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Dust grain orbits about the Sun tend to shrink in size with increasing 
time due to orbital energy dissipation caused by Poynting-Robertson drag and 
solar wind drag. If the grains are not gravitationally ejected from the 
solar system or destroyed by collisions they will drift into orbital period 
resonances with one or more of the planets where they will often be trapped 
(1). Figure 1 depicts the evolution in time of the semi-major axis, a, of a 
100pm radius black body dust grain, of mass density 1 g/cm3, that was 
released at zero relative velocity from asteroid Hungaria at perihelion. 
Hungaria's orbital parameters are a = 1.944 AU, e = 0.074, and i = 22.5O. 
Besides radiation pressure and the drag forces, only the gravitational 
forces of the Sun and the five inner planets were considered in this 
numerical simulation. 

After approximately 120,000 years of orbital evolution, it is seen that 
the semi-major stops decreasing and remains nearly constant with time for 
the next 36,000 years, after which the grain continues on its inward spiral 
toward the Sun. During this 36,000 year period, the particle is trapped 
into a 3:4 exterior orbit-orbit resonance with the Earth, where the particle 
orbits around the Sun three times while the Earth orbits four times. The 
grain's orbital inclination remains near 22O during the trapping period. 

Figure 2 represents a projection of this dust grain on the ecliptic 
plane every 4.31 years in a heliocentric coordinate system that rotates with 
the Earth's orbital motion about the Sun (only the central 33,000 years of 
the interval that the particle is in the 3:4 resonance trap is shown). 
Figure 3 depicts a similar situation for a low eccentricity 30pm radius 
grain during its period of being trapped in an external 5:6 resonance with 
the Earth. Figure 4 shows the time history of the ecliptic projection of a 
30pm radius grain emitted at perihelion from Temple 2 (a = 3.035, e - 0.545, 
i = 12.4O) that was injected directly into an interior 2:l resonance with 
Jupiter, with an aphelion that intially overlaps Jupiter's orbit. The 
coordinate system now rotates with Jupiter, instead of with Earth. 

It is clearly seen in Figures 2-4 that, while dust grains are in a 
resonance trap, they are never very near the shepherding planet and, in 
fact, leave a "gap" there. If it is imagined that dust grains are 
continually being trapped throughout time into one or another of the 
resonances, then Figures 2 through 4 could represent "snapshots" of 
ensembles of "trapped" dust grains relative to the shepherding planets. 
That is, this is how the rings would appear to an external observer. In 
actuality of course, the ring gaps will be partly filled in by particles 
that are not in a particular resonance trap or that were never trapped. 

Finally, one notes that because the Earth and Jupiter have somewhat 
eccentric orbits, it is possible that not all orientations of the lines of 
apsides of the trapped grains will be permitted while the grain is trapped. 
In that case one would only observe "ring arcs" instead of the complete 
"rings" shown in Figures 2, 3 and 4. These phenomena have earlier been 
studied for particles resonantly trapped into rings, or ring arcs, around 
the major planets (e.g. 2, 3). 
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Figure 1. semi-major axis, a, in Figure 3. Diagram similar to 
AU versus time in years for a loop* Figure 2 for a 30pm radius grain 
radius grain released from asteroid while it is trapped in an external 
Hungar ia . 5 : 6  resonance with the Earth. 
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Figure 2. Projection on the 
ecliptic plane every 4.31 years of 
the Hungaria dust grain during the 
central 33,000 years that it is 
trapped in a 3 : 4  resonance with the 
Earth. This coordinate system 
rotates with the Earth with the Sun 
at the center of the diagram and 
the Earth at X = 1, Y = 0. 

Figure 4. Diagram similar to 
Figures 2 and 3  for a 30pm radius 
grain from Comet Temple 2 trapped 
in an interior 2 : l  resonance with 
Jupiter. The coordinate system 
rotates with Jupiter, represented 
by the large black dot to center 
right. 
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