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FLUX VS DIRECTION OF IMPACTS ON LDEF BY METEOROIDS AND ORBITAL DEBRIS. 
H. A. Zook, NASA Johnson Space Center, Houston, TX 77058. 

Introduction. The Long Duration Exposure Facility (LDEF) was deployed 
into a near-circular Earth orbit by the Space Shuttle Challenger crew on 
April 7, 1984 at an altitude of 500 km and at an inclination of 28.5 degrees. 
It was retrieved from a lower near-circular orbit (326 km by 337 km) by the 
crew of Columbia on Jan. 12, 1990. Throughout its time in Earth orbit, LDEF 
was stabilized with the long axis continually pointed toward the center of 
the Earth, and surfaces facing perpendicular to this axis pointed constantly 
at fixed angles with respect to the LDEF direction of orbital motion (the 
"apex" direction). These LDEF directional characteristics, in conjunction 
with the nearly 6 years of exposure, permit separation of the meteoroid and 
orbital space debris population, as well as make it possible to derive 
valuable evidence about the actual distribution in velocity of meteoroids 
near the Earth. 

Separation of meteoroids and orbital debris. Even without doing 
compositional measurements of residues in impact craters, it will be 
possible, from the returned impact crater and hole data, to separately 
estimate the impacting fluxes of meteoroids and Earth-orbital debris on LDEF. 
This is primarily because Earth-orbiting space debris particles will be 
limited to quite small radial velocities at LDEF altitudes. For example, for 
a debris particle in an elliptical orbit with a perigee at 170 km above the 
Earth's surface and an apogee at 2000 km altitude, the radial velocity 
component is only 720 m/s at, say, an LDEF altitude of 470 km. Even with the 
debris particle's apogee raised to geosynchronous altitude (35,800 km), the 
maximum radial velocity increases to only 1.9 km/s. Two results that follow 
from such small radial impact velocities are (a) that the orbital debris flux 
on the Earth-facing end of LDEF will be low, and (b) that the debris 
particles will typically strike the end surfaces at highly oblique angles. 
The latter follows because the component of impact velocity parallel to the 
Earth's surface is usually much higher, averaging about 10 km/s (I), between 
the LDEF spacecraft and orbital debris particles. A further result is that 
the small impact rate of space debris that does occur on the ends should be 
equal on each end (except for those few debris objects that are ejected 
toward Earth upon creation and strike LDEF before being captured by Earth's 
atmosphere never to return to space - -  i.e. debris objects that are not in 
closed orbits, and therefore very short lived). Meteoroids, on the other 
hand, will have a relatively large impact rate on the anti-Earth-facing end. 
If one subtracts the impacts observed on the Earth-facing end from those on 
the anti-Earth-facing end, one should obtain a flux - -  due only to 
meteoroids - -  that would be equivalent to the flux of meteoroids that had 
been shielded by the Earth from the Earth-facing end of LDEF. This analysis 
technique is independent of, and quite complementary to, any compositional 
analyses that may be done. 

The distribution of meteoroid velocities. Zook (2) noted that when one 
accounts for precession of the orbit plane of LDEF (about 8 degrees per day), 
and for all the different pointing directions that LDEF assumes in each 
orbit, that a very helpful simplifying assumption can be made: namely, that 
before the LDEF orbital velocity is taken into account, the meteoroid flux 
appears to come equally from all directions relative to the pointing 
direction of any particular LDEF surface (except for those directions 
shielded by the Earth). This assumption does not mean that meteoroids 
actually approach the Earth from randomly distributed directions. It means, 
rather, that each LDEF surface faces in so many different directions during 
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its orbital history that even particles that approach Earth from a single 
ecliptic latitude and longitude relative to the sun would strike all LDEF 
surfaces nearly equally (again, before shielding by the Earth and the LDEF 
orbital velocity are taken into account). Of course, the assumption does not 
perfectly represent the true state of affairs; for example, the apex-facing 
surface never points directly to ecliptic north or south. However, when one 
takes into account the actual broad distribution of meteoroid radiants, the 
assumption should be approximately true. In any case, it is of some interest 
to see what results if the assumption were true. 

Before the LDEF orbital velocity is taken into account, therefore, the 
velocity distribution of meteoroids is assumed independent of direction. 
Limitations of space prohibit giving all the details here, but the problem 
basically simplifies itself to the problem of moving LDEF through a sort of 
rarified "gasn of meteoroids at the LDEF orbital velocity and examining how 
many particles strike each surface, and with what distribution in velocity. 
This effect causes many more meteoroid impacts to occur on the side facing 
spacecraft motion (apex side) than on the opposite side. This effect is even 
more pronounced for Earth orbital debris impacts than for meteoroids. The 
strength of the effect for meteoroids depends on the velocity distribution 
assumed for meteoroids. The effect for meteoroids is given in the Table 
below for each of three velocity distributions. The ratio of meteoroid flux 
expected on the apex-facing surface to the anti-apex-facing surface is given 
below at constant meteoroid mass and at constant crater size (at two 
different crater sizes). Each author cited has carried out his own 
correction of one or another collection of atmospheric meteor data to provice 
an "unbiased" flux-versus-velocity distribution at constant meteoroid mass. 
The numbers in parentheses are the mean impact velocities on the ant-apex and 
on apex facing surfaces, respectively, for each author. 

TABLE: RATIO OF FLUXES AT CONSTANT MASS (OR AT CONSTANT CRATER DIAMETER) 
Velocitv Distribution Used Constant Mass Constant Crater Diameter 

50 um 500 um 
3~ohnanyi (16.3--23.4) 5.7 8 12 

9 5~rickson-~essler (13.4- -21.1) 7.2 11 18 
6~outhworth & Sekanina (11.0--19.5) 9.2 16 30 

The reason that the ratios are higher at a constant upper limit crater 
diameter than they are at a constant upper limit meteoroid mass is because 
impact velocities are higher on the apex side than on the ant-apex side; 
therefore smaller, and cumulatively more numerous, meteoroids can produce a 
given crater diameter on the apex side than on the ant-apex side. The ratio 
is larger when the crater diameter is larger because the meteoroid flux-mass 
curve gets steeper, in this mass range, with increasing meteoroid mass. 

It is concluded that observational impact crater data on LDEF should be 
able to tell us which of the above three meteoroid velocity distribution 
curves is most correct. Or even whether or not they are all wrong. In the 
future it is hoped to obtain the angular distribution with which meteoroids 
are expected to impact each surface. 
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