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The p o t e n t i a l  f u n c t i o n  ~ ( r  ,$') i n  t h e  atmosphere of a p l a n e t  can be  re -  
presented by t h e  sum of t h e  e x t e r n a l  g r a v i t a t i o n a l  p o t e n t i a l  p l u s  t h e  r o t a -  
t i o n a l  p o t e n t i a l  a t  d i s t a n c e  r from t h e  c e n t e r  of mass. The r o t a t i o n a l  term 
is  c h a r a c t e r i z e d  by t h e  smal l  d imensionless  parameter q = w2 a 3 / ~ ~ ,  where a 
is  t h e  e q u a t o r i a l  r a d i u s  and w i s  t h e  angu la r  v e l o c i t y  of r o t a t i o n .  The 
p l a n e t  cen te red  l a t i t u d e  i s  given by 4'. The e q u i p o t e n t i a l  s u r f a c e s  a r e  de- 
r ived  by expanding V ( r ,  $') i n  powers of q and by recognizing t h a t  J - q i  
( 1 ,  (2) , 3 ( 4  The r a d i u s  r h a s  been developed t o  t h e  f o u r t h  ogder i n  q 
by r e q u i r i n g  t h a t  V( r ,  $') - V(a, 0)  = o(q5) .  Expressions have a l s o  been 
der ived  f o r  t h e  a c c e l e r a t i o n  of g r a v i t y  and f o r  t h e  d e f l e c t i o n  of t h e  l o c a l  
v e r t i c a l  ($-4') i n  t h e  atmosphere. The f l a t t e n i n g  of f = (a-b)/a of t h e  equi-  
p o t e n t i a l  s u r f a c e  h a s  been der ived  from t h e  express ion f o r  t h e  r a d i u s .  The 
r e s u l t  fo l lows  f o r  t h e  r e f e r e n c e  s u r f a c e  (1.0 Bar). 

The v a r i o u s  f o u r t h  o r d e r  q u a n t i t i e s  i n  t h e  atmospheres of J u p i t e r  and 
Saturn have been evaluated numerical ly  by combining d a t a  from t h e  Pioneer  
f l y b y s  of J u p i t e r  (5) w i t h  exper imental  and t h e o r e t i c a l  d a t a  g iven by 
S l a t t e r y  (6 ) .  

TABLE I 
Numerical Data f o r  J u p i t e r  and Sa tu rn  

Parameter J u p i t e r  Sa tu rn  
a lan 71,400 60,400 

For example, t h e  dynamical f l a t t e n i n g  f o r  J u p i t e r  and Saturn i s  0.064777 
and 0.101213 r e s p e c t i v e l y .  However, i n  t h e  atmosphere, t h e  r o t a t i o n  r a t e  
v a r i e s  w i t h  l a t i t u d e  (7) and hence t h e  va lue  of q i s  u n c e r t a i n .  This can be 
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important.  

The l i n e a r  r e l a t i o n s h i p  between t h e  e r r o r  i n  q and t h e  e r r o r  i n  t h e  
equ i l ib r ium q u a n t i t i e s  can be e s t a b l i s h e d  by d i f f e r e n t i a t i n g  each q u a n t i t y -  of 
i n t e r e s t  wi th  r e s p e c t  t o  q .  The r e s u l t i n g  express ion f o r  t h e  e r r o r  i n  t h e  
l o c a l  v e r t i c a l  depends on t h e  l a t i t u d e ,  and f o r  J u p i t e r  i s  given by 

A($-$') = (2719 s i n  24' + 3P1 s i n  44' + OP3 s i n  6$')Aq 

whi le  f o r  Saturn t h e  corresponding express ion is  

A($-$') = (2636 s i n  2@' + 5P4 s i n  44' + 140 s i n  6$')Aq 

The u n c e r t a i n t y  i n  q w i l l  depend on t h e  u n c e r t a i n t y  i n  t h e  zonal  wind 
v e l o c i t y  a t  t h e  l a t i t u d e  of i n t e r e s t .  A t  t h e  equa tor ,  an  u n c e r t a i n t y  of 
100 m/sec i n  t h e  zonal  wind w i l l  r e s u l t  i n  an  u n c e r t a i n t y  i n  q of 0.0014 f o r  
J u p i t e r  and 0.0033 f o r  Saturn.  The e r r o r  i n  t h e  l o c a l  v e r t i c a l  i s  g r e a t e s t  
a t  temperate l a t i t u d e s .  The maximum e r r o r  occurs  a t  3818 on J u p i t e r  and i s  
equal  t o  2813 Aq. On Sa turn  t h e  maximum e r r o r  occurs  a t  3315 where i t  is  
2719 Aq. The e r r o r  i n  t h e  l o c a l  v e r t i c a l  can e a s i l y  amount t o  more than 0101 
i n  t h e s e  l a t i t u d e s  i f  t h e  zona l  winds a r e  n o t  known t o  f a i r l y  high accuracy.  
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