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The appearance of Ha l l ey ' s  Comet i n  1985-86 and t h e  r e l a t e d  emphasis on 
research  on phys i ca l  models of cometary n u c l e i ,  l e d  t o  a  more moderate 
pace f o r  t he  dynamical s t u d i e s  of t he  Oort cloud and the  motion of long- 
per iod comets t h i s  year.  S p e c i f i c  a r e a s  s tud ied  included t h e  dynamical 
evo lu t ion  of cometary showers a s  a  r e s u l t  of s t a r s  passages through t h e  
inne r  Oort cloud and t h e  poss ib le  r e l a t i o n s h i p  t o  observed s tepwise  mass 
e x t i n c t i o n s  a t  geo log ica l  boundaries,  rev ised  e s t ima te s  f o r  t h e  t o t a l  
mass of comets i n  t h e  Oort cloud a s  a  r e s u l t  of lessons  learned  from t h e  
s p a c e c r a f t  encounters  wi th  Ha l l ey ' s  Comet, and s tudy of t he  p o s s i b l e  dy- 
namical sources f o r  t h e  short-period comets i n  t h e  s o l a r  system a s ' p a r t  
of a  wider s tudy of phys ica l  processing of cometary nuc le i  p r i o r  t o  t h e i r  
becoming v i s i b l e  comets. 

The work on cometary showers used a Monte Carlo s imula t ion  of t he  evolu- 
t i o n  of cometary o r b i t s  under a  combination of p l ane t a ry ,  nongravi tat ion-  
a l ,  and s t e l l a r  pe r tu rba t ions ,  and wi th  phys i ca l  removal by d i s r u p t i o n ,  
subl imation of a l l  v o l a t i l e s ,  and c o l l i s i o n ,  A major cometary shower 
l a s t s  about 2  t o  3 Myr a f t e r  t h e  i n i t i a l  pe r tu rba t ion ,  wi th  peak f l u x  
r a t e s  of about 9,000 comets c ros s ing  t h e  Ear th ' s  o r b i t  per  year  (600 t imes 
the  usua l  f l u x ) .  The average comet makes 8.5 r e t u r n s  wi th  an  average 
l i f e t i m e  of about 0.8 Myr. ~ u c h ' a n  i n t e n s e  random shower would be caused 
by a  one s o l a r  mass s t a r  passing 3,000 AU from t h e  sun, would be expected 
perhaps once every  500 Myr, and might produce on the  o rde r  of 20 s i g n i f i -  
can t  impacts on t h e  Ear th ,  

The a c t u a l  mechanism f o r  i n i t i a t i n g  showers was found t o  be q u i t e  i n t e r e s t -  
ing.  As compared wi th  H i l l ' s  (1981) simple l o s s  cone a n a l y s i s ,  i t  was 
found t h a t  t h e  t o t a l  number of comets e n t e r i n g  t h e  p l ane ta ry  region w a s  
somewhat l e s s ,  and the  f r a c t i o n  perturbed t o  small  p e r i h e l i a  (Earth-cross- 
i n g  o r b i t s )  was lower s t i l l .  In  add i t i on ,  t he  i n t e n s i t y  of showers drop- 
ped of f  sharp ly  wi th  more d i s t a n t  s t e l l a r  passages,  roughly a s  t h e  i n v e r s e  
square of t h e  encounter  d i s tance .  The number of comets peturbed i n t o  the  
inne r  s o l a r  system i s  very much a  func t ion  of t he  d i s t r i b u t i o n  of o r b i t a l  
semimajor axes i n  t h e  i n n e r  Oort cloud; t h e  f i g u r e s  above r e f l e c t  an 
inne r  cloud t h a t  i s  only modestly c e n t r a l l y  condensed. I f  t h e  d i s t r i b u -  
t i o n  of o r b i t s  i n  t h e  cloud i s  s t e e p e r  then  d i s t a n t  encounters  would be 
l e s s  e f f e c t i v e  a t  inducing l a r g e  numbers of comets i n t o  cometary showers. 

The t imesca les  f o r  cometary showers and t h a t  f o r  d i s rup t ion  of t e r r e s t r i a l  
environments a s  revealed i n  t h e  f o s s i l  record a t  e x t i n c t i o n  boundaries ,  
a r e  comparable. This  does not  prove a  causa l  r e l a t i o n s h i p  and may be 
e n t i r e l y  co inc iden ta l ,  but i t  does demonstrate t h a t  comet showers may 
provide a  p l a u s i b l e  explana t ion  f o r  some b i o l o g i c a l  e x t i n c t i o n  events ,  
The main problem with t h i s  hypothesis  i s  t h a t  e x t i n c t i o n s  a r e  roughly 10 
t imes more f requent  than  t h e  expected r a t e  of major cometary showers, 
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The es t imated  mass of comets i n  t h e  Oort  cloud has increased  d rama t i ca l ly  
a s  a r e s u l t  of t he  rev ised  e s t ima te  f o r  t y p i c a l  cometary albedos based on 
t h e  Halley spacec ra f t  encounters.  The term " d i r t y  snowball" has tended t o  
mislead people i n t o  th ink ing  t h a t  comets were r e l a t i v e l y  b r i g h t  o b j e c t s ,  
perhaps gray  i n  co lor .  In  f a c t ,  comets a r e  r e a l l y  " f rozen  mudballs" w i th  
the  low albedo of t h e i r  non-volat i le  cons t i t uen t s .  While lowering t h e  
albedo causes a n  i n c r e a s e  i n  t h e  mass e s t ima te ,  o t h e r  f a c t o r s  such as 
shape, improved popula t ion  e s t ima te s  based on new dynamical modeling, and 
t h e  f r a c t i o n  of a c t i v e  a r e a  on t h e  nucleus,  se rve  t o  reduce t h e  t o t a l  mass 
est iamte.  Using a rev ised  albedo of 0.05 based on t h e  Halley encounters ,  
i t  was found t h a t  t h e  mass of comets i n  t h e  ou te r ,  c l a s s i c a l  Oort cloud 
was 25 Ear th  masses, and t h e  mass of t h e  i n n e r  Oort cloud which se rves  a s  
a r e s e r v o i r  t o  r e p l e n i s h  t h e  ou te r  cloud i s  perhaps 250 Ea r th  masses. The 
l a t t e r  e s t ima te  i s  h ighly  unce r t a in  because of t he  l a c k  of d e t a i l e d  dynam- 
i c a l  modeling of t h e  i n n e r  Oort cloud t o  date .  Also, p resent  a t tempts  
t o  e s t ima te  t h e  d e n s i t y  of cometary n u c l e i  based on modeling of nongravi- 
t a t i o n a l  f o r c e s  on Hal ley  a r e  s t i l l  h ighly  uncer ta in .  

The ques t ion  of t he  source of t h e  short-period comets i s  one t h a t  has  taken 
on new meaning becaue of t h e  proposed spacec ra f t  missions t o  comets. To 
i n t e r p r e t  t h e  cosmochemical record found i n  comets i t  i s  necessary t o  know 
where they formed, and where they  have been s i n c e  t h e i r  formation. Hal ley 
r e s u l t s  have a l r eady  shown t h a t  t he  comet appears  t o  have formed from t h e  
same m a t e r i a l  a s  t h e  r e s t  of t h e  p l ane ta ry  system. But t he  dynamical 
h i s t o r y  of Halley p r i o r  t o  i t s  being peturbed i n t o  i t s  present  o r b i t  
remains a mystery. The c l a s s i c a l  view i s  t h a t  short-period comets a r e  
long-period comets from t h e  Oort c loud,  captured by J u p i t e r  pe r tu rba t ions .  
Recently,  i t  has been shown t h a t  t h e  i n n e r  Oort cloud should provide a 
dynamically more e f f i c i e n t  source a s  comets t r i c k l e  a c r o s s  Neptune's o r b i t  
and a r e  passed down by p l ane ta ry  pe r tu rba t ions  i n t o  t h e  inne r  s o l a r  system. 
However, Hal ley ' s  r e t rog rade  o r b i t  argues aga ins t  t h i s  ( f o r  Hal ley only)  
because t h e  comets der ived  from t h e  i n n e r  Oort cloud should be i n  d i r e c t  
o r b i t s .  Because of t h e  c h a o t i c  na tu re  of cometary o r b i t  evo lu t ion ,  and 
t h e  l a r g e  number of comets we have t o  d e a l  wi th ,  i t  i s  d i f f i c u l t  t o  r u l e  
out  any dynamical pa th  f o r  t he  o r i g i n  of Halley o r  any o t h e r  short-period 
comet. Work on t h i s  problem w i l l  cont inue,  




