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EARTH ENCOUNTER VELOCITIES AND EXPOSURE AGES OF IDPs FROM ASTEROIDAL AND 
COMETARY SOURCES. G.J. FLYNN, Dept. of Physics, SUNY-Plattsburgh, 
Plattsburgh, NY 12901. 

The detection of infrared emission from dust in the asteroid belt ( 1 )  
and in cometary orbits ( 2 )  indicates that both asteroidal and cometary 
sources contribute to the interplanetary dust cloud. By examining the 
orbital evolution of dust from each of these sources we can determine the 
earth encounter velocity (and thus the mean heating on atmospheric entry) and 
space exposure age (and thus the expected solar flare track density) of 
particles from each source. A comparison with the properties of IDPs 
collected in the stratosphere may allow assessment of the relative 
contributions from each source. 

Poynting-Robertson drag will perturb dust particles from each of these 
sources into the inner solar system. In modeling the orbital evolution dust 
particles are assumed to be released into the same orbit as the parent body. 
This orbit is allowed to evolve under the influence of Poynting-Robertson 
drag using the equations developed by Wyatt and Whipple ( 3 ) .  The earth is 
assumed to move in a circular orbit in the ecliptic plane. 

Dust emitted from parent bodies in nearly circular orbits will s~iral 
into the sun under P-R drag. These particles can only be collected at earth 
during the brief time interval when the orbital radius is within a few earth 
diameters (allowing for gravitational focusing) of 1 AU. The time which 
elapses from emission by the parent body to the passage through 1 AU (the 
space exposure aye at collection) is given by: 

T = 7 . 0 ~ 1 0 ~  s p (a2 - 1 )  years 
where s i s the particle radius in cm, p i s the density in gm/cm3 and a is the 
radius of the orbit of the parent body in astronomical units. 

If the orbit of the parent body is in the plane of the ecliptic the 
relative velocity (v' - v earth) at collection is essentially zero. 
Since the particles would be accelerated by earth's gravity thev would enter 
the atmosphere with approximately earth escape velocity (-11 km/sec). If the 
parent body is in an orbit inclined at an angle 8 to the ecliptic plane the 
relative velocity at collection would increase to: 

Vrelative = (29.6 km/sec)[2(1-cos%)] 1 / 2  

For dust particles initia! ly in elliptical orbits the effect of P-R drag 
is to decrease the aphelion of the orbit with only a small reduction in the 
perihelion until the orbit is nearly circular. The particle then spirals 
into the sun. Although the space exposure ages and relative vciocities 
cannot be expressed in closed form for these cases, thev were calculated for 
each comet in Table 1 by allowing the ellipticity and semimafor axis to 
evolve under P-R drag. 

If the perihelion of the initial orbit is greater than 1.5 AU the 
circularization is nearly complete before the perihelion has evolved to 1 AU. 
Particles collected from such sources will have low relative velocities at 
collection. For cometary starting orbits, however, these velocities are not 
as low as from asteroidal sources because of the orbital inclination. The 
orbital lifetimes of these particles are significantlv shorter than particles 
initially in a near circular orbit with the same qphelion. Since particles 
evolving from elliptical orbits spend a greater fraction of their time far 
from the sun, they will generally have lower solar flare track densities then 
particles from main belt asteroids having the same s m c c  exposure time ( 4 ) .  
Cornets Temple I 1  and Kopff are typical dust producers in this category. 
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Dust particles from parent objects in elliptical orbits with perihelia 
less than -1.5 AU will cross the earth's orbit with a significant radial 
velocity, and will have a high relative velocity at collection. If the 
starting orbit is at zero inclination and the perihelion is less than 1 AU 
col lection i s  possible over the entire time span from emission by the parent 
object until the aphelion becomes smaller than 1 AU. However for inclined 
orbits (tvpical of comets) collection is only possible when the passage 
through 1 AU coincides with the crossing of the ecliptic plane. This results 
i a very narrow range of exposure ages for particles of the same density and 
size from a given starting orbit. The encounter velocity will again by 
significantly higher than for the circular orbit case. Comets Giacobini- 
Zinner and d'Arrest, are in this category. If the parent is a in retrograde 
orbit, as in the case of comets Halley and Swift-Tuttle, the relative 
velocities at collection are even higher. 

Certain comets produce no dust which can be collected at earth by simple 
P-R drag orbital evolution from the initial orbit. In the Encke case for 
example, the comet is only 0.6 AU from the sun at ecliptic crossing. The 
effect of P-R drag i s  to reduce this distance as the dust orbit evolves. 
Encke pdrticles emitted with high velocities relative to the parent, or whose 
orbits are perturbed by forces other than P-R drag could be collected. 
However. unless the perturbation was into a circular orbit the relative 
velocitv at collection would be high. 

The cosmic dust particles collected in the stratosphere should include 
samples from both the asteroidal and cometary sources. Solar flare track 
densities which provide a measure of exposure age coupled with chemical and 
mineralogical indicators of atmospheric entry heating (which is proportional 
to the third power of the entry velocity) should allow the proportions of 
cosmic dust arriving from each source to be estimated. 

References: I .  Low, et.al., Astrophy, J., 278, L19 (1984). 2. Sykes, et.al., 
Science, 232, 115-117 (1986).  3. Wyatt and Whipple, Astrophy, J., 111, 134- 
141 (1950). 4. Sandford, S.A.., "Solar Flare Track Densities in 
Interplanetary Particles," Icarus (in press). 

Table 1 
Space Ex~osure Age and Relative Velocity at Earth Collection for 

20 micrometer Diameter. Density I gm/cc Particles 

Parent Object Orbit Space Exposure (years) Relative Velocity (kin)* 

Main Belt Asteroids*" 
2.0 AU Circular 21,000 
3.0 AU Circular 56.000 
3.3 AU Circular 69.000 

Comets (perihelion > 1 AU) 
Giacobini-Zinner 32,000 
d' Arrest 40,000 
Hal ley 24,000 
Swift-Tuttle 110.000 

Comets (perihelion < 1 AU) 
Temple I 1  35,000 
Kopf f 63,000 

Comets (near circular) 
Schwassmn-Wachmann I 245,000 

"Gravitational infall velocity not included 
**Asteroid orbits are taken to have 0 inclination to the ecliptic plane 
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