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During the  p a s t  decade, discovery of Earth-crossing a s t e r o i d s  has  
continued a t  t he  pace of s e v e r a l  per  year;  the  t o t a l  number of known Ear th  
c r o s s e r s  reached 70 a s  of September, 1986. These ob jec t s  comprise 36 numbered 
and 34 unnumbered a s t e r o i d s ,  11 of which a r e  l o s t ;  6 a r e  Atens, 41 a r e  
Apollos, 22 a r e  Earth-crossing Amors, and one of t he  Earth c r o s s e r s  has a 
present  p e r i h e l i o n  d i s t a n c e  of g r e a t e r  than 1.3 AU. The sample of discovered 
Ear th  c r o s s e r s  has become l a r g e  enough t o  provide a f a i r l y  s t rong  s t a t i s t i c a l  
b a s i s  f o r  c a l c u l a t i o n  of mean p r o b a b i l i t i e s  of a s t e r o i d  c o l l i s i o n  with the  
Earth,  t h e  Moon, and Venus, It is a l s o  now l a r g e  enough t o  begin t o  address  
t he  more d i f f i c u l t  ques t ion  of the  magnitude-frequency d i s t r i b u t i o n  and s i z e  
d i s t r i b u t i o n  of t he  Earth-crossing a s t e r o i d s .  

Absolute V magnitude, H ,  has been der ived  from reported magnitudes f o r  
each Ear th  c r o s s e r  on t h e  b a s i s  of a s tandard  a lgor i thm t h a t  u t i l i z e s  a 
phys i ca l ly  r e a l i s t i c  phase func t ion  (Minor P lane t  C i r cu la r  10193). On 
average,  H = V(1,O) - 0.3, where V(1,O) is  t h e  abso lu t e  magnitude based on a 
l i n e a r  phase func t ion ,  F a i r l y  r e l i a b l e  observa t ions  of magnitude a r e  
a v a i l a b l e  f o r  most numbered Ear th  c r o s s e r s ,  but observa t ions  a r e  spa r se  f o r  
unnumbered o b j e c t s  and commonly c o n s i s t  only of v i s u a l  e s t ima te s  of B made 
from photographic p l a t e s .  I n  t h e  l a t t e r  ca se ,  t h e  derived value of H is 
ca l cu la t ed  only t o  t he  nea re s t  ha l f  magnitude. 

The der ived  va lues  of H range from 12.88 f o r  (1627) I v a r  t o  21.6 f o r  t h e  
Palomar-Leiden ob jec t  6344, which is  the  f a i n t e s t  and sma l l e s t  a s t e r o i d  
discovered.  The abso lu t e  magnitude of I v a r  is c l o s e  t o  t he  magnitude 
threshold  f o r  completeness of discovery of a s t e r o i d s  i n  t he  inne r  p a r t  of t h e  
main a s t e r o i d  b e l t o  It i s  poss ib l e  t h a t  one o r  two more Earth c r o s s e r s  a s  
b r igh t  o r  b r i g h t e r  than Iva r  remain t o  be discovered,  but it is un l ike ly  t h a t  
t h e r e  a r e  a s  many as ten.  Completeness of discovery drops with inc reas ing  
magnitude* Shoemaker et a l e  (1979) es t imated  the  populat ion of Earth c r o s s e r s  
t o  V(1,O) = 18 (equiva len t  t o  H = 17.7) a t  -1300; t h e  observed number a t  
H = 17,7 is  50, which corresponds t o  an  est imated completeness of discovery of 
about 4 % ,  

I f  we adopt t he  e s t ima te  of 1300 f o r  t he  t o t a l  number of Ear th  c r o s s e r s  
b r i g h t e r  than H = 17,7 and assume t h a t  t he  number b r i g h t e r  than H = 12.88 does 
not  exceed 3 Earth c r o s s e r s ,  a p l a u s i b l e  magnitude-frequency d i s t r i b u t i o n  f o r  
t he  popula t ion  t o  H = 17-7 can be represented  approximately by 

where N is the  cumulative frequency ( f i g ,  1 ) -  This  d i s t r i b u t i o n  corresponds 
t o  a monotonically decreas ing  completeness of discovery with inc reas ing  
magnitude above 13.2, which is  expected from circumstances of a s t e r o i d  
discovery.  The d i s t r i b u t i o n  represented  by eq. (1)  i s  much s t e e p e r  than  t h e  
es t imated  average magnitude-frequency d i s t r i b u t i o n  of main b e l t  a s t e r o i d s ,  



which can be represented  approximately by 

To t h e  ex t en t  t h a t  Earth-crossing a s t e r o i d s  a r e  der ived a s  c o l l i s i o n  fragments 
from main b e l t  a s t e r o i d s ,  t h e  s i z e  and magnitude d i s t r i b u t i o n  of Ear th  
c r o s s e r s  can be expected t o  be s t e e p e r  than those  of main b e l t  a s t e r o i d s .  
Most c o l l i s i o n  fragments t h a t  become Earth-crossing o b j e c t s  probably a r e  
d isp laced  i n  o r b i t a l  element phase space i n t o  s e c u l a r  resonances by impulses 
of t he  order  of hundreds of meters per  second. Small c o l l i s i o n  fragments tend 
t o  rece ive  l a r g e r  impulses than  l a r g e  fragments,  and smal l  fragments probably 
a r e  de l ivered  p r e f e r e n t i a l l y  t o  s e c u l a r  resonances and u l t i m a t e l y  t o  Earth- 
c ros s ing  o r b i t s ,  

The exponent ( s i z e  index) of t h e  cumulative size-frequency d i s t r i b u t i o n  
of t he  impactors t h a t  produced the  post-mare luna r  c r a t e r s  210 km diameter  has  
been est imated a t  -1.62 (Shoemaker, 1983). A power func t ion  of t he  diameter  
wi th  t h i s  exponent corresponds t o  an exponent ia l  magnitude-frequency 
d i s t r i b u t i o n  f o r  t he  impacting o b j e c t s  of t h e  farm 

-1,62 

N e e  
5 log e (- H, -0.75(-H) 

= e 9 

under the  cond i t i on  t h a t  the range of a lbedo is  s i m i l a r  f o r  ob jec t s  of 
d i f f e r e n t  s i z e s .  This  der ived magnitude d i s t r i b u t i o n  f o r  post-mare impactors 
is much f l a t t e r  than eq*  (1)  and a l s o  i s  f l a t t e r  than the  magnitude 
d i s t r i b u t i o n  of discovered Earth-crossing a s t e r o i d s  i n  t h e  range 13 < H < 16 
f i g  1 I f  1300 is adopted a s  the  cumulative number t o  H = 17.7, then the  
number of o b j e c t s  pred ic ted  by (3)  a t  H = 13 i s  30 times higher  than t h e  
number observed. Conversely, i f  discovery of Earth c r o s s e r s  Nere considered 
complete a t  H = 13, then  fewer o b j e c t s  than have a l ready  been discovered t o  
H = 17.7 would be predic ted  by (3 ) .  From the  r a t i o  of t he  frequency of 
discovery of new Earth-crossing a s t e r o i d s  t o  t he  frequency of a c c i d e n t a l  
recovery of those  a l r eady  known, it is c e r t a i n  t h a t  the  number remaining t o  be 
found t o  H = 17.7 i s  many times g r e a t e r  than  the  number now known, I f  i t  is 
assumed t h a t  most 20-km-diameter, post-mare impact c r a t e r s  have been produced 
by a s t e r o i d  impact,  then  t h e  d i f f e r e n c e  i n  exponent between (1)  and (3)  
sugges ts  t h a t  no more than  1 / 3  of t he  c r a t e r s  with diameters  250 km were 
formed by Earth-crossing a s t e r o i d s .  The l a r g e  luna r  c r a t e r s  probably have 
been formed c h i e f l y  by impact of comets. 
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