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In t roduc t ion .  Exposure t o  space environment causes  t h e  lunar  s o i l  

s u r f a c e  p a r t i c l e s  t o  adhere t o  each o ther  forming g r a i n  c l u s t e r s  wi th  low 
bulk dens i ty .  This  phenomenon i s  l i k e l y  t o  be  of g e n e r a l  importance f o r  
aggregat ion of g r a i n s  i n  space now and i n  t h e  p rep lane ta ry  h i s t o r y  of t h e  
s o l a r  system. Our previous  i n v e s t i g a t i o n s  have shown t h e  adhesion f o r c e s  
t o  be e l e c t r o s t a t i c  and due t o  p e r s i s t e n t  i n t e r n a l  p o l a r i z a t i o n  (1,  2 ) .  

The purpose of t h e  p r e s e n t  r e s e a r c h  i s  t o  c l a r i f y  exper imental ly  t h e  
d e t a i l e d  n a t u r e  of t h i s  phenomenon, t o  measure t h e  magnitude of t h e  a t t r a c -  
t i v e  f o r c e  between i n d i v i d u a l  g r a i n s  and t o  i n t e r p r e t  t h e  r e s u l t s  i n  terms 
of p a r t i c l e  behavior on t h e  Moon. During exposure t o  corpuscular  r a d i a t i o n  
p r i m a r i l y  from t h e  Sun, t h e  g r a i n s  have been sub jec ted  t o  s t r u c t u r a l  
d i so rder ing  and charge along t h e  t r a c k s  of p e n e t r a t i n g  i o n s  and t o  depos i t ion  
of mass i m p u r i t i e s  and charge a t  t h e  end of t h e  pa ths  of implanted i o n s .  
Local charge accumulations so  obtained a r e  l i k e l y  t o  become po la r ized  even 
i n  low i n t e n s i t y  f i e l d s  such a s  t h e  Moon's s u n l i t  s i d e .  

Comparison of t h e  e l e c t r o s t a t i c  adhesion i n  top and bottom s t r a t a  of 
t h e  Apollo 12 double core  where the  age r e l a t i o n s h i p s  a r e  approximately 
known show t h a t  t h e  adhesion a l though percep t ib ly  decayed, s t i l l  p e r s i s t s  
a f t e r  b u r i a l  t imes es t imated t o  be of t h e  order  of 107 y e a r s  (1). 

Object ives  and achievements. The primary o b j e c t i v e s  of t h e  p resen t  
i n v e s t i g a t i o n  have been: 

1 )  ' t o  determine magnitude of d i p o l e  moments of i n d i v i d u a l  g r a i n s .  
2 )  t o  compare t h e  d i p o l e  c h a r a c t e r i s t i c s  be fore  and a f t e r  removal of 

mobile s u r f a c e  charges  i n  order  t o  d i s t i n g u i s h  between s u r f a c e  p o l a r i z a t i o n  
and i n t e r n a l  d ipo le .  

3) t o  e s t a b l i s h  dependence of d ipo le  s t r e n g t h  on parameters such a s  
mass, composition and s t r u c t u r e  of t h e  g r a i n s .  

4 )  t o  examine changes i n  d i p o l e  s t r e n g t h  induced by s tepwise  removal 
of t h e  s u r f a c e  l a y e r  of i r r a d i a t e d  g r a i n s .  

Techniques have been developed f o r  two independent approaches f o r  
measurement of d i p o l e  moments. F i r s t ,  us ing a  dynamic technique,  g r a i n s  i n  
f r e e  f a l l  i n  vacuum were sub jec ted  t o  e l e c t r o s t a t i c  a t t r a c t i o n  i n  an axi-  
symmetric f i e l d .  I n  t h e  o t h e r  technique,  t h e  volume p o l a r i z a t i o n  of t h e  
lunar  dust  was examined under s t a t i c  cond i t ions .  The d i e l e c t r i c  cons tan t  of 
powder samples i s  being determined i n  a  p a r a f f i n  mat r ix  under two condi t ions  
a )  g r a i n s  i n  random o r i e n t a t i o n ;  b) t h e  g r a i n s  e l e c t r i c a l l y  a l igned wi th  
r e s p e c t  t o  f i e l d  l i n e s  i n  an  homogeneous e l e c t r i c  f i e l d .  New exper imental  
devices  have been cons t ruc ted  f o r  both  techniques .  

Two independent techniques  have a l s o  been used f o r  e l imina t ion  of su r -  
f a c e  charges.  I n  one approach thermal ly  s t imula ted  d i scharg ing  by i n f r a r e d  
hea t ing  was employed. A s  a  complementary technique,  t h e  most heav i ly  
i r r a d i a t e d  s u r f a c e  l a y e r  was removed by t reatment  w i t h  d i e l e c t r i c  s o l v e n t s .  
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The e f f e c t  on t h e  d i p o l e  s t r e n g t h  of t h e  removal of a 500-1000 1 l a y e r  
was examined i n  i n d i v i d u a l  g r a i n s  a s  w e l l  a s  i n  bulk powder samples. 

The a x i s m e t r i c  e l e c t r i c  f i e l d  f o r  measurement of d i p o l e  moments. The 
p r i n c i p a l  components of t h e  device  f o r  examination of g r a i n  behavior i n  
f r e e  f a l l  i n  a non-homogeneous e l e c t r i c  f i e l d  a r e  a c e n t r a l  w i r e  e l e c t r o d e  
(10pm diameter)  a t  p o t e n t i a l s  up t o  2000 v o l t  and a f i e l d  l i m i t i n g  b r a s s  
cy l inder  a t  ground p o t e n t i a l  (Fig.  1 ) .  The p o t e n t i a l  d i s t r i b u t i o n  i n  t h e  
f i e l d  i s  shown i n  Fig .  2. The g r a i n s  a r e  introduced i n t o  t h e  f i e l d  through 
an a p e r t u r e  a t  a d i s t a n c e  of 0 .3  cm from t h e  f i e l d  a x i s .  The device  is  
operated i n  a vacuum of 10-5 Torr wi th  e x t e r n a l  c o n t a c t s  f o r  t h e  h igh  
vo l tage  and a v i b r a t o r  i n  con tac t  wi th  t h e  g r a i n  supply funne l .  O p t i c a l  and 
scanning e l e c t r o n  microscope techniques  were employed f o r  i d e n t i f i c a t i o n  
and measurement of g r a i n  dimensions and l o c a t i o n s  on t h e  w i r e  e l e c t r o d e  at  
s i t e s  of con tac t  where t h e  g r a i n s  remain adhered. Figure  3 shows a s e c t i o n  
of t h e  c o l l e c t o r  e l e c t r o d e .  Several  g r a i n s  s tand on end d i s p l a y i n g  smal l  
con tac t  a reas .  

The behavior of Apollo 17 s o i l  g r a i n s  i n  t h e  e l e c t r i c  f i e l d  was compared 
wi th  t h a t  of t e r r e s t r i a l  a u g i t e  of s i m i l a r  p a r t i c l e  s i z e .  

Dipole moments of lunar  g r a i n s  i n  ~ ~ o l l o  17 s o i l .  The logar i thmic  
c o r r e l a t i o n  between d i p o l e  moment and g r a i n  mass i n  sample 78501.14 i s  
shown i n  Figure 4.  The d i p o l e  moments range from l o 9  t o  1013 Debye 
(ID = 10-18 esu) . Simi la r  d i s t r i b u t i o n s  a r e  found f o r  samples 75081.63, 
72501.14 and 75810.53. 

The s c a t t e r  of d i p o l e  moments around the  l e a s t  square  average curve 
AB is  probably due t o  d i f f e r e n c e s  i n  g r a i n  composition, s t r u c t u r e ,  i r r a d i a -  - 
t i o n  h i s t o r y  and geometry. The es t imated experimental  e r r o r s  a r e  smal l  
compared t o  t h i s  s c a t t e r .  The experimental  d a t a  a r e  discussed i n  a com- 
panion paper (4) .  
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F igure  1. Device f o r  d i p o l e  
moment determinat ion i n  an 
axisymmetric e l e c t r i c  
f i e l d  w i t h  a  c e n t r a l  h igh  
vo l tage  e l e c t r o d e .  
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Radial Dis:oncc from tna Wire Eleclrode Figure  4. Lunar g r a i n s  adhered on t h e  
c o l l e c t o r  w i r e  e l e c t r o d e .  Scanning 

Figure 2. F i e l d  p o t e n t i a l  a s  a  e l e c t r o n  micrograph. Magnif icat ion 
func t ion  of a x i a l  d i s t a n c e .  
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