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There has r e c e n t l y  been enhanced i n t e r e s t  i n  the  study o f  small par-  
t i c l e s  i n  the  s o l a r  system. I n  t he  near-earth environment, t h i s  i n t e r e s t  i s  
centered on the  h igh  v e l o c i t y  i n t e rp l ane ta r y  dust  p a r t i c l  edl', presumably 
the  debr i s  from comets, meteor i tes,  o r  from t h e i r  i n t e r a c t i o n  w i t h  o ther  
so l a r  system bodies. Another i n t e r e s t  a r i ses  from the  d e s i r a b i l i t y  o f  c o l -  
l e c t i n g  a dust  sample on a rendezvous mission t o  a comet. Important con- 
s ide ra t ions  i n  designing a c o l l e c t i o n  scheme f o r  such missions a re  freedom 
from contamination by t he  spacecraf t  o r  by t he  c o l l e c t i n g  medium, e f f i c i e n c y  
of co l l ec t i on ,  and c o l l e c t i o n  o f  a sample o f  adequate s i z e  w i thou t  undue 
exposure of t he  spacecraf t  t o  the  hazards of the cometary environment. 

A co l d  surface such as t h a t  o f  a s o l i d  f i l m  o f  xenon would appear t o  be 
a t t r a c t i v e  from the  s tandpoin t  o f  these cons t ra in ts .  The noble gas nature 
would maximize the  p r o b a b i l i t y  o f  preserv ing t he  p r i s t i n e  nature o f  the  
co l l ec ted  dust, s p e c i f i c a l l y  avo id ing  contamination by l i g h t  chemical 
elements such as C, N, 0 and f. The hazards t o  t he  spacecraf t  from the  comet 
environment cou ld  be minimized by having a r e l a t i v e l y  l a r g e  area o f  co l l ec -  
t i o n  and then subsequently concent ra t ing t he  co l l ec ted  sample on t o  a small 
area. 

I n  order  t o  exp lore t he  p o s s i b i l i t i e s  o f  t h i s  concept, a gas j e t  
acce le ra to r  has been const ructed (see Fig.  1)  t o  acce lerate  micron-size dust  
p a r t i c l e s  t o  v e l o c i t i e s  o f  %300 m/sec. Th is  i s  t he  range o f  v e l o c i t i e s  
expected f o r  dust  p a r t i c l e s  e jec ted  from a cometary nucleus dur ing  passage 
near t he  sun!2' The acce le ra to r  operates on t he  p r i n c i p l e  o f  pumping a gas 
through a c a p i l l a r y  l ong  en0u.h so t h a t  the  gas emerges a t  sonic v e l o c i t i e s ,  9 ca r r y i ng  along t he  p a r t i c l e s !  'The gas i s  separated from the  p a r t i c l e s  by 
s k i m e r s .  The l a r g e r  momentum o f  the  p a r t i c l e s  keeps them going forward 
through t he  skimmer ho les wh i l e  t he  h igher  t ransverse v e l o c i t y  o f  the  gas 
molecules ac ts  t o  remove them from the  beam i n  t h e  regions between the  
skimmers. Using argon as a ca r r y i ng  gas produces p a r t i c l e s  o f  about 300 m/ 
sec; hel ium accelerates p a r t i c l e s  t o  -1000 m/sec. Less energet ic  p a r t i c l e s  
can be produced by s lowing them down by appropr ia te  amounts o f  s t a t i ona ry  
gas a f t e r  acce lerat ion.  

I n  order  t o  study t he  behavior o f  micron-size p a r t i c l e s  convenient ly,  
dust  t h a t  f luoresces under t he  i n f l uence  o f  near UV l i g h t  has been used. 
Both CaC03 impregnated w i t h  a dye, and ZnS p a r t i c l e s  have been accelerated. 

The a b i l i t y  o f  so l  i d  xenon a t  -188°C t o  catch p a r t i c l e s  a t  these 
v e l o c i t i e s  has been demonstrated (see Fig. 2 ) .  M ic roc rys ta l  1 i n e  so l  i d  xenon, 
IL0.1g/cm2 prepared by vapor depos i t i on  a t  low temperatures, has been found 
t o  be approximately as e f f e c t i v e  i n  c o l l e c t i n g  accelerated p a r t i c l e s  as an 
o i  1 -covered metal p l a t e  a t  room temperature. 
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S i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  a b i l i t y  o f  metal  sur faces t o  ca tch  f a s t  
p a r t i c l e s  have been noted:  d r y  p a r t i c l e s  appear t o  bounce o f f  sur faces 
apprec iab l y  more than i f  t h e y  have been produced by evapora t i on  o f  a c a r r i e r  
so lvent .  Th i s  may be r e l a t e d  t o  t h e  presence o f  r e s i d u a l  s o l v e n t  on t h e  
p a r t i c l e s  a t  t he  t i m e  o f  impact. Also, t h e  s t i c k i n g  p r o b a b i l i t y  o f  p a r t i c l e s  
t o  metal  sur faces appears t o  be s e n s i t i v e  f u n c t i o n  o f  t h e i r  v e l o c i t y .  

These s tud ies  suggest t h a t  s o l i d  xenon c o l l e c t i o n  o f  cometary dust  on 
a comet rendezvous m i s s i o n  i s  f e a s i b l e .  The samples c o l l e c t e d  would be 
adequate f o r  examinat ion by ins t ruments  onboard t h e  spacecraf t  and speci  fi - 
c a l l y ,  l a r g e  enough f o r  accura te  and complete chemical a n a l y s i s  by a lpha- 
pro ton-x- ray   method^!^' 
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F i g .  1 Dust accelerator .  

F i g .  2 $300 m/sec pa r t i c l e s  embedded in sol id xenon f i lm ($0.3 mm th ick)  
a t  -188 C.  Some of the pa r t i c l e s  a re  not in focus because they end 
u p  a t  various depths in the fi lm. The f u l l  picture represents an 
actual area of $10 mm2. 
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