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Severa l  mechanisms f o r  t h e  c a p t u r e  of t h e  moon by t h e  e a r t h  have been 
suggested which invo lve  passage of t h e  moon o r  a  l a r g e r  proto-moon w i t h i n  t h e  
Roche l i m i t  of t h e  earth-moon sys tem( l r2 ,3 ,4 ,5 ) .  This  s i t u a t i o n  could a r i s e  
f o r  a  hyperbo l i c  o r b i t  be fo re  c a p t u r e  o r  an  e l l i p t i c a l  one of h igh  
e c c e n t r i c i t y .  Models of a c c r e t i o n  have shown t h a t  such a  l a r g e  body would be 
l i k e l y  t o  a c c r e t e  nea r  e a r t h  o r b i t ( 6 ) .  Some workers have suggested t h a t  a  
body would no t  be broken up by such a  passage (2 ,3 ) ,  whi le  o t h e r s  have h e l d  
t h a t  i t  would(4,5).  Aggarwal and oberbeck(7)  have i n v e s t i g a t e d  t h e  s t r e s s e s  
i n  s p h e r i c a l  bodies a t  d i f f e r e n t  d i s t a n c e s  from t h e  e a r t h .  They f i n d  t h a t  
such a  body would break i n t o  smal le r  bod ies  on coming c l o s e  t o  t h e  e a r t h .  The 
d i s t a n c e  from e a r t h  would depend on t h e  s i z e  and d e n s i t y  of t h e  body, but  i t  
i s  w i t h i n  about two e a r t h  r a d i i .  Th i s  i s  no t  t h e  c l a s s i c a l  Roche l i m i t ,  s i n c e  
a  body pass ing  c l o s e  t o  e a r t h  f o r  on ly  a s h o r t  t ime cannot deform t o  f i l l  an  
g r a v i t a t i o n a l  e q u i p o t e n t i a l  s u r f a c e .  Thus t h e  s e l f  g r a v i t a t i o n  of t h e  more 
n e a r l y  s p h e r i c a l  body w i l l  be g r e a t e r  than  f o r  t h e  body f i l l i n g  a  Roche 
e q u i p o t e n t i a l .  

C a l c u l a t i o n s  a r e  p resen ted  on t h e  dynamics of t h e  passage of a  moon-sized 
o r  l a r g e r  body pass ing  w i t h i n  t h e  l i m i t  of breakup a s  e s t ima ted  by(7) .  The 
fragments of t h i s  body a r e  not  g r a v i t a t i o n a l l y  bound t o g e t h e r  when c l o s e  t o  
e a r t h .  The t r a j e c t o r i e s  of t h e s e  f ragments  a r e  followed t o  determine i f  they  
s e p a r a t e  i n t o  d i f f e r e n t  o r b i t s  o r  i f  t h e i r  mutual g r a v i t a t i o n a l  a t t r a c t i o n  
p u l l s  them t o g e t h e r  when they  move away from e a r t h .  Next t h e  case  of a n  
approach so c l o s e  t o  t h e  e a r t h  t h a t  f ragments  of t h e  body would c o l l i d e  w i t h  
t h e  e a r t h  i s  considered.  Here on ly  t h e  t r a j e c t o r i e s  of t h e  f ragments  which do 
not c o l l i d e  wi th  e a r t h  a r e  followed. 

The method used h e r e  i s  t o  cons ide r  t h e  body t o  have fragmented,  on c l o s e  
approach t o  t h e  e a r t h ,  i n t o  an  assemblage of p a r t i c l e s  he ld  t o g e t h e r  on ly  by 
g r a v i t y .  The t r a j e c t o r i e s  of t h e  p a r t i c l e s  a r e  followed by numerical  
i n t e g r a t i o n  of t h e  equa t ion  of motion f o r  each p a r t i c l e .  The p a r t i c l e s  a r e  
taken t o  be s p h e r i c a l  f o r  s i m p l i c i t y  (see  f i g u r e ) .  The a c c e l e r a t i o n  of each 
p a r t i c l e  i s  due on ly  t o  t h e  g r a v i t a t i o n a l  a t t r a c t i o n  of t h e  o t h e r  p a r t i c l e s  
and t h e  e a r t h .  A t  each t ime s t e p  t h e  p o s i t i o n s  of t h e  p a r t i c l e s  a r e  
c a l c u l a t e d  and from t h e  r e l a t i v e  p o s i t i o n s  t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n s  a r e  
computed. The changes i n  p o s i t i o n  and v e l o c i t y  a r e  c a l c u l a t e d  under t h e  
assumption t h a t  t h e  a c c e l e r a t i o n  i s  c o n s t a n t  dur ing t h e  t ime s t e p .  The t ime 
s t e p  f o r  t h e  runs  i s  reduced u n t i l  f u r t h e r  r e d u c t i o n  h a s  no a p p r e c i a b l e  
e f f e c t  on t h e  t r a j e c t o r i e s .  The i n i t i a l  c o n d i t i o n s  f o r  t h e  runs  a r e  w i t h  t h e  
body a t  c l o s e s t  approach t o  t h e  e a r t h  and a l l .  t h e  p a r t i c l e s  moving a t  t h e  
escape v e l o c i t y  of t h e  c e n t e r  of  mass of t h e  body r e l a t i v e  t o  t h e  e a r t h .  I n  
t h e  case  of fragments of  t h e  body c o l l i d i n g  wi th  t h e  e a r t h  t h e  c a l c u l a t i o n  i s  
s i m i l a r  except  f o r  t h e  i n i t i a l  c o n d i t i o n .  The r u n s  s t a r t  a t  c l o s e s t  approach 
t o  t h e  e a r t h ,  but  a l l  t h e  p a r t i c l e s  which c o l l i d e  a r e  taken t o  have ze ro  
v e l o c i t y .  

I n  a l l  the  c a s e s  wi thou t  c o l l i s i o n  it i s  found t h a t  t h e  body of p a r t i c l e s  
moves a p a r t  when c l o s e  t o  t h e  e a r t h ,  but  i s  bound t o g e t h e r  when it i s  s e v e r a l  
e a r t h  r a d i i  away. This  i s  c o n s i s t e n t  w i t h  t h e  suggest ion(2 .3)  t h a t  t h e  moon 
could have come w e l l  w i t h i n  t h e  Roche l i m i t  w i thou t  permanent breakup. The 
sugges t ion  t h a t  p a r t i a l  c a p t u r e  of m a t e r i a l  from a l a r g e r  p ro tomoon  coming 
wi th in  t h e  Roche l i m i t ( 4 , 5 )  does n o t  seem p o s s i b l e .  The c o l l i s i o n a l  case  h a s  
some i n t e r e s t i n g  consequences. The p a r t i c l e s  which do no t  c o l l i d e  w i t h  e a r t h  
a r e  i n i t i a l l y  moving a t  g r e a t e r  t h a n  t h e i r  escape v e l o c i t y  r e l a t i v e  t o  t h e  
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e a r t h .  Because they  have t o  escape t h e  p o t e n t i a l  f i e l d  of t h e  p a r t  of t h e  
body which c o l l i d e s  a s  w e l l  a s  t h a t  of t h e  e a r t h ,  t h e i r  o r b i t  becomes bounded 
around t h e  e a r t h .  A s  w i t h  t h e  o t h e r  c a s e s  t h e  p a r t i c l e s  a r e  g r a v i t a t i o n a l l y  
held  t o g e t h e r  i n  one body o r b i t i n g  t h e  e a r t h .  The d i f f e r e n c e  between t h i s  
mechanism and t h e  one suggested by Cameron and Ward(1) i s  t h a t  t h e  f ragments  
of t h e  body which do no t  c o l l i d e  w i t h  t h e  e a r t h  a r e  no t  a f f e c t e d  by t h e  shock 
e f f e c t  of t h e  f ragments  which do c o l l i d e .  The evo lu t ion  of t h e  o r b i t  of t h i s  
body of m a t e r i a l .  which d i d  not  c o l l i d e  wi th  e a r t h .  should be from a  h i g h l y  
e c c e n t r i c  o r b i t  t o  a  more c i r c u l a r  one. T i d a l  i n t e r a c t i o n s  should a l s o  l ead  
t o  an i n c r e a s e  of t h e  o r b i t a l  r a d i u s  wi th  t ime,  given t h a t  t h e  c a p t u r e  was 
prograde.  

The most i n t e r e s t i n g  conseqbence of t h e  c o l l i s i o n a l  case  i s  t h a t  it may 
o f f e r  a  mechanism exp la in ing  t h e  low i r o n  content  of t h e  moon. Th i s  i s  
because f o r  some t r a j e c t o r i e s  of c o l l i s i o n  on ly  c r u s t  and mant le  m a t e r i a l  of  a  
d i f f e r e n t i a t e d  proto-moon would no t  c o l l i d e  wi th  t h e  e a r t h .  Another 
i n t e r e s t i n g  consequence of t h i s  c a p t u r e  mechanism i s  t h a t  i t  impl ies  a  l a r g e  
i n c r e a s e  i n  t h e  angu la r  momentum d e n s i t y  of t h e  earth-moon system over  t h a t  of 
t h e  p r e - c o l l i s i o n a l  e a r t h .  The angu la r  momentum d e n s i t y  of t h e  system h a s  
been noted a s  an  anomalous f e a t u r e  of t h e  system(7).  
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Figure .  I d e a l i z a t i o n  of a l a r g e  body p a s s i n g  c l o s e  t o  t h e  e a r t h  as s p h e r i c a l  
p a r t i c l e s  used f o r  c a l c u l a t i o n  of  t r a j e c t o r i e s .  Re i s  t h e  r a d i u s  of t h e  e a r t h ,  
Rb i s  t h e  d i s t a n c e  f o r  breakub f o r  a body of d e n s i t y  4 g/cm3, R1 is  t h e  Roche 
l i m i t  f o r  t h e  same d e n s i t y  and Vo is  t h e  v e l o c i t y  a t  c l o s e s t  approach. 
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