General Catalogue has given the original orbit only. At present there is only
a single comet with the original orbit available, but its future orbit unknown: the Great
September Comet 1882 II. However, this comet does not belong to the group of comets
with extremely distant aphelion distances, and its future orbit is of no interest from our
point of view. Omitting this comet, the General Catalogue with its first Supplementary
Catalogue includes fundamental data on the original and future orbits for 86 nearly-
parabolic comets at present.
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2. Comments on the Supplementary Catalogue |

The arrangement of the presented Supplementary Catalogue is exactly the same as
that of the General Catalogue itself: it consists of six parts, described in Section 9 of
the General Catalogue. Only those data are included in the Supplementary Catalogue,
which complete the General Catalogue, or which replace the out-of-date data of the
General Catalogue. Hence, for example, this supplement gives Comet 1957 V only in
Part F (future orbits), since its osculating and original orbits remain unchanged, as
published in the General Catalogue.

No statistical discussion of the extended material is included. The writer prefers
to postpone the re-discussion of the conclusions from Sections 3 to 6 and 10 to 11 of the
General Catalogue till the time when the number of comets exceeds at least 100. The
probability parameters of the interstellar character of the new original and future orbits,
however, are included in Tables 1 and 2. They are computed from (26) of the General
Catalogue and complete its Tables 14 and 15, respectively.

The list of references of the Supplementary Catalogue includes among others also
Stromgren’s pioneer paper from 1914, many times referred to in the General Catalogue,
but omitted by mistake in its reference list.

3. Determination of the original and future orbits and the existence
of non-gravitational phenomena in comet motions

The writer has recently suggested that the non-gravitational impulses upon comet
nuclei, originated by the explosive activity of cometary materials, can impair the de-
terminacy of the original and future orbits. Cometary splits are a telling demonstration
of the existence of detectable non-gravitational forces. As a matter of fact, the original
orbit should be integrated backward from the moment just before the non-gravitational
mechanism starts acting, the future orbit forward from the moment just after the mecha-
nism stops acting.

The major axis of the orbit is affected by the component of the non-gravitational
forces along the orbital-velocity vector. Denoting the respective component of the
comet’s velocity increment wy (in m/s), positive if directed in the same sense as the
orbital velocity, negative if directed in the opposite sense, the contribution of a non-

gravitational effect to the change in the inverse semi-major axis is given by (Sekanina
1967b):

An (i> ——95 %Y 106 AU, (1)
a V"n

where rp is the solar distance of action of the non-gravitational mechanism (in AU).

Numerical data available show that 4, (—‘11—) can in some cases reach values comparable

in order with those of (1/ab)orig Or (1/an)rut, and, consequently, should be taken into

account whenever possible.

Together with the presented Supplementary Catalogue I, the General Catalogue
includes now 4 split comets with the original aphelion distances greater than 10,000 AU.
The possible effect of the splitting forces on the total orbital energy of three of them,
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Table 1

Probability of interstellar original orbit
Comet 048 H — 097 H — 24 1 o Note
pc pc | pc - -

|
1947 1 | 0.00 0.00 0.00 0.00 |
1947 V1 0.00 0.00 0.00 0.00
1954 VIII 0.00 0.00 0.00 0.00
1957 111 1.00 1.00 1.00 1.00 (1/av)orig = —0.000106 + 0.000005

082 0.73 0.66 0.62 ' (1/av)orig = —0.000010 + 0.000033
1957 V1 | 0.16 0.00 0.00 0.00
1959 IV . 0.00 0.00 0.00 0.00
1959 X 0.00 0.00 0.00 0.00

Table 2
Probability of interstellar future orbit }
Comet e Note

;H:0.48pc H =097pc| H=2.4pc H = ‘
1863 1 0.00 0.00 0.00 0.00
1882 1 0.00 0.00 0.00 0.00
1905 VI 0.00 0.00 0.00 0.00
1910 III 0.00 0.00 0.00 0.00
1941 VIII 0.00 0.00 0.00 0.00
1944 1 1.00 1.00 1.00 1.00
1947 1 0.00 0.00 0.00 0.00
1947 V1 1.00 1.00 1.00 1.00
1954 V 0.39 0.20 0.12 0.08
1954 VIII 0.05 0.03 0.02 0.02
19551V 0.00 0.00 0.00 0.00
1957 111 1.00 1.00 1.00 1.00
1957V 0.00 0.00 0.00 0.00
1957 VI 0.00 0.00 0.00 0.00 for both nuclei
1959 IV 1.00 1.00 1.00 1.00
1959 X | 0.00 0.00 0.00 0.00

Swift 1899 1, Kopff 1905 IV and Mellish 1915 II, have recently been discussed by the
writer (Sekanina 1967b). The fourth comet is Wirtanen 1957 VI, the osculating orbit of
which has been studied by the writer (Sekanina 1968a). The pre-split orbit of this comet
is very uncertain, and no trustworthy original value can be deduced from it. However,
the few pre-split observations of the comet can be satisfactorily linked with the post-split
positions of nucleus A4 (the brighter one), indicating that this nucleus was exposed to
nearly no detectable impulse during the process of separation. On the other hand,
nucleus B — the weak companion — was expelled from the primary nucleus at a measur-
able velocity, but in the direction nearly perpendicular to the orbital-velocity vector,
producing thus just a small change in 1/a.
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Another comet of interest is Arend-Roland 1957 III. This comet gives a well-
defined interstellar original orbit, with the hyperbolic excess more than 20 times as
large as the error involved. The distribution of the position residuals from the osculating
orbit, however, is not quite satisfactory, indicating a progressive change in the osculating
value of the major axis. If the original orbit is derived from the pre-perihelion arc of
orbit only, the interstellar character of the comet’s origin becomes doubtful in view of
the possible action of stellar perturbations (Sekanina 1968c).

Earlier, a similar anomaly, but opposite in sign, was mentioned by van Biesbroeck
and Marsden (1963) for Comet Burnham 1960 II. Its anomalous motion has recently
been confirmed by the writer (Sekanina 1968b). Unfortunately, the observed arc of orbit
is too short to give definitive values for the comet’s original and future (1/ap)’s with the
non-gravitational corrections involved. In light of what has just been said, however, the
original and future orbits of this comet, given in the General Catalogue, are very uncertain.

All the data, included in the Supplementary Catalogue, which are derived from the
compiled values (Parts C and D completely, some columns of Parts B, E and F) as well
as the data in Tables 1 and 2 have been computed on a Minsk 22 computer of the Centre
for Numerical Mathematics, Prague.

The writer thanks to Drs Marsden, van Biesbroeck and Yanovitskaya for sending
him their results in advance of publication.

The second supplement to the General Catalogue is planned to appear about 1971.
The writer repeats his request (published on Circular IAU No 2041) to computers of
original and future orbits that they send him their results as soon as possible in the future.

Notes on the Supplementary Catalogue

1) Some columns have been completed thanks to the data Dr van Biesbroeck kindly gave at my

disposal.

2) This value has been derived from all the observations available. The pre-perihelion positions

give separately (1/a)osc = —0.000692 + 0.000033, the post-perihelion observations (1/@)osc =
= —0.000796 + 0.000019. The late 1957 and 1958 observations yield even a stronger hyperbolic

excess, suggesting a systematic non-gravitational increase in the comet’s orbital energy throughout

the observed arc of orbit.

3) This value has resulted from the linkage of the pre-split observations with the nucleus 4 po-

sitions after the separation. For the nucleus 4 orbit I have found (1/a@)osc = —0.000678--0.000007,

for the nucleus B orbit (1/a)osc = —0.000672 + 0.000008.

4) I thank to Dr Marsden for his kind calling my attention to van Biesbroeck’s determination of

this orbit and to him and Dr van Biesbroeck for sending some details on the resultant orbit.

) The pre-perihelion osculating elements lead to the original value of —0.000010 4 0.000033.

6) This value has resulted from the osculating orbit tabulated in Parts A and B.

7) The post-perihelion observations lead to the future value of —0.000620 4 0.000019 or even

a more hyperbolic one.

8) This value refers to nucleus 4. It has been derived from the respective osculating orbit mentioned

in Note3). For nucleus B we find (1/ab)tt = +0.000160 4 0.000008.

9) This difference refers to the osculating (1/a) mentioned in Note 3) (for nucleus A), not in Part B.
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