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LONG TIME ORBITAL DYNAMICS OF DUST GRAINS FROM COMETS: ENCKE AND HALLEY 
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A program is underway to study the dynamics of dust grains with diameters that range from 10 to 200 
microns which have as their o+ source cometary bodies. This is an extension of studies which followed 
the orbital evolution of particles in the plane of the solar system where the sources were taken to be more 
asteroidal in nahm [I]. For particles in the micron to millimeter size range radiation pressure with the 
assodated Popting-Robertson (PR) drag and solar wind drag are important. The orbital motion of dust 
particles when radiation forces alone are a* is already well understood [Z]. Combining gravitational and 
radiation perturbation forces leads to quabtively more complex long time orbital evolution [l,3]. 

The numerical experiments are carried out with a computer model where the equations of motion of a 
dust particles are integrated in inertid cartesian coordinates with the Bulirsch-Stoer method [4]. The 
planets are propagated in Keplerian orbits. The particles are assumed to be spherical black bodies of density 
1 gm/sc subject to gravitational, radiation and solar wind perturbation forces. The particles are released at 
the comet's perihelion with zero relative velocity. 

Radiation forces produce two effeck One is quick and is very noticeable for cometary particles, that 
is radiation pressure will cause a sudden change in the shape of the particle orbit as it leaves the comet 
parent body. Then the particles begins to spiral in towards the sun decelerated by Poynting-Robertson drag in 
a central force field whose strength is reduced by radiation pressure. This orbital decay starts from an orbit 
with a semimajor axis that can be  subs^ bigger than that of the parent comet. The radiation m d e d  
orbii for particles released from perihelion from comet Encke are shown in 1 as a plot of size versus 
semimajor axis. 

Flgure 2 summarizes an overall picture of particle evolution from comet En&. It shows the spiral-i~ 
lifetime of particles orighting from Encke. As noted by Gustafson , Mkoni, and Rusk, [3] there is a trend 
for the lifetimes to be shortened by the action of perturbations of the planets as compared the PR lifetime 
acting alone. However for this sample of 10 particles trappings in the 21 and 3:l orbit-orbit resonances 
enhanced the lifetimes of some the partick 

Comet En& &cles are, in genefan, under the influence of Jupiter for most of their orbit history. 
Particles m the size range from 8 to 25 miaons overlap Jupite4s orbit, those from 25 to 60 microns have an 
aphelion that k near enongh to be strongly perturbed. Thus there will be both periodic perturbation of 
orbital elements and sudden changes due to dose approaches with Jupiter. Of particular interest are captures 
into inner and outer orbit-orbit resonances. 

Figure 3 is a plot of a portion of the orbit evolution of the semimajor axis for 4 particles. The 10 
micron particle was injected directly into an outer resonance 21 with Jupiter. The 8 micron particle 
underwent orbit decay into a 1 :1 resonance with Jupiter, this was a particularly long lived resonance trap 
lasting about 80,000 years, the inner l2 resonance with Jupiter trapped a 20 micron particle for also about 
80,000 years. A 45 micron radius grain was directly injected into an inner l.3 resonance with Jupiter which 
lasted about 10,000 years. Resonance trapping by Jupiter is thus seen to be the major factor effecting the PR 
orbital decay time as shown in Figure 2 

It has also been found that particles released at different positions around the arc of perihelion, 
that is at different phase angles, will participate in general m the k2 resonance trapping. 

Another orbital class of particles released from Encke are boosted orbits. It was observed that a 25 
and 26 micron particle were lofted by Jupiter to orbits with larger perihelion distances than En&e and 
sizable semimajor axes. These then become long lived if somewhat erratic orbits which can be followed for 
hundreds of thousands of yean, sometimes leading to complete ejection of the particle from the mlar system, 

Particles from Comet Halley are released into retrograde orbits and evolve in complex orbits. Some 
particles undergo fairly normal orbital decay until the later stages of their evolution where eccentricity and 
inclination can oscillate erraticallyY Some orbib are boosted particles as desgl'bed above. Unusual orbit 
orbit resonances can also occur, h Figurt 4 is a 55 micron radius particle that appears to be caught in first 
a 120 and then a 1:10 exterior resonance with Jupiter. The particle is first trapped in the k20 resonance 
where its inclination is decreasing while its eccentricity decreased, it is then trapped in the k10 resonance 
where at first the inchation is increasing then decreasing then increasing. This gives the unusual situation 
of an exterior resonance with eccentricity that is both increasing and decreasing. 

Orbital evolution of dust particles from comets revels that gravitational perturbations have 
consequences for spiral-in lifetimes due to sweeping through resonance. Collisions and sputtering timescales 
of particles also iduenced. Boosts and perturbations of orbital evolution will have consequences for the 
spatial distribution of dust particles in the solar system. 
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