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REPORT OF THE WORKING GROUP ON ORBITS AND
EPHEMERIDES OF COMETS FOR THE TRIENNIUM 1967-70

INTRODUCTION

This report has been compiled from information received in response to an inquiry sent by
E. Roemer as chairman of the Working Group to members of the Group (Candy, Kresak, Marsden,
Makover, Sitarski) as well as to twelve others known to be working actively in dynamical study of
comets whose work might not otherwise be adequately represented in the report. Responses were
received from J. L. Brady (Livermore), Candy, Kresak, A. L. Friedlander (Astro Sciences Center,
Illinois Institute of Technology Research Institute), Makover, Marsden, Milet, E. Rabe, Sekanina,
Schubart, and Van Biesbroeck.

Highlights of the triennium include a reasonably satisfactory level of observational activity, al-
though further application of large reflectors would be highly desirable; attainment of a new high
level of predictional accuracy through the more rigorous application of dynamical theory permitted
by the availability of large-scale computing machinery; significant progress in the investigation of
nongravitational effects ; and important studies of the dynamical evolution of comet orbits, including
diffusion of comets from near-parabolic to short-period orbits and resonance effects within the
Jupiter family.

Several specialized symposia and meetings during the triennium have been devoted to dynamical
problems of comets. All-Union Conferences on Comets have been held annually in Kiev, and meet-
ings particularly connected with space missions to comets have been held in the U.S.A. Most
significant, however, is the IAU Symposium No. 45, ‘The Motion, Evolution of Orbits, and Origin
of Comets,” being held in Leningrad just preceding this General Assembly.

I. GENERAL

Most discoveries of new comets during the triennium bear witness to the enthusiasm of amateur
astronomers, particularly the Japanese. Amateurs have also been of considerable help in confirming
relatively bright new objects in instances wherein the discoverer has had difficulty in making ade-
quate observations, or in which considerable time elapsed between date of a photographic observa-
tion and detection of a new object on the plates. Note is taken with satisfaction of the prize offered
by the Astronomical Society of Japan, and of the newly established Comet Medal of the Astronomi-
cal Society of the Pacific.

Early recovery of returning periodic comets and prolonged observation of both periodic and
near-parabolic comets are at least as desirable as ever. The outstanding achievement during this
triennium of K. Tomita, who recovered no less than ten periodic comets during 1967, including
four on the single night of October 5, deserves special mention. Z. M. Pereyra has given valuable
help with observation of comets in southern declinations, including two recoveries and extended
observation of a number of comets not followed elsewhere. The last observations of the recent
sungrazer, 1970 f, White-Ortiz-Bolelli, are an excellent example of Pereyra’s important contributions.
Roemer has had consistent success with the 154-cm Catalina reflector, and particularly, since Oc-
tober 1969, with the 229-cm reflector of the Steward Observatory on Kitt Peak. In instances in which
positional uncertainty has complicated the search for relatively faint objects, important work has
been done by G. A. Tammann and C. T. Kowal, who have had the opportunity to apply the 122-cm
Schmidt telescope of the Palomar Observatory to observation of comets.

Preliminary orbit computations seem to be in a satisfactory state at the present time, thanks in
significant degree, to good computing facilities available to Marsden, who is in the pivotal position
of director of the IAU Central Telegram Bureau at the Smithsonian Astrophysical Observatory.
Note should be taken, however, of the calculations of orbits and ephemerides at the Institute for
Theoretical Astronomy, Leningrad, on behalf of the several Soviet observatories engaged in observa-
tion of comets, and by several individuals, including Candy, S. W. Milbourn, and T. Seki, who have
much more modest computing facilities at their command.
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Calculations of definitive orbits by present standards typically include allowance for perturbations
during the observed arc wherever significant, and a least-squares adjustment that takes account of
all valid observations. Such work is carried on at the major centres, including the Institute for Theo-
retical Astronomy, Smithsonian Astrophysical Observatory, Institute of Astronomy of the Polish
Academy of Sciences, Astronomisches Rechen-Institut, and the Minor Planet Center, Cincinnati.
In some cases important aid is given through a centre to an individual working independently, as,
e.g., between Marsden and Van Biesbroeck.

During the triennium, I. Hasegawa has published an interesting Catalogue of Periodic Comets,
in which alternate sets of elements for each object are presented. Sekanina has circulated the first
supplement to his Catalogue of Original and Future Comet Orbits.

II. ASTROMETRIC OBSERVATIONS

Astrometric observations of comets with astrographs or Schmidt-type cameras are carried on
regularly at Abastumani, Burakan, Berne, Crimean Astrophysical Observatory, Flagstaff (Lowell
Observatory), Klef, Nice, Perth, Pulkovo, Skalnaté Pleso, Tartu, Uccle, Washington, and, among
other amateurs, by R. L. Waterfield (Woolston), and T. Seki (Kochi). Several of the Soviet obser-
vatories receive assistance with reductions from the Institute for Theoretical Astronomy, Lenin-
grad.

The principal contributors having access to long-focus instruments include Z. M. Pereyra (154-cm
reflector, Bosque Alegre Station, Cordoba Observatory for the CNEGH), K. Tomita (91-cm reflec-
tor, Dodaira; 188-cm reflector, Okayama, about 20 nights per year), E. Roemer (154-cm reflector,
Cataline Station, LPL, about 25 nights per year; 229-cm reflector, Steward Observatory, Kitt Peak,
10-20 nights per year?). H. L. Giclas reports that the 183-cm Perkins reflector at the Lowell Observa-
tory has been equipped for photography of moving objects, and some success has been achieved.
The need for observations with powerful instruments such as these is, if anything, greater than ever
as computational standards have risen to permit critical comparison of various theoretical inter-
pretations of nongravitational effects and orbital evolution. Several of these telescopes can reach
objects of 19th and 20th magnitude, and the Steward reflector has played a critical role on several
occasions in reaching objects of magnitude 21.

Note is taken with considerable satisfaction of the progress with redetermination of plate con-
stants for the northern zones of the Astrographic Catalogue. New values, on the system FK4, are
soon to be published in Astronomy and Astrophysics Supplement (cf. A. Giinther and H. Kox,
Astron. Astrophys. 4, 156, 1970). Availability of the new constants will be a definite factor in increas-
ing the accuracy and consistency of the positions from long-focus instruments.

IIT. ORBITS OF SHORT-PERIOD COMETS

By present standards of computation, predictions for returning periodic comets are based on
starting orbits that represent in satisfactory manner all valid observations at the most recent previous
apparition. Allowance for all significant perturbational effects of the major planets is made in arriv-
ing at the predicted orbit and ephemeris. In an increasing number of instances, several apparitions
have been rigorously linked, resulting in determination of, and some form of empirical allowance
for, nongravitational effects. Many recoveries now involve reobservation of the comet within less
than one arcminute of the predicted place. At the principal centres, the procedures to carry out the
necessary computations have been standardized to a considerable degree and are carried out with
the aid of modern digital computers.

For details of specific results for individual objects, including references, it is very gratifying to be
able to refer to the annual reports on comets prepared by Marsden and published in the Quarterly
Journal of the RAS.

The principal new areas of activity (reported in greater detail in Section S of this report) include
analyses of the nature of the nongravitational effects, resonances and librations arising from inter-
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actions with the principal planets and affecting orbital stability, as well as the persistent problem of
the dynamical origin and orbital evolution of the short-period comets.

Another new interest attaches to short-period comets in connection with proposed direct explora-
tion of comets by means of space missions. Orbital analyses of a considerable number of such comets
have been carried out in connection with feasibility studies for missions. Practicable missions fall
into two basic categories, (1) fly-through missions, and (2) rendezvous missions. In the first type the
probe intercepts the comet fairly close to perihelion but passes through with a rather high relative
velocity (of the order of 10 to 20 km sec ™1, typically), spending only a few hours in data-gathering in
the near vicinity of the comet. Farther in the future are the rendezvous missions, in which the probe’s
trajectory is closely adjusted to that of the comet, intercept being achieved near aphelion and the
probe traveling with the comet for prolonged periods of data-gathering during the comet’s physical
development on approach to the Sun. Extremely high standards of accuracy of positional prediction
are required by either type of mission. (For a general discussion see A. L. Friedlander, J. C. Niehoff,
J. 1. Waters: ‘An Interim Report on Comet Rendezvous Opportunities,” Illinois Institute of Technolo-
gy Technical Memorandum No. T-21, November 1969.)

On the observational side, the orbits of several comets of one apparition have been closely in-
vestigated by Marsden with the finding that in some cases renewed searches at current apparitions
can be sufficiently limited in area to give reasonable chance of reobservation of the comet. The
recovery of P/du Toit-Neujmin-Delporte by Kowal as a result of this effort is particularly gratifying.

1V. ORBITS OF NEARLY PARABOLIC COMETS

Definitive orbits have been calculated for several near-parabolic comets of recent years by O. N.
Barteneva, L. M. Belous, R. Branham, Jr., M. A. Mamedov, L. E. Nikonova, Z. Sekanina, G. Van
Biesbroeck, and G. T. Yanovitskaya. More complete details are included in the annual reports
published in the Quarterly Journal of the RAS, to which it is again very satisfying to be able to refer.

Original and future orbits for a number of objects have been calculated by Barteneva, Marsden in
collaboration with Van Biesbroeck, Sekanina, and Yanovitskaya.

Brady reports that he has finished integrating the orbits of all the available near-parabolic comets
that fit his criteria — some 143 objects. He mentionsin particular that a critical value of the osculating
eccentricity stands out prominently. Of those comets with osculating eccentricity above 1.00017,
75 % pick up energy through the effects of planetary perturbations and escape; of those with ¢ below
this value, about 509, escape and 509/ remain bound.

E. Everhart also has studied the changes of energy of near-parabolic comets in passing through
the solar system, more particularly from a statistical point of view. His work is referred to in greater
detail in Section V.

It is clear, however, that the proved presence of nongravitational effects in the motion of many
short-period comets, and in the near-parabolic comets Arend-Roland (1957 III) and Burnham
(1960 1I), complicates the interpretation of original and future orbits computed by purely gravita-
tional representations.

V. THEORETICAL INVESTIGATIONS

Nongravitational effects have been investigated by Marsden in a series of papers that establish
their presence and empirical character. Deviations of the observed motion of 15 out of 18 long-
observed comets from the corresponding rigid representation by gravitational theory have been
definitely established. The principal force component seems in general to be radial; that along the
orbit is roughly an order of magnitude smaller; and no component perpendicular to the orbit plane
is required by observations. There is a correlation between the appearance of the comet and the
magnitude of the nongravitational effects; the two comets of most nearly stellar appearance seem
to move strictly gravitationally. Nongravitational effects generally seem to show a secular decrease in
amount, which leads Marsden to speculations concerning the relationship between comets and
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minor planets. There are, however, significant dynamical differences between comets and minor
planets, particularly with regard to resonance effects and the occurrence of close approaches to
principal planets. An outstanding question relates to apparent changes in nongravitational effects
associated with close approaches to Jupiter. There is some evidence that random and impulsive
effects do occur from time to time, but P/Schwassmann-Wachmann 1, which might be expected to
be the prime candidate to show such effects, in fact does not show them.

Sekanina also has done important work in the area of nongravitational effects, concentrating on
physical models of how such effects may arise. Reference is made to the Bibliography for his
extended series of papers. He concludes that both mass loss from a rotating nucleus and nuclear
splits, either spontaneous or arising from collisions, contribute to observed orbital deviations.
Sekanina also has considered nuclear splits of several comets in a more general context. An interest-
ing finding by Sekanina has been the association of meteor streams, using Harvard radio meteor
data, with certain Apollo asteroids. If this finding can be substantiated, weight would be added
to the idea of evolution of these asteroids from comets, a suggestion put forward long ago by E. Opik.

P. StumpfT is continuing his studies of differential perturbations of comet orbits, the motion of
P/Brooks 2 since 1886 being under particular investigation. Resolution of nongravitational effects
is complicated by the two close approaches to Jupiter during the interval included in the perturba-
tion calculations.

D. E. Gonzales has shown that the solar wind-induced drag on comets is much less than the
mechanical effect of mass loss.

The origin of the Kreutz group of sungrazers has been the subject of study by both Marsden and
Sekanina. Marsden argues rather convincingly that the known members fall into two distinct groups
that very likely arose from tidal disruption of a parent comet near perihelion only one or two
revolutions ago. Observed disruptions of several of these comets near perihelion lend credence to
the suggestion. Sekanina proposes that a parent comet may have been disrupted by collision with
a ‘cosmic projectile’ far from perihelion, or, alternatively, that the group may have arisen through
a glancing collision of two parent comets.

E. Everhart in a series of papers has attempted to allow for selection effects in discovery of long-
period comets to reconstruct the intrinsic distribution of perihelia and magnitudes of the parent
population. Then he has investigated the changes in total energy that arise in passage of members of
such a population of comets through the solar system, first through small perturbations, then through
single close encounters. The aim has been to investigate the mode of the presumed diffusion of
long-period orbits to short-period ones.

G. Sitarski has studied the approaches of the 494 actually observed parabolic comets to the outer
planets, finding that 509, of comets can approach outer planets closer than 1 UA. Orbital changes
were calculated for 62 close approaches. Capture into an elliptic orbit by Jupiter seems to be possible
even for orbits with e as large as 1.5.

E. M. Pittich also has investigated selection effects on discovery, with interesting findings related
to the contribution of photographic discoveries. In a second paper he concludes that sudden bright-
ness changes are a factor in some 8 %, of comet discoveries. Kresak notes that it is intended to extend
the work of Pittich, which is broadly concerned with investigation of the changing population of the
inner zone of comets, to the central problem of the equilibrium between perturbational capture of
comets from outside, on one hand, and ejection and disintegration in the inner part of the solar
system, on the other hand.

H. I. Kazimirchak-Polonskaya is continuing her investigations on evolution of orbits of some
45 short-period comets in the interval 1660-2060, with the aim of clarifying the role of outer planets
in this evolution. N. A. Beljaev also has contributed substantially to this investigation.

Cometary motion in the outer solar system has been the subject of investigations by Chebotarev
and, more recently, by Sekanina. Both have been interested in the sphere of action of the solar
system and perturbations of comets of the Oort cloud by nearby stars.

Hamid, Marsden, and Whipple have investigated the influence of a hypothetical comet belt
beyond Neptune, both in its possible influence on motions of periodic comets and on the motions
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of Uranus and Neptune. A not very restrictive upper limit to the mass of such a belt of one Earth-
mass within 50 UA from the Sun has been found.

Hamid and Whipple have searched for evidence of P/Encke in ancient records, especially the
Chinese. They have computed the gravitational position 2500 yr into the past as the basis for
identification of possible observations, but uncertainties remain as a consequence of unknown
nongravitational effects.

VI. COMPUTING TECHNIQUES

Various developments in computing techniques have been implicit in the programming necessary
to carry out the orbit determinations, perturbation calculations, and adjustments of elements
already referred to as a part of the rigorous application of gravitational theory to the motions of
comets. Many of these are described incidentally in the principal papers indexed in Section 5 of the
Bibliography.

Makover reports that V. F. Myachin and O. A. Sizova have worked out and programmed a
method of simultaneous integration of equations of celestial mechanics, based on ideas by Teylor
and Steffensen. In this method each comet coordinate is expanded into a series containing, instead
of high-order differences of the function f, the derivatives to any order. The method is particularly
suitable for integrations carried out with a variable step. Makover also reports the work of G. T.
Yanovitskaya, who has derived a set of formulae for the method of variation of arbitrary constants
for the case of nearly parabolic motion.

E. ROEMER
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