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IS THE STRATOSPHERIC COSMIC DUST AN UNBIASED SAMPLE Of THE 
INTERPLANETARY DUST CLOUD AT 1 AU? G. J. Flynn, Dept. of Physics, SUNY- 
Plattsburgh, Plattsburgh, NY 12901 

The cosmic dust particles collected from the earth's stratosphere in the 
NASA Cosmic Dust Sampling Program are samples of the interplanetary dust cloud 
at I AU. Whipple's (1967) argument that the interplanetary dust cloud is 
mainly cometary has been used to suggest a cometary origin for most of the 
stratospheric cosmic dust particles (e.g., Fraundorf et.al., 19821, under the 
assumption that the stratospheric cosmic dust is a relatively unbiased sample 
of the interplanetary dust at 1 AU. However the stratospheric cosmic dust 
sample is biased by a variety of factors including: 

I.) earth collection probability -- which increases significantly for 
dust of low geocentric velocity (Opik, 19511, and 

2 . )  atmospheric entry heatinq -- which removes some of the dust with 
high entry velocity by melting or volatilization (Whipple, 1950).* 

Both factors bias the stratospheric collections in favor of the low 
velocity dust component. Other near-earth collections, such as the Long 
Duration Exposure Facility and the proposed Space Station Cosmic Dust 
Facility, are also biased by the earth collection probability factor. 

Examination of the orbital evolution, under the Poynting-Robertson drag 
force, of dust derived from comets and m i n  belt asteroids suggests three 
distinct ranges of geocentric velocity at the collection opportunity for 
particles from the three specific types of sources (Flynn, 1987): 

1. main belt asteroids generate particles collected from nearly circular 
orbits of low inclination having low geocentric velocities (1 5.5 km/s), 

2. comets (perihelia > 1.5 AU) generate particles collected from orbits of 
small ellipticity having moderate geocentric velocities (5.5 to I 1  km/s), 

3. comets (perihelia < 1.5 AU) generate particles collected from highly 
elliptical orbits with high geocentric velocities (, 1 1  km/s). 
The major factor determining the earth collection probability is 

gravitational focusing, which gives rise to an increase in the effective earth 
capture cross-section (A) with decrea ing geoc ntric velocity (Vg), with: 3 A = 7/ I?: (I + Ve /vg2) (Eq. 1 )  
where Re is the radius of the earth, and Ve is the earth escape velocity. 
Thus the earth's effective capture cross-section is 126 times the physical 
cross-section (KR,') for a particle with a I km/sec geocentric velocity. The 
effective capture cross-section is reduced to only twice the physical cross- 
section when the geocentric velocity increases to 1 1  km/sec. Thus the flux of 
particles with low geocentric velocities is enhanced near-earth while the flux 
of high velocity particles remains approximately the in space flux. 

Direct satellite measurement of the flux of micrometeorites near the moon 
(by Lunar Orbiters 1-6). where the gravitational focusing is small, and in 
earth orbit (by Explorers XVI and XXIII) shows a near-earth flux enhancement 
by a factor of 2.3 to 2.8 (Grew and Gurtler, 1971), confirming the existence 
of a significant component of the dust having a low geocentric velocity. 

Although the actual velocity distribution of the micrometeorices arriving 
at earth is not known, velocity distributions for larger meteors have been 
determined. Of these, the Southworth and Sekaniana (1973) radar meteor 
velocity distribution produces a near-earth flux enhancement most consistent 

*Other factors such as dynamic pressure on entry m y  selectively remove the 
more fragile dust at any given entry velocfty, and variations in settling rate 
preferentially concentrate low density dust at the collection altitude. 
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Table I: Fraction of Particles i n  Various Vel~city Rsnges 
Part i c 1 e Source Top of Surviving Space Col 1 ector 
(Based on Velocity) Atmosphere Deceleration (1  AU) Enhancement 
Main Belt Asteroidal 0.30 0.32 0.07 4.6 
Cometary (P 2 1.5 AU) 0.37 0.40 0.33 1.2 
Cometary (P ( 1.5 AU) 0.34 0.28 0.60 0.47 

with that observed by the satellite detectors. 
If we take the Southworth and Sekaniana velocity distribution as 

representative of that for the cosmic dust particles and take the velocity 
ranges previously suggested as indicative of three distinct dust sources, we 
can assess the fraction of the dust from each source at the top of the 
atmsphere (see Table 1). Based on the atmospheric entry heating model 
developed by Fraundorf (1980). about 20% of the 20 ym particles in the comets 
with per i he 1 ion ( 1.5 AU category reach peak temperatures above 1500' K (the 
melting point of fayalitic olivine) on atmospheric entry. These particles are 
likely to be melted or volatilized. Removing these particles, the proportions 
on the stratospheric collectors would be as shown in the "Surviving 
Decelerationw column of Table 1. The fraction of particles in each category 
in interplanetary space at 1 AU can be calculated (following the method 
described by Zook, 1975) by removing the earth gravitational enhancement in 
each velocity increment. This fraction is shown in the space 1 AU column of 
Table I. The "collector enhancement" is the ratio of the fraction of 
particles from one source category surviving atmospheric deceleration to its 
fraction in space at 1 AU. This ranges from 4.6 for particles with velocities 
characteristic of dust from main belt asteroids to 0.47 for dust with 
velocities characteristic of particles from small perihelion comets. 

The calculated fractions are based on the assumed Southworth and 
Sekaniana velocity djstribution and the specific velocity boundaries 
calculated on the basis of Poynting-Robertson orbital evolution to distinguish 
between the source types. Recent work by Gustafson and Misconi (1986) 
suggests that planetary gravitational scattering prior to the collection 
opportunity will cause orbital alterations which might mix some particles 
across these velocity boundaries. Further, the calculations include only the 
effective capture cross-section term of the earth collection probability. The 
collection probability also increases as the orbital inclination and 
heliocentric radial velocity of the collected particle decreases (Opik, 1951). 
These additional terms increase the expected near-earth enhancement of 
asteroidal over cometary dust. However a detailed knowledge of the orbital 
elements s f  the dust, rather than just the entry speed distribution, is 
required to quantify this effect. Thus the true fraction of material from 
each source likely differs from that calculated in Table 1, but the existence 
of a large near earth enhancement of dust with low geocentric velocities, most 
likely from main belt asteroids, seems unavoidable. 
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