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A t o t a l  o i  3.5m2 o f  ex te rna l  surfaces o f  t h e  command module hea t -sh ie ld  
windows o f  Apo l lo  7 through 17, exc lud ing 11, were examined f o r  meteoroid 
impacts us ing an o p t i c a l  microscope. Ten meteoroid impacts w i t h  s p a l l  diam- 
e t e r s  ranging from 25 t o  445vm have been i d e n t i f i e d  and descr ibed i n  Refs. 1 
and 2. Three 1.7cm diameter cores were removed from an Apol lo  14 window f o r  
SEM scans a t  magn i f i ca t i on  l e v e l s  o f  lOOOx and 10,000~. Approximately lcm2 
was scanned a t  lOOOx w i t h  a r e s o l u t i o n  o f  200 Angstroms. O f  an a d d i t i o n a l  
693 f i e l d s  o f  view examined 429, each 102pm2, were a t  10,000~ w i t h  a minimum 
detectab le  c r a t e r  diameter o f  0.2pm, and 264, each 1O4~m2, were a t  1 OOOx w i t h  
a minimum de tec tab le  c r a t e r  diameter o f  2pm. No hyperve loc i  ty  impact c ra te r s  
(remelted l i p p e d  p i t s  w i t h  o r  w i t hou t  a concent r ic  s p a l l  zone) were seen i n  
e i t h e r  the scan o r  t he  i n d i v i d u a l  f i e l d s .  However, f i v e  p i t s  between 5 and 
2@m diameter were observed t o  have f r a c t u r e d  cen t ra l  p i t s  and a s p a l l  zone. 
Large numbers o f  p i t s  averaging 5vm diameter were seen i n  t he  coa t ing  l a y e r  i n  
both examinations, b u t  90% o f  them d i d  n o t  penet ra te  i n t o  the  g lass surface. 
These c r a t e r s  were c y l i n d r i c a l  i n  sec t ion  and were presumably caused by debr i s  
from the  reac t i on  c o n t r o l  system o r  exp los ive  devices. 

The meteoroid mass assoc ia ted w i t h  t he  s p a l l  and p i t  diameters observed 
i n  the  Apol l o  window examinations was der i ved  from the  r e s u l t s  o f  an exper i -  
mental hype rve loc i t y  impact program performed on the TRW l i n e a r  acce le ra to r  
us ing Apo l lo  window ta rge t s .  The p r o j e c t i l e s  used were i r o n  (p=7.8g/cm3), 
s i l  i con  (p=2. 3g/cm3), and 1 anthanum hexabori de (p=2. 6g/cm3) ranging from 0.3 
t o  5ym i n  diameter, w h i l e  t he  impact speeds va r i ed  between 1 and 27 Km/sec. 
I n  Fig.  1 the  exper imental  r e s u l t s  a re  shown w i t h  the  b e s t - f i  t s t r a i g h t  l i n e  
equation i n  each case f o r  the  p i t  diameter (D ) and t h e  i n n e r  and ou te r  s p a l l  
diameters D s i  and DSo. The aluminum p r o j e c t i  f' e ( r e f .  3)  i s  i nc luded  t o  pro-  
v ide a p r o j e c t i l e  o f  a d i f f e r e n t  dens i ty .  Apparent ly the  p i t  diameter i s  no t  
a dependable means o f  a r r i v i n g  a t  t he  meteoroid mass a f t e r  spal l a t i o n  begins. 
For the s i l i c o n  p r o j e c t i l e s ,  which have approximately the  same mass dens i t y  as 
the  average meteoroid, t he  departure from the  l i n e  t o  the equat ion occurs a t  
approximately 1 erg; f o r  t h e  i r o n  p r o j e c t i l e  t h i s  occurs a t  about 10 ergs. I n  
both cases t he  measured diameter exceeds t he  p red ic ted  diameter by about 20% 
due t o  removal o f  t h e  p i t  l i p s  i n  t h e  spal l a t i o n  process. However, both the 
i nne r  and ou te r  s p a l l a t i o n  diameters prov ide a very dependable source f o r  the  
mass co r re l  a t ion.  

The equations used t o  de r i ve  the  masses corresponding t o  the observed 
Apo l lo  c ra te rs  were: ( 1 )  Dso = 2.8 dm . p rnoo5  . O S 3 l ,  f o r  p i t s  w i t h  spa l l a -  
t i o n  where Dso i s  ou te r  spal  1 diameter (cm) ; p,,, :! meteoroid mass dens i t y  
(g/cm3): Em i s  meteoroid energy ( e rgs ) :  and dm i s  meteoroid diameter (cm) and 
( 2 )  Dp = i . 8  pm-0*18  . Em0' 3 3 ;  f o r  p i t s  w i thou t  s p a l l a t i o n  where Dp i s  p i t  
diameter (pm) and pm and Em are  as i n  (1 ). The r e s u l t s  o f  the  mass and f l u x  
determinat ions a re  g iven i n  Table 1 f o r  each Apo l lo  mission. 

The cumulat ive Apo l lo  window r e s u l t s  a re  p l o t t e d  i n  F ig .  2 along w i t h  the 
r e c a l i b r a t e d  r e s u l t s  o f  t he  Surveyor I 1 1  TV camera housing p i t s ,  r e f .  4. I n  
add i t i on ,  t he  1 unar rock  c r a t e r  curve labe led  Hartung e t  a l .  (1972) and 
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Morr ison e t  a l .  (1973) i n  r e f .  5 i s  shown on the  p l o t  f o r  comparison. Both 
the  Surveyor I 1 1  data  and t h e  l u n a r  rock  curve have been m o d i f i e d  t o  a 
meteoro id  d e n s i t y  o f  2g/cm3 t o  be compat ib le  w i t h  t h e  A p o l l o  window mass 
determinat ion.  The Pioneer 8/9 f r o n t  f i l m  g r i d  data  p o i n t  f rom r e f .  6 i s  
a l s o  included. 

The cons is tency between t h e  A p o l l o  window and Surveyor I11 data i s  
ev iden t ,  b u t  t h e r e  i s  a d i f f e r e n c e  o f  about a f a c t o r  o f  6 compared w i t h  the  
l u n a r  rock  curve. I f  t h e  P ioneer  8/9 p o i n t  i s  considered w i t h  t h e  window 
data, t h e  shape o f  t h e  p o s s i b l e  c u r r e n t  f l u x '  a t  t h e  Moon shows an u p t u r n  i n  
the low masses s i m i l a r  t o  t h a t  f o r  t h e  rocks. 
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TABLE I : APOLLO CRATER CHARACTERISTICS 
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Nom. f l u x  
a t  moon 

p e r  m2sec. 

1 .87x10-~  

1 .70x1 o - ~  
4 . 4 3 ~ 1 0 ' ~  

- 
- 

1 . 8 9 ~ 1 0 ' ~  

2 . 6 0 ~ 1  o - ~  
- 
- 
- 

4 

Apol l o  

7 
(Ear th  Orb. ) 

8 

9 
(Ear th  Orb, ) 

10 

12 

13 

14 

15 

16 

17 

L i m i t i n g  
c r a t e r  

dia, 

125 

65 

200 

40 

40 

445 

25 

100 

100 

100 

Minimum 
mass 
(g) 

1 . 8 x 1 0 - ' ~  

5 . 7 ~ 1 0 - I  

3.3x10-~O 

2. 7x10-l1 

2 . 7 ~ 1 0 - l 1  

l . l x l ~ - ~  

1 .3x10-~ 

1 . 1 x 1 0 - ~ ~  

1 . 1 x 1 0 - ~ ~  

1 . 1 x 1 0 - ~ ~  

Exposure 
(m2sec.) 

1 . 3 9 ~ 1  o5 

1 . 1 3 ~ 1 0 ~  

1.18x105 

1 . 2 5 ~ 1  o5 
1 $ 5 3 ~ 1  o5 
1 .0 lX1o5 

1 . 4 8 ~ 1  o5 
1 .81x105 

1 . 6 8 ~  o5 
1 . 8 6 ~ 1  o5 

Number 
jmpacts 

5 

1 

1 

0 

0 

1 

2 

0 

0 

0 
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