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The accura te  measurement o f  1  imb coord ina tes  on small s a t e l l  i t e s  i s  
t h e  major techn ique  f o r  eval  u a t i n g  t h e i r  s i zes  and shapes i n  t h e  absence of 
good s te reoscop ic  image coverage, The shapes o f  s a t e l l  i t e s  may be c lues  t o  
t h e i r  i n t e r n a l  s t r u c t u r e  i f  they  a re  re1 axed i n t o  e l  1  i p s o i d s  (Dermott and 
Thomas, 1986), Small s a t e l l i t e s  appear n o t  t o  be re1 axed and hence t h e i r  
shapes may n o t  he lp  i n  e s t i m a t i n g  d e n s i t y  o r  moments o f  i n e r t i a ,  The 
d i  s t i  n c t i o n  between i r r e g u l  a r  and e l  1  i pso ida l  sate1 1  i t e s  can now be made 
q u a n t i t a t i v e l y  w i t h  t h e  a v a i l  a b i l  i t y  o f  many accura te  1  imb p r o f i l e s  of 
sate1 1  i tes,  The 1  imb p r o f i l  es a re  found t o  subpixe l  accuracy (Dermott  and 
Thomas, 1986) and can be f i t  by e l l  i pses  t o  approximate an average s i z e  and 
shape, The r e s i d u a l s  f rom these f i t  e l l i p s e s  p rov ide  a  convenient and 
q u a n t i t a t i v e  measure o f  t h e  topography on t h e  s a t e l l i t e s .  The s tandard 
d e v i a t i o n  o f  t h e  r e s i d u a l s  as a  f r a c t i o n  o f  t h e  s a t e l l i t e ' s  r ad ius  g ives  a  
measure of t h e  depar tu re  from a  smooth form. Departures f rom g r a v i t a t i o n a l  
(and t i d a l )  e q u i p o t e n t i a l s  would be g rea te r ,  b u t  on t h e  average t h i s  i s  a  
good measure o f  t h e  re laxed  o r  non-relaxed na tu re  o f  t h e  shape o f  t h e  
ob jec t .  F i g u r e  1 p l o t s  t h e  standard d e v i a t i o n  o f  r e s i d u a l s  o f  l i m b s  f o r  
many small s a t e l l  i t e s ,  some o f  which a re  averages o f  severa l  d i f f e r e n t  
views; t h e r e  a re  many more da ta  t o  be i n c l  uded f o r  Phobos and Deimos. 
Mimas, a  t ho rough l y  s tud ied  e q u i l  i b r i u l n  t r i a x i a l  e l l i p s o i d ,  i s  inc luded,  as 
a re  p r e l  i m i  nary  da ta  f rom t h e  Urani  an sate1 1  i t e s  (Thomas e t  a1 . , 1986). 

The ou ts tand ing  f e a t u r e  o f  t h i s  p l o t  i s  t h e  random d i s t r i b u t i o n  o f  
shapes f o r  o b j e c t s  sma l l e r  than Mimas, and t h e  very smooth forms o f  l a r g e r  
s a t e l l i t e s .  The abrupt  t r a n s i t i o n  i s  p robab ly  due t o  a  combinat ion o f  t h e  
e f f e c t s  o f  t h e  r a t i o  o f  g r a v i t a t i o n a l  b i n d i n g  energy ( v a r i e s  as r 5 )  t o  t h e  
s t r e n g t h  b i n d i n g  ( v a r i e s  as r 3 )  as we l l  as g rea te r  r e l a x a t i o n  o f  forms on 
l a r g e r  o b j e c t s  due bo th  t o  h i ghe r  g r a v i t y  as we l l  as s l i g h t  thermal 
g rad ien t s  w i t h i n  t he  ob jec t s .  

The 1  imb topography i s  a1 so re1 ated t o  s p e c i f i c  forms on t he  o b j e c t s ,  
and a  sys temat ic  survey o f  these forms on small and l a r g e r  ob jec t s  i s  
underway. 
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Figure, Standard d e v i a t i o n s  o f  1  imb p r o f i l e s  f rom f i t  e l  1  ipses .  
D e v i a t i o n s  f rom e q u i p o t e n t i a l  su r faces  would be s l  i g h t l y  g rea te r .  Some 
da ta  po i  n t s  a re  averages f rom severa l  p i c t u r e s  as d i f f e r e n t  pe rspec t i ves  
o f  t h e  same s a t e l l  i t e  can g i v e  ve ry  d i f f e r e n t  r e s u l t s .  The s a t e l l  i t e s  a re  
Phobos, Deimos, Calypso, 1980S6, Amalthea, Phoebe, Hyper ion, Janus, 
Epimetheus, Mimas, and t h e  major Uran ian s a t e l l i t e s  (Uran ian s a t e l l i t e  
da ta  f rom Thomas e t  a1 . , 1986). Other 1  arge sate1 1  i t e s  would p l  o t  even 
c l o s e r  t o  t h e  X a x i s  than  Mimas and Uranian s a t e l l i t e s .  
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