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PREFACE 

This volume contains abstracts that have been accepted by the Program 
Committee for presentation at the Workshop on Cosmic Dust Collection 
Facility, held in Carmel California, June 29-July 2, 1987. Workshop 
organizers are: W. C. Carey, Chairman (Washington-University), D. Brownlee 
(University of Washington), T. Bunch (NASA/Ames), S. Chang (NASA/Ames), F. 
Horz (NASA/JSC), I. Mackinnon (Univ. of New Mexico), P. Tsou (Jet 
Propulsion Laboratory), and R. Walker (Washington University). 

Logistics and administrative support for the conference was provided by P. 
Jones and L. Turner of the Projects Office, Lunar and Planetary Institute. 

This volume was prepared by the Publications Office of the Lunar and 
Planetary Institute, 3303 NASA Road One, Houston, Texas 77058-4399. The LPI 
is operated by the Universities Space Research Association under Contract 
No. NASW-4066 with the National Aeronautics and Space Administration. 
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ENHANCED SPATIAL DENSITY OF SUBMICRON LUNAR EJECTA IN THE EARTH'S 
MAGNETOSPHERE II: CISLUNAR SPACE TRANSPORT AND DYNAMICS BE'lm:EN L VALUES OF 
1.2 AND 6.1: w. M. Alexander, T. Hyde, w. G. Tanner, Jr., and H. s. Goad: 
Space Science Lab., Dept. of Physics, Baylor Univ., Waco, Texas 76798. 

Analysis /1,2,3,4/ of the orbital dynamics of micron and subadcron lunar 
ejecta in selenocentric, cislunar and geocentric space have shown that a pulse 
of these lunar ejecta, with a time correlation related to the position of the 
moon relating to the earth, earth-lunar phase angle (LPA) as seen in Fig. 1, 
intercepts the earth's magnetopause surface (EMPs). Alexander, et al, /5/ and 
Lily /6/ have shown that a significant enhancement of submicron lunar ejecta 
in the region of the magnetosphere between L values of 1.2 and 3.0 exists. In 
addition, Corbin /7/ has determined that the transport time of these particles 
through cislunar space to the magnetopause surface varies in such a manner as 
to effectively focus the particles due to this temporal variation. For 
example, 0.3u particles that leave the lunar surface when the LPA is about 
1050 will arrive at the earth's magnetopause (EMPs) within 7 days. A O.OSu 
particle released when the LPA is about 155° has a transport time to the EMPs 
of less than 2 days /7/. Thus, a lunar ejecta flux (LEFx) of 0.3 and O.OSu 
particles will arrive at the surface of the EMPs essentially at the same time. 

Range of LPA's for maxJ.mum efiklency 
in the production of lunar ejecta to 
intercept Earth's Magnetosphere 

Sun 

Figure 1. 

When lunar ejecta arrive at the 
EMPs surface, they represent the mass 
leaving the moon at an LPA of 40° to 
170° or about 1/3 of the time of a 
lunar orbit. However, the efficient 
LPA position for lunar ejecta trans-
port with maximum EMPs interception is 
between 80° and 1600 or over six days 
of a lunar orbit time, which is approx-
imately 1/4 of a lunar period. When 
the lunar ejecta mass is intercepted 
at the EMPs boundary, the lunar ejecta 
cumulative flux, LECFx, is at its max-
imum for more than a day, traversing 
an LPA of 1860 to 2000. Thus, a major 
portion of the LECFx of micron and 
subrnicron particles traverses the EMPs 

in a time of slightly more than one day. this represents a focusing effect of 
at least a factor of three, but not greater than a factor of six. The effect 
discussed above is depicted in Fig. 2 and 3 /5/. 

In Fig. 2 /5/, the percent of lunar ejecta intercepted by the EMPs of four 
different size ejecta particles is shown as a function of LPA or position of 
the moon when the lunar ejecta was created. Fig. 3 /5/, shows the percent of 
lunar ejecta that is intercepted at the EMPs surface at essentially the same 
time. The moon is passing through an LPA of 1940 ± 60 during this period. 

An additional factor of major importance to this work is that of lunar 
longitude at the time of impact of a primary particle. While the LPA is the 
major determining lunar position factor, the combination of LPA and longitude 
produces the maximum LECFx onto the EMPs surface. This is demonstrated in 
Table I where all percentages are calculated for the LPA range (in 100 steps) 
from 100 to 1600 /8/. 

The most important factor regarding sensitivity to longitude is the occur-
rence of non-random impact flux events. This is quite noticeable for the . 
periods known as major shower periods /9/. Initially, the LPA will determ~ne 
if these ejecta will be transported to the EMPs surface. For an optimal LPA, 
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2 ENH SPA DEN IN MAGNETO II: L VALUES 1.2 to 3.0 

Alexander, w. M. 

the maximum LECFx will occur when the lunar quarter (by longitude definition) 
is in the most favorable impact position with respect to the meteor shower 
radiant. From Table I, a shower radiant that was essentially normal to the 
3rd and 4th quarter with an LPA near 1100, would result in greater than 90 
percent of the produced ejecta intercepting the EMPs surface. 

LUNAR LONGITUDE 
QUARTER 
lst 
2nd 
3rd 
4th 

60 

TABLE I 
AVERAGE PERCENT MAXIMUM PERCENT 
EMPs INTERCEPT EMPs INTERCEPT 

20.230 63.89 
27.26 77.78 
38.28 94.44 
33.25 90.28 

100 

0.3 J.L 
80 

0.6JJ. 
0.1 J.L 

60 0.05JJ. 

40 

20 

100 
90 

110 
110 

40 80 120 160 200 240 260 40 80 120 160 200 240 260 

Figure 2. Lunar Phase Angle Figure 3. Lunar Phase Angle 

It is generally accepted that particles acquire a charge in the environ-
ment of space. Studies have been made regarding charges particulate matter 
will have including numerous charging mechanisms. When an ejecta particle 
leaves the moon it is initially moving in the solar wind plasma as well as 
being subjected to solar photons. When an ejecta particle passes through the 
magnetopause surface then the intensity of the magnetic field and plasmas 
greatly increases while that of the solar photons remains the same. It is 
possible for the charge on the particle to change sign and magnitude in the 
magnetosphere. Lily /6/ has recently shown that there are conditions in the 
inner magnetosphere where the magnetic and electrostatic forces are such that 
closed orbits may occur as well as a significant amount of mirroring along 
magnetic field lines. This occurs between L values of 1.2 and 3.0. However, 
the gravity gradient effect among others seems to ensure that all of these 
particles will not be permanently trapped but the lifetimes are such that the 
spatial density for the sparodic caused lunar ejecta may easily be a factor 
of 50 or more times that of the same size particle in interplanetary space, 
and that of shower related many times more. 
References: 1. J.Chamberlain, et al, IAU Symposium 190 (1979}. 2. W.M.Alex-
ander & J.Corbin, IAU Symposium 190 (1979). 3. J.Corbin & W.M.Alexander, Adv. 
Space Res. Vol. 1, 103 (1981). 4. W.M.Alexander & J.Corbin, Adv. Space Res. 
Vol. 1, 107 (1981). 5. W.M.Alexander, et al, Adv. Space Res. Vol. 4 1 19, 27 
(1984). 6. L.Lodhi, Ph.D Dissertation, Baylor Univ. (1987). 7. J.Corbin, 
Ph.D Dissertation, Baylor Univ. (1980). 8. T.Hyde, MS Thesis, Baylor Univ. 
(1980). 9. W.M.Alexander & W.G.Tanner, SSPEX Worksnop, 31 (1985). 



ENHANCED SPATIAL DENSITY OF SUBMICRON LUNAR EJECTA IN THE EARTH'S 
MAGNETOSPHERE I: SOURCE CHARACTERISTICS: W. M. Alexander, W. G. Tanner, Jr., 
H. s. Goad and T. Hyde: Space Science Lab., Dept. of Physics, Baylor Univ., 
waco, Texas 76798. 

Particulate matter that exists in the inner regions of the earth's mag-
netosphere has several sources: i.e., interplanetary or cosmic dust, orbiting 
debris resulting from man's various activities in near earth space, particu-
larly the multitude of satellite missions in the last 25 years, and lunar 
ejecta, especially in the micron and submdcron size range. To what extent is 
lunar ejecta a component of particulate matter in the inner magnetosphere? 
To answer this question, the physical and dynamic characteristics of lunar 
ejecta at its source has to be defined as well as possible. 

Initial results from the measurement conducted by the dust particle 
experiment on the lunar orbiting satellite Lunar Explorer 35 (LE 35) were re-
ported by Alexander et al /1,2/ and the data interpreted as indicating that 
the moon is a significant source of micrometeoroids. The primary reason for 
this interpretation resulted from a significant change in the event rate 
detected by the experiment during periods associated with the passage of the 
earth-moon system through the major annual meteor streams. The event rate 
during non-meteor shower periods was the same as the interplanetary rates. 
Also, no enhancement of the event rate for nanogram size lunar ejecta which is 
consistent with the measurements reported by Gurtler and Grew /3/. 

Hypervelocity meteoroid simulation experiments /4,5,6/ have provided 
ratios relating the mass of the impacting particle to the mass of ejecta pro-
duced. Schneider /4/ has found that a 10 mg particle with a velocity of 4 km 
/s impacting at normal incidence would produce ejecta which represented 7.5E-
5 the mass of the incident particle and had a velocity, 3 km/s. Alexander 
/5/ has shown under similar conditions the ejecta mass ratio, e, would be 
higher by an order of magnitude (e = 5.0E-4). A recent study by Zook, et al, 
/6/ reported that oblique angle impacts would produce 200 to 300 times more 
microcraters (diameters = 7 urn) on ejecta measuring plates than would be pro-
duced by normal incidence impacts. Given that 7 urn diameter microcraters 
correspond to particles with m = 1E-12g /6/ and that the impact velocity was 
6.7 km/s, one may infer that the fraction of ejecta mass with lunar escape 
velocity would also increase by 200 to 300 times (e = 1.5E-2). These three 
values for the "ejecta to incident particle mass" ratios are errployed to 
establish the total lunar ejecta mass after the interplanetary flux at 1 AU 
has been determined. 

Three recent dust flux models are used for the basic calculations that 
are reported in this paper. The first was given by McDonnell /7/. The second 
one is that of Grun, et al /8/, followed by the flux curve derived from lunar 
crater data as presented by Morrison and Zinner /9/. The first two curves in 
Fig. 1 are based primarily on in-situ measurements in space and are seen to be 
quite similar for cumulative masses >1E-12g. The most pronounced similarity 
which can be observed is the mass distribution index of both curves. One can 
observe that for masses <1E-12g, the divergence between the three mass models 
appears to be most drastic. Attention has been given to the variations in the 
cumulative flux of submicron particles suggested by these models. In summary, 
a bimodal particle distribution may exist near the moon, especially where the 
in-situ measurements are in selenocentric space. The Log differential mass 
flux vs. Log mass curves derived from the three mass models depicted in Fig. 1 
are shown in Fig. 2 /10/: the total mass flux of sporadic meteoroids impacting 
the lunar surface is determined and given in Table I. The information con-
tained in Table I provides the initlal basis for a model of the ejecta mass. 

3 



4 
ENH SPA DEN IN MAGNETO I: SOURCE CHARACS 

Alexander, W.M. 

•II ·l· •l4 -lit •LD .. -1 •4 -e D It 
Figure 1. Log Mass (grams) 

•I 

-4 --. -1 

E -e 

•II 

•24 
c _,. 

•JI 

-Ill 

-•• -l• ·l4 -• •ll -• -e ·4 -• a e 
Figure 2. Log Mass (grams) 

TABLE !:LUNAR SURFACE TABLE II:MASS DISTRIBUTION INDEX 
Model Mass Flux Total Mass 

g/m2 sec g/Day 
McDonnell 2.5E-12 a.3E+6 Richards /12/ o.al 
Grun 5.5E-13 l.aE+6 Alexander & Corbin /13/ o.a3 
Morrison-Zinner 2.4E-13 a.OE+5 Zook, et al /6/ o.al 

Initial determination of mass index factors and ejecta cumulative flux 
distributions from hypervelocity stodies was reported by Alexander & Tanner 
/11/. The mass index is given in Table II. The major difference in the 
early results, Richards /12/ and Alexander & Corbin /13/ and those of Zook 
/6/, is in the total amount of micron size ejecta mass. 
TABLE III:TOTAL EJECTA MASS (g/m2 sec) Given the total ejecta mass 
Ref /13/ and McDonnell Model 1.25E-15 of interest and the mass distri-
Ref /6/ and McDonnell 2.5E-13 bution index, the cumulative flux 
for the ejecta leaving the moon's sphere of influence can be estimated. This 
flux can be compared over the ejecta mass range to that of the sporadic mic-
ron cumulative flux. The ejecta spatial density near the lunar surface is 
given for comparison to that of interplanetary dust flux in Table I. Using 
the mass flux of Table III and ejecta velocity near the lunar surface of 
3 km/sec, Ref /6/ and McDonnell, the spatial densities of the two results in 
Table III are 4E-19 g/m3, Ref /12,13/1 and aE-17 g/m3, Ref /6/. The above 
results show that the lunar ejecta spatial density /12,13/ near the lunar 
surface is essentially the same as the incoming interplanetary dust spatial 
density of 3.2E-19 g/m3 over the same range of mass. In the second case /6/, 
the ejecta spatial density is greater than that of the interplanetary dust 
over the same range of mass. The above information defines the lunar ejecta 
source and is used for the earth ejecta computations. 
References: 1. W.M.Alexander, et al, Space Res. X, 252 (1970). 2. W.M.Alex-
ander, et al, Space REs. XIII, 1037 {1973). 3. C.A.Curtler and G.W.Grew, Sci. 
161, 462 {1968). 4. E.Schneider, The Moon, 131 173 {1974). 5. W.M.Alexander, 
Ph.D Dissertation, Univ. of Heidelberg, (1975). 6. H.Zook, et al, Lunar & 
Planet. Sci. XV, 965 (1984). 7. A.McDonnell, et al, Nature, 1309, 237 (19a4). 
a. E.Grun, et al, Lunar & Planet. Sci. XIV, 267 (l9a3). 9. D.Morrison & E. 
Zinner, Proc. Lunar Planet. Sci. Conf. a, 846 (1977). 10. W.M.Alexander, et 
al, Adv. Space Res. Vol. 4, 19, 23 (1984). 11. W.M.Alexander & W.G.Tanner, 
SSPEX Workshop, 2a (l9a5). 12. M.Richards, MS Thesis, Baylor Univ. (1975). 
13. W.M.Alexander & D.Corbin, Space Res. XIX, 453 {1979). 



SPATIAL DENSITY AND TRAJECTORY OF SUBMICRON PARTICLES IN THE 
INNER REGIONS OF THE EARTH 1 S MAGNE'IOSPHERE: AN ADAPTATION OF THE CODEM 
EXPERIMENT; w. M. Alexander, w. G. Tanner, Jr., H. s. Goad and T. Hyde; 
Space Science Laboratory, Department of Physics, Baylor University, 
waco, Texas 76798 

A Cometary Dust Environment Monitor experiment, CODEM, is one of the 
experiments on the Comet Rendezvous and Asteroid Flyby mission of NASA /1/. 
The instrument will be explained briefly with particular attention to that part 
part of the system that has meaning to an inner magnetosphere dust particle 
measurement. 

The two papers at the workshop which have dealt with the characteristics 
of submicron particles, including lunar ejecta, are the basis for proposing 
a series of experiments to investigate the enhancement or trapping of sub-
ndcron particulates near the earth. The subsequent interaction of this mass 
with the upper-lower atmosphere of the earth and possible geophysical effects 
can be studied. 

The scientific objectives of an experiment using CODEM like instrumenta-
tion are: 

a. The particle flux from cislunar space 
b. Continuous monitoring of the subrnicron flux at a space station 
c. The variations in dust population indices in low earth orbits 
d. The electrostatic charge on dust grains in the inner magnetosphere 
e. The mass and velocity of incident dust particles 
f. Dust acceleration by plasma and radiation effects 

ES Qarge 
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Mass Range (g) Detection Accuracy 
lOm/s lOOmis 20km/s Range 

~ 4 ~ 4 ~ 4 -15 ·13 Velocity± 10% 
ES lXlO -to 1X10 - 10 lXlO - 10 10 -10 c Charge±lO% 

PVDF 4X10 - 10 
4 .. -7 

7X10 - 3X10 
·12 -10 ·13 ·11 2 10- 2.SX10 10 - 10 c mv ±20% 

SXl0-10
- SX104 sxto·11

- sxto"' 3X10·1.!_ 3X10 .e 
PZT 2 iJ.V-lOV mv±30% 

-12 .a 
(SXlO -10 Ns) 

·12 .a 
(5X10 - 10 Ns) 

-12 .a 
(SXlO - 10 Ns) 

Reference: 

1. w. M. Alexander, et al, Principal Investigator Instrument Proposal 
in response to NASA AO.OSSA-3-1985, Baylor University (November 1985) 



COLLECTION OF INTERPLANETARY DUST PARTICLES BY 
HYPERVELOCITY IMPACT INTO LOW DENSITY MEDIA 

William W. Anderson and Thomas J. Ahrens 
Division of Geological and Planetary Sciences, California Institute of 
Technology, Pasadena, CA 91125. 

One possible way to collect small particles at high encounter 
velocities is to dissipate their kinetic energy over a long path length 
by allowing them to impact very low density materials such as foams 
[1,2,3]. Because of the high energies involved, a knowledge of the 
effects on the impacting particles is vital to evaluation of the 
usefulness of this technique to a particular application. One 
application is the sampling of interplanetary dust particles (IDP's) by 
spacecraft. A number of experiments have been performed to study 
various candidate tar~et materials [1,2,4], but theoretical studies are 
also important because they allow identification of the properties which 
characterize a suitable target material. Theory is also important to 
extrapolations to tar~et •aterials or conditions for which experimental 
data do not exist. 

The basic physical principles of iapacts into low density 
•aterials have been discussed previously [3]. Our current •odel 
improves on the previous, relatively simple aodel developed for 
polystyrene foam targets. The current aodel is •ore quantitatively 
accurate, allowing extrapolation to •aterials for which experimental 
data do not exist. The pri•ary changes differences between the current 
•odel and its predecessor are the use of the Percus-Yevick (PY) equation 
of state in the current •odel to estiaate the temperature of the shocked 
target material, as opposed to the previously used Vander Waals 
equation of state; and consideration of aelting as the primary ablation 
process, rather than vaporization. The justification for the second 
change is that, for the pressures and teaperatures at the surface of a 
particle, aost aaterials will exist as a supercritical fluid. One major 
advantage of the use of the PY equation is that it requires knowledge of 
only a single •aterial-dependent property (effective aolecular volume), 
which is relatively easy to estimate. 

Both models yield essentially the same results for aluminum 
projectiles, which have been used in most of the experiments. The 
current model, however, predicts somewhat higher survival rates for 
IDP's relative to the previous model in the absence of fragmentation . 

Extrapolation to Si02-based foam targets indicates that at higher 
velocities, ablation is less severe than for polystyrene foams. Impact 
pressures, however are higher for particles entering Sio2 foams . The 
pressures to which the IDP is subjected are important because of the 
possiblities of fragmentation and shock metamorphism of the particle. 

Fragmentation of i•pacting IDP's is expected to be an important 
process for the high iapact velocities characteristic of spaceflight 
encounters. Many lOP's collected from the stratosphere are fluffy 
aggregates of sub-•icron grains. Such particles would disintegrate into 
their constituent grains •aking up the IDP's when entering the foam. 
More coapact aggregates and single •ineral crystals can fail by shearing 
due to the uniaxial stresses set up in the particles by !•pact. Whether 
fracturing actually occurs depends on whether the stresses exceed the 
shear strength of the particle under the proper conditions of 

7 
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compression or tension. If fragmentation does occur, an IDP would break 
down into smaller particles which are less likely to survive ablation. 

References: 

(1] Werle, v., Fechtig, H., and Schneider, E. (1981) Proc. Lunar 
Planet. Sci. Conf. 12th, p. 1641-1647. 

[2] Tsou, P., Brownlee, D., and Albee, A. (1984) Lunar Planet. Sci . XV, 
p. 866-867. 

[3] Anderson, W. W., and Ahrens, T. J. (1987) Submitted to Proceedings 
of the Workshop on the Multi-Comet Mission. 

[4] Tsou, P. (1986) JPL Interoffice Memorandum 313/4-245-PT:ja. 



NON-DESTRUCTIVE VELOCITY/TRAJECTORY SENSING OF CHARGED 
COSMIC DUST PARTICLES ON THE COSMIC DUST COLLECTION FACILITY, 
s. Auer, Applied Research Corp., Landover, MD 20785 

The determination of velocities and trajectories of cosmic 
dust particles has been recognized as an essential element of 
the Cosmic Dust Collection Facility. An array of highly trans-
parent grids has previously been used in the laboratory, and is 
being considered for possible use on the Cosmic Dust Collection 
Facility, to sense dust particles by the electrical charges they 
carry and to determine their flight directions, locations within 
the array, and velocities, by means of a time-of-flight technique, 
as they pass through the grid array. Because of the high 
transparencies of the grids, most dust particles pass through 
the grid array without any mechanical interaction, before they 
are collected. 

Theoretical predictions and experimental data of charges of 
cosmic dust particles are discussed. Dust charges at Space 
Station altitudes are expected to be extremely small, at a 
potential of approximately -0.4 Volt. To facilitate the 
measurement of such charges, ways of minimizing interferences 
by the ambient plasma, by photoelectrons, and by radiated and 
conducted electromagnetic noise from nearby sources are evaluated. 
The characteristics of low-noise charge amplifiers are reviewed, 
including the merits of transistor cooling, optoelectronic 
feedback and bootstrapping methods. Also, a concept of noise 
reduction is presented using matched filters and coincidence/ 
anticoincidence circuitry, tailored to the proposed sensor. 

Preliminary estimates are given of the minimum particle 
size that can be detected and of the accuracies of velocity, 
trajectory, and position measurements. 

9 



10 

MOLECUlAR ANALYSIS OF IDP' S: AMINO ACIDS AS INDICA'roRS OF THE 
PROGRESSICN OF ORGANIC CHEMICAL EVOLUTION. J. R. Cronin, Department of 
Chemistry, Arizona State University, Tempe, A2 85287 

Organic chemical evolution is a galactic phenomenon. Chemical 
reactions in interstellar clouds provide abundant small molecules such as 
formaldehyde, hydrogen cyanide, and ammonia, that can, in theory, react 
further to form the molecular building blocks of life, e.g., amino acids, 
monosaccharides, alkanoic acids, and purines. carbonaceous chondrites, a 
class of primitive meteorite, provide evidence that many of these 
potentially prebiotic molecules existed in the early solar system. A direct 
precursor-product relationship between interstellar compounds and at least 
some meteorite organic compounds is suggested by recent stable isotope 
(deuterhnn) analyses. It is important to more fully understand the time and 
space relationship between interstellar organic compounds and potentially 
biogenic compounds in meteorites and other solar system bodies. 

Comets are widely regarded as repositories of primordial solar system 
material, i.e., relatively unaltered interstellar grains and condensable 
interstellar gas. Chondritic aggregate type IDPs may be derived from 
comets. If so, these particles should provide important insights to the 
progress of organic chemical evolution prior to, and during, the accretion 
steps of planetary evolution. For example, it would be of great interest to 
know the nature of the macromolecular carbon of native chondritic IDPs, the 
nature of their volatile and/or soluble molecular species, and the isotopic 
composition of both, for comparison with known interstellar and meteoritic 
material. 

Whether organic chemical evolution has proceeded as far in chondritic 
IDPs as in CM chondrites might be assessed by amino acid analysis. The 
advantages of amino acids as a diagnostic criterion include (1) their 
significance in chemical evolution/origin of life research, (2) their unique 
characteristics as found in meteorites, (3) existing criteria for 
recognition of terrestrial contaminants, (4) their relative thermal 
stability, and (5) their relative involatility. On the other hand, both 
their intact recovery from IDPs and their analysis in the expected small 
amounts pose significant technical challenges. 



HYPERVELOCITY CAPTURE OF GLASS MICROSPHERES 

* D.G. Dixon , ESTEC Noordwijk, The Netherlands, M. Rott and U. Weishaupt, 
Lehrstuhl fOr Raumfahrttechnik, Technische Universitat, MQnchen, Federal 
Republic of Germany. 

*Present address: British Aerospace Sowerby Research Centre, FPC267, 
PO Box 5, Filton, Bristol, UK. 

A multiple foil stack has been investigated as a means of capturing 
micrometeoroids with minimal damage. Glass microspheres with diameters of 
typically 100 pm were accelerated up to 8 km/s and collected in a stack 
of 2.5 ~m thick aluminised polyester foils with interfoil spacings of 
approximately 150 um. 

P9st-impact examination revealed that it was possible to retain slightly 
damaged or intact spheres. Sequential measurements of foil perforation 
shapes and debris distribution showed distinct disintegration patterns. 
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Al.J'l\::MATED POINT OOUNT ANALYSES OF 'IHIN-SEX::TIONED METEXRITIC 
MATERIALS USING AN ANALYTICAL ELECIRON MICRQSCX)PE ~UIPPED WI'IH DIGITAL 
BEAM OON'IROL. M. S. Gerrreni and J. P. Bradley, McCrone Assoc1a12s, Inc., 
Westmont, Illinois 60559 

A cosmic dust facility on the SJ:Sce station would provide an excellent 
opportunity for collection of a large number of interplanetary dust 
}:articles (IDP' s) for laboratory investigation. However, an important 
question regarding these IDP' s will be the degree to which they have been 
modified during capture. Studies of Solar Max impact debris tBve suggested 
that some IDP' s are severely traumatized by capture in space, while others 
can survive with minimal heating [1]. A logical way to assess the degree 
of a 1 teration is to compare IDP' s collected in s}:Sce with those recovered 
from the stratosphere. In particular, stratospheric IDP' s with high 
densities of solar flare tracks would provide a firm basis for comparison, 
because they have not been severely pulse heated during atmospheric entry. 

Electron transparent thin-sections of stratospheric IDP's enable 
aQ:~uisition of large data sets of quantitative chemical inforrretion, which 
have already been successfully exploited to make intercomparisons be~n 
different classes of meteoritic materials [2]. A principle disadvantage of 
the method, however, is the time taken to collect e statistically 
significant set of data points from even a single thin section. Recently, 
we tBve used an analytical electron microscope (AEM) equipped with digital 
beam control, which autonetes both point count analyses and data reduction. 
Parameters that can be varied during data aQ:~uisition include the incident 
probe size, x-ray aQ:~uisi tion time (at each data point), the distance 
between points on a thin-section, and the tota 1 number of data points. A 
typical routine can.aQ:~uire ""'840 spectra (on a 29 x 29 grid) together with 
data reduction over an 8-10 hour period. The digital beam control makes no 
distinction between data points falling on mineral grains or pore spaces in 
the sections. However, during data reduction, those spectra whose total 
number of counts fall below a set threshold (-5CX) counts within a defined 
region of interest) are rejected. 

At present, ooly stratospheric IDP's with chondritic compositions are 
being subjected to point count analyses. Between 400 and 8CX) individual 
spectra are being recorded from each thin-section and the data plotted on 
ternary diagrams. In principle, several thousand spectra can be obtained 
from multiple sections of the same IDP and the data can be subjected to 
statistical evaluation. Hopefully, this will reveal fundamental chemical 
differences between the various classes of chondritic materials and provide 
a useful basis for evaluation of (chondritic) materials collected by a 
cosnic dust collection facility on the space station. 

REFERENCES: [1] Bradley, J. P., ~rey, W. and Walker, R. M. (1986), Lunar 
Planet. Sci. XVII, 80-81 • [2] Brownlee, D. E. , Whee lock, M. 
M. , Temple;-s. , Bradley, J. P. and Kisse 1, J. Lunar Planet. 
Sci XVIII, 133-134. 



INTERSTELLAR GRAIN TRAJECTORIES TROUGH THE SOLAR SYSTEM. B. ~. S. 
Gustafson, and N. Y. Misconi, Space Astronomy Laboratory, University of 
Florida, Gainesville, Fl. 32609. 

We present results extending our numerical study (1) of the interaction 
between interstellar grains and the solar wind, including the effects of 
solar cycle variations in the interplanetary magnetic field. The latter is 
shown to influence significantly regions of concentration and depletion of 
interstellar grains within the solar system. When the solar dipole field 
axis points north, the grains are diverted from the solar equatorial plane, 
mainly due to the action of the electrical part of the Lorentz force. The 
grains are concentrated towards this plane when the dipole field points 
south. Some 3 to 4 AU ahead of the Sun the streams cross the equatorial 
plane, creating an enhancement in the number density. The grains behind the 
Sun experience the oppositely directed magnetic field of that affecting them 
during the first half of the solar magnetic cycle, as they entered the solar 
wind cavity, thus creating a depletion zone in the wake of the Sun. 

Our computations are almost insensitive to whether the reversal of the 
direction of the interplanetary magnetic field is instantaneous or whether it 
is as gradual as a sine function. 

REFERENCES 

1) Gustafson, B. ~. S., and Misconi, N. Y. (1979). Nature, 282, 
276-278. 
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JOURNEY FROM A COMET PARENT BODY TO 1 AU, ORBITAL EVOLUTION OF DUST 
PARTICLES. B. i. S. Gustafson, N. Y. Misconi, and E. T. Rusk, Space 
Astronomy Laboratory, University of Florida, Gainesville, Fl. 32609. 

Whereas the inner planets' perturbations on meteoroids' and larger 
interplanetary bodies' orbits have been studied extensively, they are usually 
neglected in studies of the dynamics of dust particles. Forces acting on the 
dust are fairly well known (see ref. 1 for example) and include radiation 
forces and interaction with the solar wind. We have reported on some results 
from a comprehensive numerical study of the co.bined effect of these pertur-
bations on dust trajectories including gravitational perturbations by the 
planets Venus, Earth, Mars, and Jupiter (2). In this paper we summarize the 
major results relevant to the "Cosmic Dust Collection Facility". The 
necessity of including effects of the inner planets in dust dynamics investi-
gations is clearly demonstrated as all orbital elements are affected. One 
result is that the dust that may be intercepted at 1 AU was, on the mean, 
released at a later point in time than predicted based on drag forces alone, 
at least if the parent body was on a high eccentricity orbit which is typical 
for comets. In the case of comet P/Encke, this effect is of the same order 
as the frequency of the periodic terms in the comet's orbit (103 years). 

Sample trajectories of dust released from Comet P/Encke and the result-
ing distribution in orbital parameters as the dust reaches 1 AU will be 
discussed. Detailed trajectories as the dust particle spiral past the 
planets Jupiter, Mars, Earth and Venus will be shown and in some cases 
compared to samples of orbital evolution from low eccentric! ty (e < 0.1) 
orbits. The sample trajectories ill us tra te commonly occurring phenomenae, 
such as nonmonotonic changes in semimajor axis, eccentricity, inclination, 
and in the line of nodes. 

REFERENCES 

1) Burns, J. A., Lamy P. L., and Soter S. (1979). Icarus, 40, 
1-48. 

2) Gustafson, B. i. s., and Misconi N.Y. (1986). Icarus, 66, 
280-287. 
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DIRECT DETERMINATION OF AROMATIC HYDROCARBONS IN METEORITES BY 

TWO-STEP LASER DESORPTION/HULTIPHOTON IONIZATION MASS SPECTROMETRY 

1 Jong Hoon Hahn, Renate Zenobi, Jeffrey L. Bada , and Richard N. Zare 

Department of Chemistry, Stanford University, Stanford, CA 94305 
1Amino Acid Dating Laboratory, Scripps Institution of Oceanography, 

University of California, San Diego, La Jolla, CA 92093 

A complex array of organic molecules has been identified in car-
bonaceous meteorites (1). In typical analytical schemes, the compounds 
of interest are first extracted, then purified and separated chromato-
graphically and finally identified by mass spectrometry. These proces-
ses are not only very time-consuming but artefacts may also arise 
because of contamination (2) or from chemical reactions occurring 
during extraction (3). 

We report here the direct determination of aromatic compounds in 
carbonaceous meteorites, using a highly selective and sensitive two-
step laser desorption/multiphoton ionization mass spectrometric tech-
nique (4). As a first step, the pulsed output of a C02 laser (~ = 10.6 
~m) is directed onto the sample. Intact neutral molecules are released 
from the sample surface in a rapid laser-induced thermal desorption 
process. After a suitable time delay (- 30 ps) the fourth harmonic of 
a Nd:YAG laser (~ = 266 nm) is utilized to induce 1 + 1 resonance 
enhanced multiphoton ionization (REMPI) of the desorbed molecules in 
an interaction region located a few mm from the surface. Finally, the 
ions are detected in a time-of-flight (TOF) mass spectrometer. Samples 
are prepared by pressing pulverized meteorite material (typically 
less than 100 mg) with glycerol binder into a small(- 7 mm diam.) 
disk (pellet). 

Combining the desorption of intact neutrals with the soft ioniza-
tion characteristics of REMPI results in parent molecular ion signals 
dominating the mass spectrum. These features of our method easily 
allow us to interpret spectra of mixtures. 

The figure shows a comparison of mass spectra obtained from 1 pg 
of Murchison and Allende, respectively, on the same sensitivity scale. 
It clearly demonstrates the presence of aromatics in Murchison, while 
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Allende is extremely poor in these compounds. The aromatic hydrocar-
bons found in Murchison span a mass range from 120 to 300 amu, which 
is consistent with previous results (5). 

At present we are modifying the TOF instrument to provide much 
better mass resolution. We plan to use this technique to analyze a 
wide cross-section of meteorite types. In addition, we might investi-
gate lunar soils, atmospheric dust, sediments, and polar ices. The 
features of our methodology, i.e., fast analysis, soft ionization, 
quantitative analysis, ultra-high sensitivity, and selectivity enable 
us to apply this new analytical method to many cosmic and geochemical 
problems. 

References: 
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EXPECTED SHOCK EFFECTS IN COS"IC DUST PARTICLES CAUSED BY HYPERVELOCITY CAPTURE 
·r. Horz, NASA Johnson Space Center, SN4, Houston, TX 77058. 

This contribution suttarizes natural and experiaental shock effects of tinerals and phase assemblages 
applicable to the capture of cosaic dust particles. The physical and chemical changes taking place during 
hypervelocity lapact 1ust serve as guides for lnstrutent design and for the interpretation of retrieved 

~ projectile reanants. 

SOLID STATE' EFFECTS: lost observations (see belo~l derive from optical studies. Typical shock defortation 
features, such as high fracture densities, aosaicisa, t~inning. kinking and •planar elements• are observed 
at scales >10 u1 and have not been svsteaatically studied at SE"/TE" scales; such studies are needed to 
characterize cosmic dust particles and their remnants. X-Ray diffraction studies revealed proqressive 
aechanical break-down of all silicate lattices; in the case of tecto-silicates, doealn sizes of a few unit 
cells result, rendering the 1aterials X-ray aaorphous and optically Isotropic ( e.g. taskelynite 1. IR 
,tpdies indicate little deforaation of the unit cell, but line-broadening and decrease of atPiitude is 
observed. Other techniques used to investigate solid state shock effects include theraolutlnescence, Raman-
spectroscopy and paraaagnetic resonance. 

PHASE CHANGES: First order reconstructive phase transforaations take Place during shock, albeit rarely. 
"ore commonly, 8 nuaber of disproportionation I decomoosition reactions occur when the aeltin~ teaperatures 
of specific phases are approached, leading to different Phase assemblages. 

"ELTING PHENO"ENA: The peak-pressures required to aelt specific tinerals are fairly ~ell In hand, at 
least for aajor tlnerals. Laboratory shock-recovery experiments demonstrate that the peak-pressures derived 
from single-crystal targets apply generally to dense, non-porous rocks in which selective teltinq of 
tecto-silicates Is co~aonly observed over a pressure range of 4S-70 GPa; whole rock melting requires aostlv 
pressures in excess of 80 GPa. In porous, and especially particulate aaterials. generation of impact melts 
is very cotplex: deposition of energy is highly heterogeneous on scales of component grains due to shock 
reverberations on free grain surfaces that leads to highly localized melting along qra in boundaries at 
aodest eQuilibrium pressures I < IS GPal; absolute aelt fraction increases Mith increasing pressure and 
reaches 100~ 1elt at SO GPa. Study of lunar agglutinates pointed out that fine grained comPonents l<IO um l 
tend to 1elt preferentially over •coarsew constituents of 8 polyaict target. "any cosmic dust particles ma v 
be polyaict and of highly heterogeneous grain-size distributions, ranging from fine-grained •matrix• to 
coarse components if not large •clastsw; it is thus possible that fractionated project! le melts Mi I I be 
recovered; conversely, the untolten detritus surviving capture lay be biased as Nell. 

FRACTIONATION BY SELECTIVE VOLATILISATION: The loss of H20 is detonstrated for serPentine at pressures of 
so1e 10 GPa, that of C02 from calcite at <IS GPa. Noble gas losses are generally not severe at< 20 GPa. 
but substantial or cotplete Joss aay occur during 1elting. Selective loss of major elements requires Pea~
stresses > 100 GPa. Generally, selective loss of •volatile• species is Poorly characterized and study of 
iapact induced vapor-condensates Is needed. 

In the following, 8 brief su11ary of shock effects in 1ajor 1inerals is presented: 

OUARTZ: Fractures (1], planar eletents [1,2,31 and decreased refractive indices [2,4] are the most 
prominent solid state shock effects up to 28 GPa.Diaplectic glass forms at 29-4S GPa [2,51 and meltino 
c011ences at 45 GPa (5). The structural state of shocked Quartz was addressed via X-Rays [6,71 and IR [8 1; 
the high pressure phases IHPPI coesite and stishovite are summarized bv [9]; soae li1ited SE" Mork exists 
(10], an equation of state lEOS} Is available [Ill. 
FELDSPARS: fractures, planar eletents, decreased birefringence and 2V are the aost pr01inent solid state 
features (12,13,14]. Maskelynite was studied In detail by aany, as sUIIarized by {15). "elting depends 
sotewhat on COIPOsition, but generally c011ences at 45 GPa fl3-18]. Structural states Mere examined via X-
Ravs [6,13,191, IR [8,20,211 and Raman spectroscopy [221. Noble gas loss is insignificant up to 40 GPa 
[23). EOS on a number of feldspars exist [II). 
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PYROXENE: Fracturing, twinning and IOSaJCJSI occur between 5 and 70 GPa [ 24,25, 26], but are not 
sensitively related to peak pressure. "elting starts at >70 GPa [27-291. lattice defor1atlon via X-Ravs 
[29] and IR [211 reveals also little syste1atlc change. Pyroxene Is highly resistant to shock and solid 
state defor1ations are difficult to calibrate syste1atically with peak pressure. KaJorlte Is Interpreted as 
shock Induced HPP [ 30,31]. EOS Is available (II]. 
OLIVINE: Fracturing and pervasive 10saicis1 ~!nate up to 70 GPa [32,33] and [33,34] report 1elting at 70 
GPa. Sole annealing and recovery of the shock defects is reported for the 55-70 GPa range, which 1ay be 
ICCOIPanled by valance state changes of Fe [33,35]. X-Ray studies [6,7] yield 10dest syste1atics related 
to pressure history; IR [211 yields 1odest structural changes and [36] describe the effects of 
dlsproPOrtlonation; EOS are available [II]. In general, olivine is very resistant to shock deformation and 
solid state defects are not readily presssure calibrated. 
GRAPHITE: Very little is known about the shock behavior of graphite/carbon, other than that it converts to 
HPP (cubic diamond [37,38] and hexagonal [39]1 at co1paratively 1odest stresses ( <20 GPa). Beinq a highly 
COIPressible phase it 1ay display great sensitivity to lattice deformation at low shock stresses, current lv 
unexplored. EOS is available for aany different for•s of C [Ill. 
KA"ACITE/TAENJTE: Twinning and Neumann bands are generated at < 10 GPa [40) and the phase transformation 
~Fe to4Cfe occurs at 13-15 GPa [40,41], resulting in COIPiex textures t=••attew structure), an important 
shock criterion in ironmeteorites [40]. Based on cooling history following shock,~ fe.~fe, and dlfe mav 
coexist. 
PHYLLOSILICATES: Detailed 1ineralogical observations are confined to biotite and 1uscovite that readily 
develop kinkbands at < 5 GPa [42,43]. Diverse decoaposition products upon lelting/cooling/interaction with 
silicate 1elts are described by [44,45]. H20 loss in antigorite and serpentine at pressures 5-20 GPa was 
rePOrted by [45,461: loss of K from muscovite melts I 35-40 GPal was rePOrted by [45). 

A variety of solid-state shock effects as well as disProportionation during 1elting are described for a 
wide variety of accessory ainerals such as TROILITE [40], IL"ENITE [47], RUTILE [48], SPHENE [49), GARNET 
and APATITE [50]. 

ROCKS I PARTICULATE TARGETS : "ost shock pressure calibrations obtained from single crystals or 
10n01ineralic targets described above do apply to dense, crystalline rocks such as a wide var ietv of 
granites [1,3,51] and basalts [24,52,53]. Similar shock effects are observed in porous and especia lly in 
particulate targets, but are produced in these 1edia at substantially lower average shock stresses owing to 
1ultiple shock reverberations at the free surfaces of coiPonent grains and voids. In such aaterials, the 
shock energy Is deposited in highly heterogeneous fashion on the scale of component minerals, as first 
described fr01 sandstone [5~.551 and from a variety of experilentally shocked. basaltic powders [27,56 ,57}. 
"elting along grain boundaries is pervasive and takes place already at eauilibrium stresses of < 10 GPa 
[58]. Interest in the shock-compaction of clastic 1aterials to form co1petent iapact breccias [59- 611 has 
contributed greatly to our understanding of shock processes In particulate 1edia. The po~bility of verv 
fine grain sizes contributing preferrentially to slall-scale iapact aelts was suggested by [62) and then 
experi1entally verified by [63]. 

SUft"ARY AND RECO"ftENDATIONS: A great diversity of observational/analytical techniaues have been applied to 
the study of naturally and experilentallv shocked 1inerals and rocks. While this information will great lv 
assist In the Interpretation of recovered projectile remnants relative to the pristine parent particle. It 
should be obvious that specific studies on scales appropriate to small, physically and chemically 
heterogeneous hypervelocity particles are needed; even first order characterisation on SE"/TE" scales of the 
above 1aterlals Is highly frag~entary, at best. Long-ter• efforts are needed to obtain a systematic 
observational fra1ework on the scale of 1icrons and s1aller both in experi1ental ly as well as naturally 
shocked eaterlals. 
The present data base, however, appears sufficient to provide guidance for the design of capture devices. 
Based on eauation of state data, either 1easured or 1odelled. the peak stresses for •realistic• projectiles 
lapacting at cos1ic velocities laY be calculated. Peak pressures > 30 GPa should be avoided, if unmelted 
particle frageents are to be recovered. Recovery of totally Intact, pristine cosmic dust particles is 
unrealistic, as tensile 1tresses of< 0.15 GPa [64] 1av lead to disruption of the l1pactor~ 
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LONG TERM EVOLUTION OF INTERPLANETARY DUST TRAJECTORIES: 
PRECISION ORBIT GENERATION WITH THE EVERHART RAOAU INTEGRATOR 
A.A. Jackson, Computer Sciences Corporation, Houston, Texas 
and The Lunar and Planetary Institute , Houston, Texas 

It is important to know how to interpret the orbital 
elements of interplanetary dust particles that are intercepted 
at the earth. Recently [1] it has become evident that our 
knowledge of the evolution of dust orbits needs more refinement. 
It is not possible to separate the possible regimes of motion of 
particles in the size range of 10 to 100 microns. Not only must 
long term evolution under gravitational and radiation forces be 
considered but also strong gravitational interactions with the 
planets [2],[3],[4]. A task is being undertaken to generate 
precision particle trajectories in the inner solar system with 
the purpose of generating the orbital properties of dust orbits 
in the vicinity of the earth and to model the characteristics of 
the zodiacal dust cloud. If these kinds of orbits can be 
understood then progress in connecting microscopic bodies with 
their parent bodies can be made. 

The dynamics of small interplanetary particles depend of 
the type and strength of the perturbing forces[5],[6]. The 
forces acting on the dust particle are gravity, radiation 
pressure, Poynting-Robertson (PR) drag, solar wind drag , 
distant coulomb drag and the Lorentz force. It is possible to 
solve the dynamics problem with special perturbation methods but 
when the number of gravitational perturbers becomes more than a 
few the problem loses it tractability. Thus a numerical attack 
is suggested. 

In the current study only the forces due to gravitation 
and radiation are modeled. The acceleration of the particle is 

+ 
where k is the gaussian constant, ~ is the ratio of the 
radiation force to the gravitational force, ~ is the 
heliocentric radius-vector of the particle, r is the particle's 
radial velocity, ~ is the helioc~ntric velocity vector of the 
particle, c the speed of light, ri is the heliocentric 
radius-vector and mi is the mass of the i-th perturbing body. 
The planets Venus, Earth, Mars and Jupiter are placed and 
propagated in Keplerian orbits. 

The second order equation {1) is integrated with the 
implicit Runge-Kutta procedure of Everhart using Gauss-Radau 
spacings[?]. This numerical integrator, called RADAU, can be 
written to a very high order of accuracy. Since RAOAU has been 
used in several recent long term orbital evolutions, Everhart 
[7] and Carusi, et. al. [8], it is being evaluated in this study 
to access its applicability to the perturbed PR-drag trajectory 
problem. Accuracy and stability criterion can be found in 
Everhart [7] and Carusi,et.al. [8] . 

21 



22 LONG TERM EVOLUTION 
JACKSON, A.A. 

Figure 1. shows results for a two thousand year 
integration of a 30 micron particle from an orbit that starts 
with a semimajor axis of 1.1 AU, eccentricity of .1, inclination 
of 1.7 degrees , right ascension of ascending node of 107 
degrees, argument of periapsis 0.0 degrees and started at 
perihelion. 
It is evident that the slow decay of an orbit by PR drag can be 
masked by the distant and close encounters to planets. For 
prograde orbits that are close to the ecliptic PR drag that 
circularizes and contracts the orbit can cause low encounter 
velocities with the planets which will make the orbital elements 
fluctuate. 

These computations are in agreement with Gustafson and 
Misconi [1] which show the importance of gravitational 
scattering of microscopic particles by the planets. It is hoped 
that these investigations will point the way to methods of 
connecting the orbits of microscopic bodies in the solar system 
with their possible parent sources. 
References:[l]Gustafson, B.A.S., and Misconi,(l986) 
N.Y.,Icarus,v66,280 [2]Burkhardt,G.(1985),in Properties and 
Interactions of Interplanetary Dust, (Giese and 
Lamy,Ed) ,389-3~3,[3]Misconi,N.,and Weinberg J. 
(1978),Science,v200,1484-1485.[4)Zook,H.,Space Reserach Volume 
XVIII(1978),411-421.[5]Whipple,F.L.(1967),Zodiacal Light and the 
Interplanetray Medium,NASA SP 150,pp 409 -426.[6]Morfill G. and 
Grun E. (1979),Planet.Space.Sci.,v27,1269-1282. 
(7]Everhart,E. (1985),Dynamics of Comets(Carusi and 
Valsecchi,eds),185-202, [S]Carusi, A.(l985),Dynamics of 
Comets, (Carusi and Valsecchi,eds),203- 214. 
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Figure 1. Semimajor axis,inclination right,ascension of 
ascending node and distance from earth of a 30 micron dust 
particel started in a 1.1 au orbit with an eccentiricty of .1. 



POLYMERIC DUST COLLECTION: PHYSICAL PROPERTY SCALING 
LAWS OF POLYMERS AND POLYMERIC FOAMS APPLICABLE TO 
HYPERVELOCITY INTACT CAPTURE by Dr. Robert F. Landel and S. T. 
J. Peng; Jet Propulsion Laboratory, Pasadena, California 

Polymeric materials have been suggested as cometary dust 
collectors ranging in form from encapsulating hardenable 
liquids, to sticky flypaper for slow-moving particles, to 
cushiony stopping material for fast-moving particles. The 
problem then is to understand polymer physical properties in 
these contexts and to rationally chose appropriate materials. 

However, the physical properties of polymers are so 
enormously diverse that correlations between properties and 
polymer type are often taken to be hopelessly complex and 
susceptible to only the grossest comparisons. Yet the 
diversity in fact masks an underlying regularity and order. 
Moreover, individual properties such as modulus, tensile 
strength, breaking elongation and toughness tend to be treated 
as separate, individual entities when in fact they are all 
related. 

Starting with the key features of polymer behavior of 
chain-like structure and local Brownian motion mobility, which 
is either enormously slow (in hard, glasslike polymers) or 
comparable to ordinary liquids (in soft polymers, elastomers 
and melts), scaling or similarity "rules" will be sketched out. 
Such rules can be used to understand and compare the various 
properties on a common basis and, more importantly, to make 
estimates of responses to be expected in novel applications. 
The talk will conclude with a brief discussion of the 
importance and application of such rules to the use of 
polymeric materials in comet dust collection. 
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PARTICULA 1E CAPTURE IN THE EUROPEAN RETRIEVABLE CARRIER 

PROGRAMME. 

J.A.M McDonnell and T.J. Stevenson, 

Unit for Space Sciences, University of Kent at Canterbury, Kent CT2 7NR, 

U.K. 

The European Retrievable Carrier (EURECA) family is a class of 

spacecraft designed for routine unmanned access to the low Earth orbit 

(LEO) environment for extended periods. EURECA A, scheduled for launch 

m early 1991, is shuttle deployed but its successors are being considered 

as possible Ariane 5 payloads. The spacecraft itself is designed to be 

adaptable to a variety of scientific and technological missions - the first 

flight of EURECA A IS ostensibly concerned with microgravity 

experimentation, but with some 'add on' instruments. As part of our 

continuing interest in LEO particulate capture, EURECA A will carry a 

capture cell experiment of simple configuration but with a novel feature 

allowing impact sites to be time resolved with a precision of a few days . 

This device, though of modest aperture and of fixed pointing with respect 

to the sun-earth line, will allow correlation of impact debris with meteor 

showers over a nine month period. 

The method employed is in keeping with the simple (and inexpensive) 

philosophy of the instrument. A single thin foil, supported by an 

aluminium mesh plate, is mounted above the substrate with a spacing of 

half a millimetre. The choice of foil thickness, material and substrate 

material are not constrained by the design and it is intended that changes 

can be made at a late stage. Six combinations are possible, and it is to be 

hoped that results from a recovered LDEF will influence these choices. 
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An impact arriving at a non-glancing angle and of sufficient energy to 

perforate the foil will result in the now familiar features both on the foil 

and the substrate. The action of the Timeband Capture Cell Experiment 

(TICCE) is to displace the foil by a fixed amount in its own plane every 

few days. This will give rise to a number of hole/debris site pairs, each 

having a similar position laterally, and a likely substrate/foil relationship 

longitudinally. This relationship would correspond uniquely to a short 

period during the mission. There will most certainly be some 

ambiguities~ but these will not be a large proportion of the total sites. 

Table 1 summarises the important parameters of this experiment. 

The future of the EURECA class of spacecraft lies in its application to the 

whole spectrum of missions requiring the LEO environment. The 

European Space Agency is currently considering several payloads for 

possible dedicated missions~ this means one discipline or even one 

experiment dominating the entire resources of the craft - 1 tonne, 1 kW. 

Using the baseline design of EURECA B, celestial pointing is available, and 

dependant upon the amount of slewing, unrefuelled flights of up to 2 

years are possible. 

As a response to an Announcement of Opportunity relating to all 

elements of the European Columbus project of which EURECA B is one, we 

have proposed DUSTWATCH. A specific adaptation to a non serviced 

platform has been undertaken - this required deletion of those parts 

associated with selective retrieval, and sizing an array to fit EURECA B's 

payload area. 

DUSTWATCH is an array of panels incorporating position, charge and 

velocity sensing on both faces~ one or more foils can be installed plus a 

capture substrate. Optionally a 20 em deep underdense or multiple film 

capture arrangement can be substituted . Each panel is thus likely to 
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cater for a different mass optimally. A general summary of a proposed 

dedicated DUSTW A TCH/EURECA mission is given in Table 2. 

TABLE I EURECA A - Timeband Capture Cell Experiment 

Mass 5 Kg. 

Power 400 Joules/week 

Aperture 0.2 m2 - for full science 

0.5m2 - for partial science 

Field of view - close to 1800 

Time resolution - variable, but total of 50 steps available for a 9 month 

nominal mission 

Orbit - 500 km, 280 , circular, 

Attitude - possible minor earth obscuration 

Mission duration - 6 - 9 months. 

TABLE 2 EURECA B - DUSTW A TCH 

:Mass - 560 kg. 

Power - 70 W 

Aperture 34m2 

Field of view - close to 1800. 

Time resolution - milliseconds. 

Charge sensing 

Velocity sensing (Direction resolution - 50.) 

Mission duration - up to 2 years. 



I:MPACfS ON SHUTTI..E ORBITER CAUSED BY 1HE FIRING OF A 
PAM D2 SOUD ROCKET: RESULTS OF THE STS 61B PLUME WITNESS 
PlATE EXPERIMENT AND IMPliCATIONS FOR A COSMIC DUST 
COLLECTION FACiliTY 

David McKay1, Kathie L Thomas-Verploeg2, and John W. Alred3 

1solar System Exploration Division, SN4, NASA Johnson Space Center, Houston 
~77058 

Lockeed/EMSCO, C-23, NASA Johnson Space Center, Houston TX 77058 
3 Advanced Programs Office, ED2, NASA Johnson Space Center, Houston TX 
77058 

The Plume Witness Plate Experiment (PWP) was flown on STS mission 61B 
in order to investigate the effects on the Orbiter of the plume from a PAM D2 solid 
rocket. The Orbiter and attached PWP were approximately 17 km from the rocket 
when it was first f1red. The rocket bum lasted 96 seconds, and the witness plates 
were subjected to exhaust products from the entire bum. We have investigated 
selected parts of the exposed surfaces and have catalogued a variety of impact 
features associated with the rocket bum. 

This study has relevance to the proposed cosmic dust collection facility 
because it is the only data collected in space on impacts of known composition and 
morphology and known velocity range. While the 1mpact velocity of this experiment 
is relativefy low ( <2.1 km/sec), the velocity approaches the very low velocity tail (3-4 
km/sec) for natural meteormds striking a rearward facing collector (1). 
Consequently, data on these low velocities may have some applicability to true 
cosmic dust collection. Furthermore, aluminum oxide particulates from solid rocket 
exhaust are already present in space and will likely increase in abundance in coming 
years as space activities increase (2). Therefore, the impact properties of this 
material on potential collector surfaces is of interest, and applies to the not trivial 
problem of discriminating between impacts from orbital debris microparticles and 
1mpacts from true micrometeoroids. 

Using primarily the scanning electron microscope (SEM), we investigated 
PWP targets of copfer (99,99%), aluminum alloys (1100 and 6061-T6), stainless 
steel (15-5), Incone 718, and fused quartz glass. We determined pit morphologies 
including diameters and depths, noted which pits contained projectiles or projectile 
residues, analyzed the residues using energy disfersive x-ray analysis, and m some 
cases, electron diffraction, and determined.tota flux distribution on each target. 

Using large photo mosaics taken at 400X magnification combined with 
higher magnification photographs of smaller selected areas, we identified and 
measured approximately 300 impact craters on these surfaces. In the examined 
areas, all craters larger than 0.5um were identified and in~uded in our tabulation. 
The overall mean crater density was 15.2 impacts per mm for craters larger than 
0.5 urn. The size distribution of these craters was very sharply peaked to a diameter 
between 0.5 and Sum. Craters in this size range constituted 95% of the entire 
population, while 4% were between 6um and 10um and less than 1% (only one 
crater) were larger than lOum. While we likely overlooked on the large mosiacs 
some craters at the 0.5um size and smaller, selected high magnification photos did 
not reveal any craters in this size range. 
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Projectiles were retained in many of the craters. For the aluminum tar~ets, 
88% of the craters larger than 1 um stili contained significant projectile matenal. 
This material was usually a fractured but often nearly complete sphere of aluminum 
oxide. For copper, 63% of the craters retained their projectiles, for stainless steel, 
62%, and for lnconel, 48% still retained projectiles. None of the examined craters 
in quartz glass retained projectiles. Some of the projectile residue was transferred 
to grids for analysis in the transmission electron microscope and we found using 
electron diffraction data that alpha, gamma, and kappa forms of aluminum oxide 
were all present. 

Depth to diameter ratios were measured on craters which did not retain 
projectiles. These ratios for the metal targets range from 0.08 to 0.77. These ratios 
were used to estimate impact velocity using laboratory calibration data (3). Our 
estimated impact velocities based on these measurements ran~e from 0.5 to 2.1 
km/sec. This range of velocities is similar to that predicted pnor to the experiment 
by the modeling of the rocket bum. 

Impacts in the fused quartz glass all formed spall zones in addition to a 
round central pit. The spall aiameter is about five times larger than the pit 
diameter (mean 5.6) so that the damage area on the fused quartz glass target was 
about 30 t1mes greater compared to the metal targets. 

We conclude that projectiles are readily retained on metal targets when the 
impact velocity is in the range of about 0.5 to 2 km/sec in actual space tests. While 
the projectiles are always fractured, most of the original sphere is retained in these 
experiments. It would be simple to distinguish these impacts from micrometeoroid 
impacts. However, for craters which did not retain projectiles, the situation is not 
so simple, and careful measuring of crater morphologies including depth/diameter 
ratios, pit/spall ratios (for brittle targets) and other parameters may be necessary to 
discriminate between even a low velocity orbital debris impact and a hypervelocity 
micrometeoroid impact. 

Metal surfaces have been used on LDEF as potential witness and capture 
surfaces for micrometeoroid impacts, and their use on the proyosed cosmic dust 
collection facility may also be feasible. They have the virtue o being very simple 
and of allowing prec1se measurements to be made on a limited number of vanable 
features. Determination of retained projectile chemistry is relatively easy on metal 
surfaces compared to other proposed collection devices. Metal surfaces should 
certainly be considered as an additional low cost collection device which would be 
complementary to more complex devices such as multilayer capture cells and foams. 
Metal surfaces may be the method of choice for relatively low velocity impacts from 
both micrometeoroid and orbital debris microparticles. 
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CALCULATION OF VELOCITY LOSSES AND ESTIMATION OF COSMIC DUST 
INTEGRITY FOR HYPERVELOCITY IMPACTS ON THIN FOILS 

A. T. Oyer, Los Alamos National Laboratory, Los Alamos, NM 87545 

Successive penetrations of ultrathin foi Is is one possible technique 
for collecting mostly intact hypervelocity cosmic dust. To explore the 
feasibility of this method, we simulated the penetration of one foi I with 
the two-dimensional hypervelocity hydrodynamic impact code, LASOIL, wh ich 
includes the Ti I lotson equation of state and an elastic-perfectly plastic 
strength correction. We completed a four-by-five matrix of 20 impact 
simulations of 1.6-mrn-diameter aluminum spheres striking polyethylene 
foi Is. The variable parameters were the sphere's impact velocity (3, 4, 
5, and 6 km/s) and the foil's thickness (0.1, 0.3, 0.5, 0.7, and 1.0 mm) 

In each case, the sphere decelerated with little damage. The velocity 
loss was primarily a function of increasing foi I thickness , ranging f rom 
about 2 to 3% for the 0.1-mm foi I to approximately 20% for the 1.0-mm 
foi I. Peak pressures occurred at the sphere/foi I boundary along the 
sphere's trajectory and were primarily a function of impact speed, ranging 
from 12 .5 GPa for the 3 km/s cases to 30 GPa for the 6 km/s cases. The 
duration of the peak pressure pulses were of the order of 200 ns, and only 
a fraction of a percent of the sphere's mass was vaporized in each of the 
impacts. 
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A MODEL FOR HYPERVELOCITY INTACT CAPTURE IN UNDERDENSE MEDIA; 
S. T. J. Peng and P. Tsou, Jet Propulsion Laboratory; A. L. Albee, 
California Institute of Technology. 

Recently, underdense polymeric foams have been studied intensively as a 
viable candidate for passive intact cometary dust collector. Systematic 
capture experiments have been performed on the intact capture of metal (alu-
minum) particles at velocities ranging from 1 to 7 km/sec.(l) The experi-
mental results show that particle penetration and erosion in foams are sig-
nificantly different from those obtained from homogeneous solids, liquids or 
gases. 

This paper proposes a model to describe these phenomena. The model consists 
of a particle erosion equa~ion and a generalized equation of motion. The 
experimental results indicate that the mass loss of projectiles from impact 
on foams is mainly from erosion; moreover, from simplified one dimensional 
shock analysis, the shock pressure is too weak to cause dynamic fracture of 
metals. Therefore, a similar type of mass erosion equation used for abla-
ting re-entry vehicle is considered.(2) Although the medium is different, 
the following equation seems to describe the particle mass loss: 

~ - C VdV (1) m 
where, m is the mass of the particle, V the velocity, and C is the coeffic-
ient of erosion rate which is found to depend on the particle size and the 
target material. Eq (1) describes quite well the mass recovery ratio, m/mo 
where mo is the initial particle mass and m is the recovery mass (Fig 1). 
Furthermore, by assuming that C(a)-Co/a, where a is the radius of the 
particle size, one can predict the effect of the particle size quite well as 
shown in Fig. 1. 

One of the very interesting features of the experimental results is the 
total track length of the projectile inside the foam.(l) The total track 
length with respect to the initial velocity, V0 can be divided approximately 
into three regions. Each region has a distinct physical phenomenon related 
to target and projectile. For low velocity region up to 1 Kmfsec, the track 
length is linear in proportion to, Vo, and there is no particle mass loss. 
Furthermore, the ratio of the slope is proportional to the size of particle. 
As Vo increases into the second region, the slope of the curve gradually de-
creases, and finally, into the third region, the track length reaches the 

·maximum and starts to decrease. In this region the resistance force in-
creases drastically as Vo reaches a certain threshold to cause the reverse 
of the track length . The reverse phenomenon, also, is contributed by eros-
ion of particle mass at the initial phase of particle-foam interaction. 

In order to describe these phenomena, a generalized equation of motion of 
the projectile in the foam is proposed 

FR - -m(t)~ (2) 
where the mass, m, now is the function of time, t, (from the time of impact) 
or distance x in the foam. FR is the total resistance the particle encount-
ers in the foam, which depends strongly on the target properties, the pro-
jectile speed and projectile size. The general resistance force is postu-
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lated as FR - 1.1 a2vn, where the coefficient ~may depend on target foam 
material. With Eq (2), we have 

ua2 vn- -m(t)£ (3) 
r- dt 

In region one, the total track is formed by a slow penetrating particle 
pressing the foam material forward and sideward (no particle mass loss). 
The formation of the track is more like a result of plug flow. Therefore, 
n- 1 (FR -~la2v) is proposed which describes and predicts the linearity of 
the curve; moreover, it predicts the slope to be a linear function of the 
diameter which is shown by the experiments (the effect of particle density 
also can be predicted). As Vo increases into region two, n- 2(FR-~2a2v2) 
describes the trend quite well. Finally, in the region three of hypervel-
ocity impact, the resistance force increases drastically, such that n 
becomes so large as to be best described by an exponential function such as 

2 av2 
FR - f.La e (4) 

Moreover, in this region, a significant erosion occurs. Therefore, the 
erosion equation (1) is employed to describe m(t). The resulting equation 
obtained from Eqs (2), (4), and (1) is given by 

2 'II'P. a 
X - ....,.~P.....,~ tract 3 ~(a-C) 

2 2 
[exp(-CV

0
)- exp(-a'V

0
)] 

which describes the reverse phenomenon of total track length Xtract• 
2). Moreover, it predicts the effect of the particle size (Fig. 2). 
in this formulation, the effect of particle density can be predicted. 

(4) 

(Fig 
Also, 

In conclusion, the model describes the erosion and track length quite well. 
Furthermore, the model is used to describe the projectile velocity profile 
in the foam, and estimates the particle mass recovery ratio for smaller 
particles or higher speed ranges which are not accessible to the current 
test apparatus. It is important to note that some constants are extracted 
from the experimental data. Physical significance of these constants will 
be investigated in the future. 
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-LESSONS FROM SOLAR MAX.-
Frans J. M. Rietmeijer, Department of Geology. University of New Mexico, Albuquerque, NM 
87131, USA. 

The Solar Maximum Satellite (Solar Max) was launched on 14 February 1980 and was 
retrieved by the STS 41-C crew which returned some Solar Max surfaces to Earth after 4 years 
and 55 days of exposure to the near-Earth space environment. These surfaces include multi-
layered thermal control blankets and aluminum thermal control louvers. All surfaces were 
riddled with impact features, that is craters and penetration holes which contain a multitude of 
associated particles, <1.0 up to ±32 ~-&m, in size [1 - 3]. On the thermal control blankets, it is 
not always clear what type of projectile is responsible for each particular impact feature [1, 4, 
5]. However, on the thermal control louvers, projectile types are readily recognised in 86% of 
the craters [2]. For the following, I would like to draw upon the experience obtained from 
particle analyses on the main electronics box (MEB) thermal control blankets. Using their 
chemical compositions, particles were classified into (I) micrometeoroid debris, (2) particles of 
anthropogenic origin (such as Space Shuttle paints and orbital debris) and (3) particles of 
unknown origin [1, 4]. It seems probable that most particles in the last category also have an 
anthropogenic origin [5]. As a result, particles identified on the MEB thermal control blankets 
[5] and thermal control louvers [2] suggest that the debris flux exceeds the natural 
micrometeoroid flux by approximately two orders of magnitude. It is important to consider that 
At-metal is present on all Solar Max surface materials. Thus, it is not possible to 
unambiguously identify impacts caused by At-rich projectiles such as solid rocket effluent [6] 
and Al-rich micrometeoroids [7. 8]. 

Solar Max surfaces were studied by reflected-light microscopy for identification of impact 
feature types, morphology and associated phenomena such as the presence of spall zones and 
halos on the space-facing side of the first (Kapton) layer of the satellite (6]. Selected impact 
features were then studied using scanning electron microscopy (SEM). SEM imaging of impact 
features provided data for classification of rims around impact features, spray zones beneath 
penetration holes as well as to establish the presence and distribution of small-sized particles on 
Solar Max surfaces [6, 9, 10]. Energy dispersive spectroscopy in conjunction with SEM imaging 
provided the chemical data for particle classification [1, 4, 5, ll]. Scanning Auger microprobe 
analysis of surfaces around penetration holes did not show evidence for vapour deposits but 
found that the metallic At-coating of the MEB blankets were oxidised by hypervelocity impact 
[6]. After SEM analysis, selected MSF (Mg-Si-Fe)-particles from an impact feature of probable 
micrometeoroid origin [12] were prepared for analytical electron microscopy (AEM) [13]. These 
particles were identified as forsteritic olivine (Fo66_8~; d010 • 10.13-10.24 A.) resulting from 
fragmentation of a single (1"100~-&m diameter) olivine m1crometeoroid [13. 14]. 

The experience gained from particle analyses of Solar Max show that several matters are 
important for the design of capture cells for exposure in low-Earth orbit: 

(1) lack of a precise knowledge of materials used in capture cell materials impairs efficient 
SEM analyses of returned surfaces. For example, omnipresent Ca-P particles are an additive to 
the Mylar of the MEB blankets and, initially, its application was of a proprietary nature (in 
this case, the manufacturer's courtesy is appreciated in clearing this issue). 

(2) pre- and post-flight cleanliness was improperly maintained as witnessed by wipe-marks 
and abundant Si-particles on the MEB blankets [6], although some fraction of the Si-particles 
may be related to Space Shuttle rendezvous [15]. Some contamination may be unavoidable, but 
it is clear that processing of capture cell surfaces should proceed in clean room facilities such 
as the Class-100 clean room facility at the NASA JSC Curatorial Branch. 

(3) the Space Shuttle's dust environment added substantial amounts of particles to Solar Max 
surfaces as indicated by flaked-off paint particles that form an almost continuous spray on 
space-facing surfaces of the MEB blankets (1. 4]. 

(4) It seems advisable to catalog particles that have been recognised as contaminants as well 
as potential contaminants such as spacecraft materials. The purpose of this catalog is to 
facilitate and standardise recognition of non-extraterrestrial particles. 

The Solar Max experience shows that light-optical, SEM and AEM studies generate a 
wealth of data, provided each step is carefully documented. The AEM study of recovered 
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olivine particles [13, 14] showed that it is possible to succesfully identify impact debris as 
extraterrestrial material [13, 14] which is not possible using SEM information only [2). The 
AEM results also show that (1) particles of a chemically well-characterised group of residue 
particles may occur with different morphologies [13] and (2) morphologically similar particles 
within a group may show variations in microstructure and chemical effects [14]. Of course 
these interpretations assume that the properties of the projectile prior to impact are known. For 
example, one assumes that deformation is introduced during impact. In the case of 
extraterrestrial olivines this assumption is tenuous as the meteorite record shows that shocked 
olivines may form during parent body regolith processes [16]. Yet, assuming that deformation 
and ablation or melting of olivine particles occured as the result of hypervelocity impact, the 
question becomes whether terrestrial deformation experiments using geological constraints are 
representative for deformation processes as they may occur in these hypervelocity shock events. 

To illustrate this point, I would like to draw attention to the Table which is a listing of 
light-optical and AEM deformation features observed in shocked olivines as a function of peak 
pressure [16]. The dislocations in angular particles and presence of spherical particles of Solar 
Max olivines [14] suggest different thermal effects for individual fragments, rupectively ±6Q0°C 
(angular particles) and ±1000°C, or up to 1890°C (T It" of forsterite) for rounded particles. I 
suggest that it is necessary to perform hypervelocity ~J~l experiments using well-characterised 
naturally occurring micrometeoroids in order to evaluate whether fine-scale thermal 
heterogeneities are common to hypervelocity impacts. It is also important to address any kinetic 
effects as they may occur for hypervelocity shock-induced deformations as a function of the 
impact energy, e.g. T(ime) - E(nergy) - D(eformation) (TED) diagrams. Finally, in conjunction 
with these experiments, it is necessary to increase the AEM data base of microstructures in 
fine-grained extraterratrial occurrences such as meteorites and interplanetary dust particles, as 
these data are complimentary to analogue shock experiments 

In summary, I suggest that from a micrometeoriticist's viewpoint, the development of a 
Cosmic Dust Facility on the Space Station may benefit from the lessons taught by Solar Max: 
(1) contamination control is paramount and logically leads to the consideration of a specialised 
receiving and curation facility, (2) cataloging of contaminants, including in situ sampling of the 
near-Earth space environment [17], to improve our understanding of the near-Earth orbital 
debris population, (3) experiments to construct TED diagrams and (4) continued studies of 
fine-grained extraterrestrial materials [18, 19]. 
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THE NECESSITY FOR MICRO-ANALYTICAL CHARACTERISATION OF 
LABORATORY SHOCK EXPERIMENTS. 

Frans J. M. Rietmeijer, Department of Geology, University of New Mexico, 
Albuquerque, NM 87131, USA. 

The stage leading to deployment of the Cosmic Dust Facility on the Space Station will 
be devoted to experimental studies of capture cell designs to optimise their efficiency to 
capture micrometeoroids, as well as to determine their trajectories [1). Presently, light-optical 
and scanning electron microscopy (SEM) are most commonly used to characterise projectiles, or 
their residues, after impact with a target; while energy dispersive spectroscopy in conjunction 
with SEM and electron microprobes provide chemical data on projectile and target materials [2 
- 5]. In rare instances, analytical electron microscopy (AEM) is used to characterise shocked 
target materials [6]. In general, laboratory shock experiments use chemically simple projectiles 
(e.g. Al-2017, ruby, stainless steel) which are fired into single phase targets (e.g. H20-ice, 
silicate single crystals, Kapton) or multi-phase targets such as diorite or gabbro [7 - 12]. 
Without question, these studies provided a wealth of data on cratering, projectile-target 
interactions and chemical changes in target materials. With the opportunity for experiments on 
the Space Shuttle, selected solid targets [13] and thin-foils [14] exposed to space can be 
returned to Earth for study of impact efficiency. 

Recently, experimental studies have been initiated which simulate impact of comet-like 
materials (such as epoxy-bonded Allende meteorite powder and olivine/FeS/glass microspheres) 
into media that are considered for deployment in the Cosmic Dust Facility [3, 15, 16]. If the 
Cosmic Dust Facility utilises a capture cell design, target materials need to be well-known and 
need to provide a degree of freedom with respect to targeted projectile capture. For example, 
capture cells may be designed to retain volatile ices and "carbonaceous materials" or high solid 
debris from comets or interstellar dust with high entry velocities. Captured materials may be 
contained as vapour deposits of the volatised sample or intact capture of solid debris. The latter 
is probably the most challenging contribution to the field of micrometeoritics. However, intact 
capture will depend on the preference of individual investigators. I will restrict myself to 
capture of fine-grained solids from small Solar System bodies, such as asteroids and comets, 
and interstellar dust. Assuming that these materials are to some extent already present in 
stratospheric dust collections (17], it is clear that these fine-grained materials occur with a 
range of sizes, morphologies and densities [18 - 20) and with a highly variable and complex 
mineralogy [20]. In addition, these particles reach near-Earth space with a wide range of 
velocities ( 1, 21}. 

From a micrometeoriticists point of view, intact capture implies preservation of all original 
chemical, mineralogical, structural and physical properties of the projectile [22]. In this respect, 
original is defined as "those properties of the projectile prior to impact" and may include 
effects introduced during Solar System sojourn, e.g. solar flare tracks. 

Several issues may have to be addressed before we may reliably predict intact survival 
using the Cosmic Dust Facility. For example, a detailed knowledge of the chemical, physical 
and structural properties of the targets is a prerequisite (see companion paper). In addition, it is 
of paramount importance to generate detailed data on physical, mineralogical and chemical 
process that may occur in both projectile and target as a function of kinetic energy, such as 
comminution and loss of volatiles [12, 15]. 

State-of -the art analytical electron microscopy (AEM) will provide the type of data 
required for evaluations of capture cell efficiencies for intact capture. In fact, AEM is already 
established as a suitable technique for studies of lunar samples, meteorites, interplanetary dust 
particles [20, 23] and projectile debris recovered from impacts in Earth-orbiting spacecraft [24 
- 26] and the experimental laboratory [6]. In addition, sample preparation techniques for AEM 
analysis are pluriform, adaptable and flexible to suit any desired analytical purpose. 
Nevertheless, it may be prudent to consider capture cell materials which facilitate sample 
preparation with a minimum of laboratory handling. 

To illustrate the necessity for AEM analysis, I would like to draw attention to a 
preliminary study of recovered projectile material that was fired at 3.9 km/s into an 
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underdense foam. Using SEM data, it was reported that 13% of the projectile survived the 
impact intact, that is "no visible melting or shock damage" [3, 16, 27]. The projectile is an 
o1ivine/FeS/glass microsphere. Ultramicrotomed thin sections of the shocked projectile, as well 
as an unshocked -presumably- reference sample, were prepared for AEM study for in situ 
chemical data. The shocked sample showed considerable mineralogical and chemical variations. 
For instance, FeS occurred with a range of Fe/S-ratios and Mg-rich, Ca-poor (CaO • 0.0 -
0.15 wt%) and Ca-rich (CaO ""' 25.5 wt%) pyroxenes occurred in addition to forsterite olivine. 
The shocked glass, which is probably an alumina-silica glass with variable amounts of Ca, K 
and Na (feldspar glass?), lost its chemical identity almost completely. Sodium and alumina 
entered into the pyroxenes which probably formed by reaction of olivine with silica from the 
glass. 

The AEM results show that the shocked projectile may have experienced serious 
mineralogical and chemical changes. Assuming that comparison with equilibrium phase relations 
is tenable for shock-processes, the pyroxenes suggest formation at 600°C at 1 bar, or 1200°C at 
3 GPa [28]. However, I wish to add the following caveats to this data: (1) sample selection may 
have been flawed as in retrospect it is not unambiguously clear that the unshocked sample is 
indeed a true reference sample, (2) the location of thin sections is not documented with respect 
to the leading-edge of the projectile as it penetrates the target and (3) conditions for complex 
shockwave propagation and sample interaction in the fine-grained, multi-component aggregate 
are poorly understood. 

Nevertheless, the AEM results show that (1) high temperature reactions may occur in 
samples that apparently showed intact impact survival based on SEM results, (2) careful sample 
selection and AEM characterisation prior to the shock experiment is highly desirable, (3) 
laboratory procedures need to be reevaluated in order to minimise, or at least control, sample 
contamination (especially materials used in the experiment) and (4) an interdisciplinary 
approach will clearly benefit the engineering design studies of capture cells to be deployed on 
the Space Station. 
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THE USE OF INFRARED SPECTROSCOPY FOR ANALYSIS OF SAMPLES RETURNED FROM THE 
. SPACE STATION "COSMIC DUST COLLECTION FACILITY," Scott Sandford, NASA/Ames 
,Research Center, Mail Stop 2q5-6, Moffett Field, CA 9q035. 

Mid-infrared (2.5-25 ~m, 4ooo-qoo em-~) spectroscopy provides a 
potentially useful technique for the analysis of microscopic quantities of 
extraterrestrial materials. The usefulness of transmission IR spectroscopy 
for small samples has already been demonstrated for the case of interplanetary 
dust particles (IDPs) collected in the stratosphere (1). IR absorption 
spectroscopy provides a powerful probe of molecular composition since the 
absorption of IR photons depends on changes in dipole moment during atomic 
vibrational transitions in a molecule The frequencies of the photons absorbed 
are determined by the masses of the vibrating atoms and the strengths of their 
mutual bonds. The result is that the vibrational transitions of most chemical 
subgroups produce distinctive IR spectral "fingerprints." Thus, the IR 
spectrum of an unknown material can provide strong constraints on the 
molecular composition of the sample. 

As with most (all) experimental techniques, IR spectroscopy has certain 
advantages and disadvantages. In the case of collected lOPs, a major 
advantage is that the sample ·spectra can be directly compared to the spectra 
of astronomical objects, like comets and asteroids, that are potential sources 
of the dust (1,2). Another advantage of the technique is that it efficiently 
determines the presence of many molecular functional groups, even when these 
subgroups are not part of a crystalline solid. Disadvantages include poor 
sensitivity to molecular units with small oscillatory dipoles during a 
vibrational transition since these modes do not absorb strongly in the 
infrared. Also, it is often difficult to detect minor components of a sample, 
especially if the bands due to the minor component fall in the same spectral 
region as bands associated with a major component. 

In the paragraphs that follow, more specific requirements for IR 
spectroscopy of small samples will be discussed. 

Sample Size Requirements - The ability to obtain useful spectra from 
extraterrestrial samples as small as 15 ~m in diameter has already been 
demonstrated (1). Recent improvements in theIR micro-sampling accessories 
available for scientific use should reduce sample size requirements below this 
value. The lower limit that can be effectively analyzed is ultimately 
determined by diffraction effects associated with the aperture used to mask 
the sample material. Because of these diffraction effects we will probably be 
limited to samples that have sufficient material to be dispersed over a 5x5 ~m 
area. 

Sample Integrity - The power of IR spectroscopy to probe the chemical bonds of 
a sample is largely lost if the sample is atomized during collection (with 
accompanying loss of initial molecular structure). Thus, the major usefulness 
of this technique will be largely limited to samples that have suffered lesser 
amounts of alteration. It should be noted, however, that IR spectroscopy may 
offer a good means of distinguishing between altered and unaltered samples. 
Since the technique is sensitive to small scale order it can be used to 
distinguish between "glassy" or amorphous vapor condensations and crystalline 
sam~l.es ~i th small grain sizes. -. 
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Resolution Requirements - Since all the samples (silicates, carbonaceous 
materials, etc.) returned from the Space Station will be solids, only moderate 
spectral resolution will be required. Resolutions of 1 to 4 cm-1 should be 
sufficient. 

Collection Substrates -Since IR spectroscopy is sensitive to all materials 
with allowed dipole transitions, it is highly desirable to use collection 
substrates that are IR "transparent." Possible materials include salts such 
as alkali-halides (Csi, KBr, etc.), ·Type IIa diamonds, and germanium or 
silicon wafers. The first set of materials have poor thermal and mechanical 
properties and ·are probably not suitable. Diamonds have very nice properties 
for this sort of work but are not practical for obvious reasons. Ge and Si 
wafers are acceptible (Ge has already been used on LDEF (3)), but have the 
disadvantage of being opaque at visible wavelengths. This greatly increases 
the difficulty in positioning samples in the aperture of the IR 
spectrometer. Samples deposited on thin plastic films can probably also be 
examined, although they will suffer from some spectral confusion since all 
plastics contain features a critical frequencies in the mid-IR. 

Ultimately, the most desirable solution is to design the collectors in 
such a way that material can be removed and mounted in appropriate sample 
holders using techniques already being used in the stratospheric IDP field. 

Ground-Based Work Required to Support the Space Station Facility - A certain 
. amount of ground-based work should be done prior to the flight of the Space 
Station package. Two problems in particular should be addressed. First, 
techniques should be perfected so that we have the capability to take IR 
spectra from ultramicrotomed samples (4). This will facilitate comparisons 
between IR and transmission electron microscope studies. It would also 
greatly increase our ability to calculate the absorption coefficients of the 
samples. Present "crush and dispersion" methods make this impossible. 
Second, we need to explore the capabilities and limitations of the latest 
generation of IR microsampling accessories, especially in an attempt to 
determine the lower mass limit that can presently be analyzed. 

Summary - Infrared spectroscopy offers a powerful technique for the analysis 
of microscopic extraterrestrial samples. The technique is especially 
effective when used in conjuction with other experimental techniques. 
Infrared spectroscopy has the unique advantage of allowing for direct 
comparisons between the samples and possible source objects. Some preparatory 
IR laboratory work needs to be done prior to launch of the collectors. 
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NE'f ElPERD!Fm'AL ME'I'IIODS FOR UASREifENT OF DtJST PAITICLES IN 
SPACE BASFJ:l ON POLAUZED POLD!Ei FIUI DE'l'ECTOKS. ,. 

1.A. Siapa011, T. Eeoaoa011, aacS A.1. 'I'Du.oliao, Laboratory for Aatropllyaica 
aad Space Reaearell, Earleo Feral Iaatltute, The Oai?eraity of Cllicaao, 
Cllicaao, Illiaoia 606!7, USA 

A duat particle aEperiaeat II&Yiaa tile capability of aeaauriaa ia apace 
duat particle ••••• Yelocity, particle trajectory, aad clara• atate (0, ~) 
would pro?fde iaportallt acieatlfic iaforaatiOII 011 apace duat. Witll tllia 
iafor.atioa aad a deteraiaatioa of the eleaeatal aad iaotopic oompoaiti011 of 
iadi?idual particles (eitller by aaaple reco?ery or ia aitu allalyaia) it 
becoaea poaaible to deteraiae tile aoarcea of the particlea. 

We ha•e de?eloped a aew claaa of dust particle detector, the PVDF duat 
detector (1) wbicb will aeaaure particle •••• at lliah ?elocity (few ta/a to 
- 100 ta/a) (2), aad at low nlocity (- 100 a/a) U). Tile Uah Yelocity 
capabilities of PVDF duat detectora were deaoaatrated by their ezcelleat 
perfor.aace ill the tlai?eraity of Chicaao duat ezperiaeata (DtJCMA) aboard the 
tJ.S.S.I. VEGA-1 aad VEGA-2 apacecraft duriaa the Bailey comet eacouatera fa 
Marcil 1986 (4-6). Ia thia report we diacuas briefly aoae aew iaatrDaeDt 
de•elopmeata baaed 011 the PVDF duat detector which pro?ide for ia-fliaht 
aeasureaeata of the abo•e duat paraaetera o?er a wide raaae of particle .. ,, 
ud Yelocity. 

We la•e de?elopecS larae-aree (500 ca1 ) PVDF detector• which haYe lleea 
aaseabled iato aoaaica of 0.2 •• area. A auaber of auch aoaaice aay be 
uafolded ia apace or oa a apace atatioa aad pro?ide for larae () 10 a•) 
aeoaetry factor ia reaioas of apace wllere the duat fluz ia ezpected to be 
low. Varioua desia•• ha•e beea proposed for duat aaaaea > - 1o-••a (3). 

PVDF duat detectors lla•e beeu de•aloped which determille the z,y ooor-
dillatea of lapact •• well aa particle ••••· Tllia c011cept fa illuatrated ia 
fiaure 1 aad ia deri?ed from our earlier de?alopmeat of poaitioll aeaaiaa 
aeai-collductor/ailicoa detectora for coaaie ray auclaoll trajactory deter-
aillatioa (7). Thia de?elopaeat aakea it poaaible to deaian all illatraaeat to 
determille the directioll of arri?al of fast dust particle• aad call be com-
biaed with a tiae-of-fliaht arraaaemellt uailll tllia PVDF detactora to 
deteraille particle Yelocity aad aaas (3). Theae poaitioa aeaaiaa duat 
detector• .. y be arrayed ao that a particle (or ita aecoadary fraaaeata) 
will come to reat ia a capture cell ao that aubaequeat reco•ery of auch an 
iastraeeat for aaalyaia oa Earth become• a powerful aeaaa for the idea-
tificatioa of iadiYidual duat particle• aad deter.iaatioa of their orialll. 

Baaed 011 the coacept for dust •alocity aeaauremelltl uaed ia duat ac-
celerators, we laYe allowa tllat apace laatruaeata caa be daaiaaed which 
aeaaure the aaaaitude aad aiaa of the oharae carried by a charaed duat 
particle, thua proYidiaa for a deter.iaatiOII of the charaed/aeutral ratio of 
duat particlea ill apace. A aethod which proYidea for aeaaureaeata of the 
charae, aaaa, aad Yelocity of a duat particle ia illuatrated ia fiaure 2. 

Tile duat iaatruaeata baaed oa PVDF detector• we ha•e deacribed llere 
deaoaatrate the areat Yeraatility of thia aew type of duat detector which, 
whea uaed ia Yarioua co•biaatioaa, caa pro•lde for all of the required 
paraaetera for the aeaaure•eat aad ideatificatioll of duat particle• ill 
apace. 
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DETECTION OF MI~IDS AND ORBITAL DEBRIS USING 
SMM.L SATELLI'I'ES IAUNafED FKM '!HE SPACE SHtJITIE I J. R. steplens 
ani I. B. strcn;J, Ios Al;mrs Natiaal Iaboratory, Ia; Al.am::lS, NM 87545 

For several years, NASA has sponsored a prognm of Get-Away-
Special (G\S) ~iments, carried on a space-available basis in starx3arclize1 
containers mc:unted in the Shuttle bay. SUdl flights are intentionally cheap 
ani relatively s:ilrple to integrate, not least because they are cc:mpletely 
self-oa'ltained with the exception of a few c::x:mnan:)s Wi.ch can be given by 
the Shuttle cr:eM. At a small extra cost an c:penin;J door on the top of the 
cylWrical G\S is available. An excitirxl recent addition has been a system 
that can eject the experimental package fran the GAS can after the door has 
been opened, making the GAS can into a low-cost satellite launcher for 
p.rtti.rx11SO lb spacecraft into law Earth omit. 

'lhe availability of such a law cost alternative to stan.:2rd satellites 
could allow detection of micrareteoroids am omi tal debris an:l the 
detenni.nation of particle trajectories with time an::i cost scales nn.tch less 
than for other omital platforms. SUch small satellites may also provide a 
relatively inexpensive cgx>rtunity to test several generations of particle 
detectors prior to the inoo:rporation of expensive hardware in the Space 
station. 

Defense Systems Inc. (I:'SI) Wich was responsible for the GI.a-1AR 
satellite, one of only two such small spaoec:raft thus far launched, is ncM 

CC~rpletirxl construction of the first three of a series of chemical release 
~iment satellites for the Los Alam::s National Iaboratory. 'lhi.s first set 
is i.ntenied for use in a USAF program for releasirxl rocket fuels in space for 
cbsetvation of interactions with the local space envi.rornnent. Working with 
I:'SI, we have rDtl begun oonceptua1 design 'WOrk for a satellite i.nterrled to 
JOOni.tor the directional, mass, ani velocity distrib.rt:ions of small particles in 
the neighborhood of the Earth. Provided we are able to inject the satellite 
into a high enwgh omit we can find these distrib..Itions as a function of time, 
ani as the satellite's omit decays this is simultaneously also a function of 
a1 ti'b.Da. rue to the law event rate all the data can be stored on board to be 
transmitted as oanvenient to the sinple gramd stations for analysis. In 
addition to the event data ani the requisite halse-keeping infonnation, the 
atti'b.Da of the satellite will need to be monitored to determine the absolute 
d.irectioo of in=iden::le of the particles detected. It is hcped to achieve a life-
time of five years or :more, l!thl.ch will qive aram:i five t1'lalsan:l events per 

· square meter of detector area. 



TECHNOLOGY REVIEW OF UNDERDENSE TARGET MEDIA 

Debra A. Wrobleski 
Materials Science and Technology Division 

P. 0. Box 1663. MS-E549 
Los Alamos National Laboratory 

Los Alamos. NM 87545 

Cosmic dust particles on the order of 10-20 microns(~) with impact 
velocities of 5-20 km/sec are the particles of interest for capture on the 
Space Station. Consequently, material requirements for nondestructive 
capture media for micrometeroids are very severe. The thickness of the 
walls in microcellular polymeric foams or the thin foils for stacked films 
is one of the critical factors for determination of a good candidate 
capture material. In order to capture particles with minimal damage, low 
density porous media with wall thicknesses of less than 1 ~ are desired. (l) 
In addition, choice of material for capture media is dependent upon the 
objectives for analysis of the particle. Elements of interest would need 
to be absent from the capture medium. This requires that a number of 
practical capture media be available. Primary candidates for capture media 
include low density materials such as high porosity foams or stacked thin 
foil films. This review is intended to introduce a range of different 
materials with the required properties for nondestructive capture of cosmic 
dust. 

Many low density materials can be classified as foams. A broad, 
working definition of a foam is any structure that consists of domains of a 
given material separated by voids. The types of foams available range from 
polymeric foams such as polystyrene to inorganic foams such as aerogels. 
In a one dimensional sense, stacked thin films and metal smokes can also be 
considered as foam-type materials. 

Many polymeric low density foams commercially available consist of 
closed cell blown foams with large cell size and wall thickness, 
undesirable characteristics for cosmic dust capture. ?2e route to 
microcellular foams is by the phase separation process< ) dev~loped at Los 
Alamos. A process currently under development at Los Alamos< ) that yields 
similar foam material is the emulsion polymerization of polystyrene. These 
polymeric foams are open cell structures with densities below 0.10 grn/cc, 
cell sizes of -10 ~ and pore size of -1 micron. A few commercial products 
are available including polypropylene foam with density of -0.15 gm/cc with 
pore size of -1 ~ available from PORELON (Johnson Wax) and a polypropylene 
foam consisting of submicron fibers with density 0.06 gm/cc from PALL. In 
addition carbonized foams in the density range of 0.06-0.35 gm/cc are 
available from UNION CARBIDE. Other carbon foams with smaller cell sizes 
and wall thicknesses are under special development in a number of 
laboratories. 
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Another class of foams consists of inorganic aerogel foams. 
Commercially available silica foams with densities of 0.08 gm/cc and lower 
are manufactured by Airglass AB, Lund, Sweden. Early work has shown that 
aerogels can be made of a number of met~l oxides such as alumina, ferric 
oxide, stannic oxide and nickel oxide.< ) The aerogels are friable, 
transparent foams with sub-micron particle size. 

Thin metal foils for capture cells are available from commercial 
vendors such as LEBOW, Co. The metals available include Al, Be, B, C, Cr, 
Co, Cu, Au, Ge, In, Fe, Pb, Mg, Mn, Mo, Ni, Nb, Pt, Se, Si, Ag, Ta, Tb, Sn, 
W, V, Yb, Y, Zn, Zr. Foil thicknesses of submicron ranges are available, 
although a major problem with thin foils is pinholes. Workers at Los 
Alamos h~v5e prepared pinhole free 500 A thick Al and B foils on a wire mesh 
support.~ ) This technique could be applied to other metals. Another 
related technology is the deposition of low density metal blacks or metal 
smokes on thin foils.(S,b) By stacking thin foils coated with metal 
smokes, a low density collector could be developed in which the metal 
smokes act as spacers between the thin foil films. 

There are a number of good candidates for micrometeorite capture 
media. By using a combination of different densities of the same or 
different materials one can fine tune the material to capture a given 
particle size. 
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COMPUTER SIMULATION OF HYPERVELOCilY IMPACT 
OF A PARTICLE ON A MEMBRANE 

by Longwu Wu and Pei Chi Chou 
Department of Mechanical Engineering and Mechanics 

Drexel University, Philadelphia PA 19104 

ABSTRACT 

Foamed material is proposed for collecting cosmic dust. As a dust 

particle hits the foam it impacts the large nu~ber of internal walls in 

the foam and decelerates until it is caught with certain amount of loss 

of mass provided the foam is designed properly for the mass, size, and 

velocity of the particle. 

Experimental as well as numerical investigations can be conducted to 

study the impact phenominon of the particle with the structural 

membrane of the foam so that appropriate foam may be designed and 

the dust particles may be trapped with minimum loss of mass. 

However the experimental testing is a costly and tedious process and 

existing particle accelerators are not able to supply the needed range 

of particle masses and velocities. In this work computer was utilized 

to simulate the normal impact of a particle on a thin membrane. In 

computer simulation parameters such as density, size, velocity of the 

particle and thickness, material constants of the membrane can be 

easily varied. With limited amount of experiments the results from the 

numerical calculation can be used to aid the design of the foam. 

The basic computer program used for the work is a finite-element 

Lagrangian program named as DEFEL which is derived from the EPIC-2 
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program orig inally developed to simulate high-velocity impact in 

matels and later modified to handle explosive-metal interaction. After 

years of improvement DEFEL can accurately handle the sliding between 

two materials and failure of elements. 

For simplilcity in the simulation the particle was assumed to have a 

spherical shape. The particle was represented by an assemblage of 

triangular elements of different size, bigger inside the particle and 

smaller on the surface. The membrane was handled by one layer of 

composite elements each of which consists of two triangluar elements. 

Elements of both the particle and the membrane were allowed to fail 

based on criteria such as melting temperature, effective strain and so 

on. The temperature and pressure rise at the particle surface, the 

momentum loss of the particle were recorded. Reasonable results were 

obtained. Attatched is a geometry plot of the system after the impact 

and errosion is seen on the particle surface. 

With further improvements of the program, more calculations, and 

comparison of the results with experiments material constants of the 

membrane and failure criteria of both the particle and the membrane 

can be correctly selected. Therefore the relations between the amount 

of errosion, momentum loss of the particle and the thickness, material 

constants of the membrane can be accurately obtained. The data from 

the calculations will facilitate better design of the foam material for 

the dust collector. 



MICROCELLULAR PLASTIC FOAMS 
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Collection and analysis of extraterrestrial dust particles can 
provide extensive information about the formation and evolution of our 
solar system. Thus, one of the major goals in the science of our solar 
system is large-scale sample return of interplanetary and comet dust 
particles. Large-scale sampling can also aid scientists in answering 
questions such as what degree of contribution the asteroids and comets 
make to the interplanetary dust cloud . {1) 

A low-cost, simple, fly-by mission has been proposed to sample a 
comet coma and return the coma materials to earth using a free-return 
trajectory. (2) Extensive research is being conducted by scientists at 
NASA's Jet Propulsion Laboratory in Pasadena, California, on a variety of 
methods of capturing intact comet coma material for just such a mission. 
The results of this study using low density materials as the capture 
medium are summarized elsewhere in this workshop technical report. {3) 

Extensive work has been done at Los Alamos and elsewhere on the 
development of low density , microcellular plastic foam materials for a 
variety of high-energy physics experiments. {4) An example of just such a 
material, i.e., a low density TPX foam, can find application as an intact 
capture medium. TPX is a commercially available polymer composed of 
poly(4-methyl-l-pentene) copolymer with <5% polyoctene and polyhexene . 
The TPX foams are not commercially available, but are prepared by a 
relatively new process called a phase separation process. 

Presently, the requirements for a good capture foam is low density 
(-0.02 g/cm3) and as low of cell size as possible (preferably <1 ~). 
These requirements eliminate virtually all commercially "blown" plastic 
foams for this application. Such commercial foams can be obtained with 
densities down to -0.01 g/cm3, but with cell sizes in the hundreds of 
microns. Usually 3one has to prepare blown plastic foams in the density 
range of -0.1 g/cm before cell sizes in the desired range are obtained. 
TPX foams can be made at densities of 0.02 g/cm3 and with cell sizes in 
the 10-~ region . 
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We found that a phase separation process could be used to manufac-
ture rigid plastic foams suitable for intact particle capture. The basic 
technology explores a variety of physical and chemical approaches which 
result in the formation of two phase systems, one of the phases being 
composed of a rigid polymeric structure. In the initial stages of the 
process, a single, homogeneous liquid phase is prepared. By applying a 
nonsolvent, chemical, or thermal cooling process to this homogeneous 
solution in a controlled manner, two distinct phases are obtained. These 
phases are made up of a rigid plastic phase and a phase consisting of 
either a continuous rigid plastic phase with "droplets" of the solvent 
dispersed throughout or two bicontinuous phases where both the plastic 
and the solvent are interpenetrating, continuous labyrinthine phases. In 
either case, removal of the solvent phase leaves the desired plastic 
foam. 

In the process for the preparation of the TPX foam, a homogeneous 
solution of the polymer is cooled at an elevated temperature under con-
trolled conditions until the solution gels. Immediately after gellation, 
crystallization of the polymer occurs. This crystallization is important 
in the subsequent isolation of the foam. For most linear polymers, like 
polyethylene and polypropylene, gel states can be obtained from ap-
propriate solvents; however, many of these polymer gels collapsed when 
attempts were made to remove the solvent phase. Those systems in which a 
mLnLmum amount of dimensional change occurs during solvent removal hap-
pened to involve those linear polymers which showed a high degree of 
crystallinity in the final foam state. 

The phase separation process offers a wide variety of rigid, low 
density, microcellular foams for study in dust collection . For example, 
aerogels can be made by a chemically induced process with subsequent 
removal of the methanol solvent by evaporation at its critical point. 
Linear polymers can also be converted to foams if high molecular weight 
materials are used and the solvent is first exchanged with liquid COz and 
the COz is then removed at its critical point. These materials offer 
opportunities as intact collectors in future studies. 
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THE NATURE AND CONSEQUENCES OF PARTICULATE SPACECRAFT DEBRIS MATERIAL IN 
THE SPACE STATION ENVIRONMENT 
Michael Zolensky, SN2jNASA, Johnson Space Center, Houston, TX 77058 

Introduction The primary purpose of the Cosmic Dust Collection Facility 
for the Space Station is to permit collection of extraterrestrial 
particles with their trajectories and velocities. However, 
anthropogenic material will be unintentionally collected as well. In 
order to determine the nature and abundance of particulate material in 
low-earth orbit workers have recently examined hardware surfaces 
returned from the Solar Maximum Satellite [1-3]. Since these space 
exposed surfaces (thermal blankets and louvers) served as unintentional 
debris collectors no efforts were made by the original designers to 
provide for the intact collection of particulate samples. Thus, 
examination of impact craters in these Solar Max surfaces has revealed 
that the vast majority of impacting particles were completely melted 
and/or vaporized, with the loss of critical structural and compositional 
information. 

In a complementary study representative chemical, structural, and 
morphological analyses of the solid particles from three impaction 
collection surfaces, which sampled in the stratosphere with no damage to 
the particles, have been performed [4-6]. These collections sampled the 
stratosphere at approximately 17-19 km in altitude during 1976, 1981, 
and 1984. For these sampling periods the total stratospheric solid 
particle number densities have been determined to be 0.085, 0.16, and 
1.8 particlesjm 3 of air, respectively. This rise in solid particle 
number density for the stratosphere over the collection period is likely 
due to the influx of solid rocket exhaust, and rocket and satellite 
debris into the atmosphere in increasingly larger amounts with time. 
Some of this material is shed from spacecraft during ascent through the 
atmosphere, but the majority is probably provided by the descent of 
material from the growing belt of debris in low-earth orbit. The number 
of spacecraft debris particles, as measured in the stratosphere, has 
presently grown to the point where it exceeds that of extraterrestrial 
particles by at least a factor of ten, a relation which will worsen with 
time. The consequences of this sudden (and continuing) increase in 
spacecraft debris particle abundance for Cosmic Dust collection efforts 
at the Space Station are summarized . 

Nature As summarized by others [6], there should be four main sources 
of solid particulate spacecraft material in low-earth orbit. These are 
(1) solid rocket fuel exhaust, (2) solid rocket motor (SRM) ablation, 
(3) thermal reflective paint from the outer hulls of spacecraft and (4) 
ablating hardware from satellites and discarded rocket sections, some of 
which have exploded. 

Solid rocket fuel containing an aluminum additive produces spherical 
grains composed predominently of various phases of alumina. SRM parts 
most subject to abrasion (and consequent shedding of particulates) are 
(a) the nozzle, composed of asbestos, graphite, Fe-Ni-Cr alloys, and 
ceramic refractories, (2) a carbon phenolic cloth liner and (3) motor 
insulation, composed of asbestos, silica and carbon composites. The 
thermal reflective paints most commonly employed for spacecraft contain, 
variously, alumina, Ti02, ZnO, potassium silicates, CoO, Co203, Zn2Ti04, 
CaO, CaSi03, NiO, MgO, talc, sulfates and poorly graphitized carbon. 
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The ablation of satellites and spacecraft provides an almost endless 
variety of solid particulate material, but this should consist mainly of 
metallic aluminum and Fe-Ni-Cr alloys. 

Consequences Since the majority of the spacecraft debris materials are 
composed of refractory metals, oxides and silicates it will, on a first 
order basis, be possible to distinguish most captured spacecraft debris 
particles from ~ extraterrestrial particles. However, it may 
generally be impossible (or extremely tedious, at the very least) to 
distinguish captured spacecraft debris particles from refractory 
interplanetary dust particles [7]. There is also much carbonaceous 
material present within spacecraft [6]. It may be very difficult to 
discriminate between this material and extraterrestrial carbonaceous 
particles, the collection of which is a primary goal of the Cosmic Dust 
Facility. 

Most of the spacecraft debris particles in low-earth orbit have a 
velocity of approximately 7 km/sec [6], and a significant fraction of 
micrometeoroids will have a similar velocity, relative to a rear-facing, 
flat, Space Station sampling plate [8]. These (relatively) low-velocity 
extraterrestrial particles will be the easiest to capture in an unmelted 
state, and are thus of great interest. Thus, from the perspective of 
the operation of the Space Station Cosmic Dust Facility, it may be 
impossible to distinguish this important subset of extraterrestrial 
particles from a volumetrically superior population of spacecraft debris 
grains. 

Since the majority of particle impacts upon the Cosmic Dust Facility 
will be due to spacecraft debris particles, the contamination of 
extraterrestrial particles by the melt and vapor residues from impacting 
debris will be a major problem. Extraterrestrial particles with the 
largest velocities may penetrate more deeply into some capture cells, 
escaping the contamination threat, but these particular particles are 
also the most likely to be completely vaporized during collection. 
Since most of the spacecraft debris material is composed of refractory 
elements [6], this contamination problem will most severely compromise 
refractory extraterrestrial materials [7]. 

Finally, numerous impacts upon the facility capture cells by 
spacecraft debris material will increase the rate of erosion of capture 
cell media by ionized oxygen and nitrogen atoms present in the Space 
Station environment. It may be necessary to engineer guards against 
this process into capture cells. 
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ON COSMIC DUST TRAJECTORY MEASUREMENTS AND EXPERIMENT POINTING 
CONSIDERATIONS H.A. Zook, SN3, NASA Johnson Space Center, Houston, TX 77058 

With the addition of the Cosmic Dust Facility to the upcoming multi-
national Space Station, it should be very possible to do important new 
cometary, asteroidal, and other science on dust ~rains collected with this 
Earth-orbital facility. Such science will certa1nly follow for those 
individual grains, as noted earlier (1), for which one can uniquely 
associate a sin~le parent body (comet, asteroid, moon, interstellar grain, 
or an Earth-orb1tin~ man-maded satellite). The association in mind here is 
an orbital associat1on between parent body and daughter dust grain. When 
the association is established, analyses of the dust grain then become 
analyses of the associated parent body. Even when a unique association is 
not possible, it may still be possible to associate a dust grain with some 
broad family of parent bodies (e.g., the main belt asteroids). 

There are two requirements that must be fulfilled in order to make an 
orbital association: (1) The orbit of the dust grain must be established 
through an accurate measurement of the trajectory of the dust grain when it 
impacts the detector, and (2) the different evolutionary paths of the orbits 
of the parent body and dust grain since separation must understood . It 
should be a high priority current effort to establish the latter 
understanding for a variety of potential parent objects. This effort should 
probably proceed on both analytical and numerical analyses grounds. For 
example, on analytical grounds it is known that the "Tisserand invariant" 
is, indeed, approximately invariant (2) under gravitational scatterin9 when 
a particle passes near a planet. Also, under Poyntin9-Robertson (P-R) drag 
alone, there1is another constant, C, of the motion (3), where 
Csa(l-e2)e-4 ~. Orbital inclination, argument of perihilion, and ascending 
node also remain unchanged under P-R drag. If, however, multiple scattering 
by Jupiter occurs while P-R drag is operating, followed by P-R drag alone 
and then, perhaps, scattering by Earth and Venus before being detected, it 
is not now clear what signature of its original orbit is still carried by 
the particle. For this reason, it is important to carry out numerical 
analyses of the possible evolutionary paths such as those done by Burkhardt 
(4) and Gustafson and Misconi (5). Insi~hts may be gained through such 
analyses that would be difficult to obta1n under mathematical analyses 
alone. 

It is possible that most of the grains smaller than about 100 microns in 
diameter at 1 AU derive from the main belt of asteroids via P-R drag (6; 
Note also IRAS observations, 7). Such grains would undergo multiple 
scattering by the Earth and Venus (4,5) and it may be difficult to recognize 
individual sources for these grains; but it may well be possible to ascribe 
them to the main belt. It has to be examined whether or not they can be 
separated by some criteria from such low relative velocity streams as the 
Bielids (16 km/s), the Giacobinids (23 km/s), or the Taurids (30 km/s) (e.g. 
8,9). Streams that intersect the Earth with high relative velocity should 
present few problems. 

Finally we should consider how a cosmic dust sensor should be pointed 
relative to the orbital motion of the space station to which it is attached. 
look (10) noted that from 6 to 9 times as many meteoroids are likely to 
impact a sensor facing in the apex (or forward-looking) direction of 
spacecraft motion as would impact a sensor facing in the antapex direction. 
However two disadvantages accrue from facing in the apex direction: (1) mean 
impact velocities are typically 7 or 8 km/s higher on the apex-facing sensor 
than on the antapex-facing sensor, and (2) the accuracy of velocity 
measurement is degraded by a factor of about two. The first disadvantage 
means that it will be much more difficult to recover relatively intact oust 
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projectiles from an apex-facing sensor than from an antapex-facing sensor. 
The second disadvantage will only be important if experimental trajectory 
measurements are not able to obtain sufficient trajectory accuracy to 
cleanly identify cosmic dust grains from different source bodies and 
recognize their different origins. Whether or not this is a significant 
problem awaits further study of the parent-daughter recognition problem. 

One may also want to point somewhat upward away from the Earth to avoid 
Earth shielding as much as possible. At 500 km the Earth's horizon is about 
22 degrees below the local horizontal. Again here, one will have to decide 
whether one wants increased flux at, perhaps, some cost in increased 
velocity and the associated increased damage to the impacting meteoroid. 
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