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A B S T R A C T  

Use of the Pioneer 7 and 8 cosmic dust detectors in 
the Lunar Ejecta and Micrometeorites (LEAM) experiment of 0 .  E, 
Berg and coinvestigators is discussed. All sensors of the L E W  
experiment should record secondaries at rates that exceed the 
detection rate of primaries by one or two orders of magnitude. 
This follows from the sensitivity of the sensors to the energy 
and momentum distribution of primary micrometeoroids and see- 
ondary lunar ejecta, as well as to the angular distribution of 
ejecta. The great majority of secondaries will impact the sen- 
sors on the descending portion of their trajectories. The eon- 
tribution of meteor showers is expected to be small. These 
general conclusions follow from a LEAM performance analysis 
that is based on a model for the distribution of secondary 
ejecta and on estimates of primary and secondary impact rates, 
Subject to revision that may be necessary after precise ealibra- 
tion of the sensors, the present results provide a method for 
deriving the mass, velocity and angular distribution from 
experimental impact data, once these become available. 
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SUBJECT: The Lunar Micrometeoroid Experiment, DATE: A p r i l  20, 1 9  71 
LO33 - Case 340 

FROM: J. S, Dohnanyi 

TECHNICAL MEMOWNDUM 

1. In t roduc t ion  -- 

The "Lunar E j e c t a  and Meteor i tes"  exper iment ,  
by 0 .  E .  Berg and co - inves t iga to r s  ( D .  E .  Gaul t  and N.  F a r l o w )  
i s  scheduled t o  f l y  on the  Apollo 1 7  mission.  The purpose of 
t h e  experiment i s  t o  measure t h e  primary and secondary meteorcid 
f l uxes  on t h e  l u n a r  s u r f a c e  as  a  func t ion  of time and in -  
coming d i r e c t i o n  of t h e  p a r t i c l e s .  This would y i e l d  in format ion  
on t h e  s p a t i a l  and temporal  d i s t r i b u t i o n  of primary p a r t i c l e s  
and t h e  corresponding f l u x  d e n s i t y  of s econda r i e s .  I n  order  
t o  gain  f u r t h e r  i n s i g h t  about t h e  in format ion  t h i s  experiment 
i s  l i k e l y  t o  p rov ide ,  we undertook a  review of t h e  performance 
c h a r a c t e r i s t i c s  of t h e  ins t rument  and t h e  environment t o  be 
measured. The r e s u l t  is  a  q u a n t i t a t i v e  e s t i m a t e  of t h e  data 
t h a t  w i l l  be ob ta ined  and of t h e i r  p h y s i c a l  s i g n i f i c a n c e ,  

2 .  The Experiment 

The experiment i s  s i m i l a r  t o  those  successfulLy fl01i;- 
on the  P ioneer  8 and 9 s a t e l l i t e s  (Berg and Richardson, 1965' . 
I t  c o n s i s t s  of s e v e r a l  p a r t i c l e  d e t e c t o r s ,  each one arrange2 
t o  i n t e r c e p t  t h e  meteoroid f l u x  i n  a  d i f f e r e n t  d i r e c t i o n ,  Each 
d e t e c t o r  c o n s i s t s  of two p a r a l l e l  d e t e c t i n g  s u r f a c e s  5 em 
a p a r t :  an o u t e r  s u r f a c e  A and a  r e a r  s u r f a c e  B. The two surfzces  
d e t e c t  t h e  impact  i o n i z a t i o n  produced du r ing  an even t  w h i l e  a 
microphone, mounted behind t h e  B s u r f a c e ,  d e t e c t s  moment~~rrz- 

Impact i o n i z a t i o n  a t  s u r f a c e s  A and B i s  d e t e c t e d  
by means of a  f i lm-gr id-a r ray ,  schemat ica l ly  shown i n  Figure 1, 
I t  can be seen ,  i n  F igure  1, t h a t  both t h e  A and B 
s u r f a c e s  c o n s i s t  of f o u r  f  i l r n  s t r i p s  p o s i t i o n e d  between 
t r a n s v e r s e  g r i d  s t r i p s ,  a s  i n d i c a t e d .  A measurement i s  
ob ta ined  when a  hype rve loc i ty  p a r t i c l e  impacts t h e  s enso r  

, za- with  s u f f i c i e n t  energy t o  produce measurable impact ion"  
t i o n  a t  A; because of t h e  24 v o l t  b i a s  i n  t h e  f i lm-  
grid-system, p o s i t i v e  ions  w i l l  be c o l l e c t e d  a t  t h e  f i l m  of 
A and e l e c t r o n s  a t  t h e  g r i d  of A. I f  t he  p a r t i c l e  has enough 
energy,  it w i l l  proceed and impact  t h e  f i l m  of B and aga in  
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produce d e t e c t a b l e  impact i o n i z a t i o n .  Each f i l m  and each grid 
i s  s e p a r a t e l y  ins t rumented s o  t h a t  t h e  p a r t i c u l a r  A and B f i l m  
and g r i d  s t r i p s  which r e g i s t e r  an even t  a r e  au toma t i ca l ly  iden-. 
t i f i e d ,  t h e  f i l m  s i g n a l s  a r e  pu lse -he igh t  analyzed and t h e  t i m e  
l a p s e  between t h e  impact on A and subsequent  impact on B is read 
o u t  ( i f  B i s  impacted) .  The senso r  can t h e r e f o r e  be regarded 
a s  an arrangement of two p a r a l l e l  "chess  boards" where impacts 
i n t o  any p a r t i c u l a r  square  a r e  i d e n t i f i e d ;  i f  a p a r t i c l e  has 
s u f f i c i e n t  energy t o  r e g i s t e r  a t  bo th  A and B s u r f a c e s ,  then 
i t s  time of f l i g h t  a s  w e l l  as d i r e c t i o n  of f l i g h t  i s  recorded ,  
p e r m i t t i n g  a  c a l c u l a t i o n  of i t s  o r b i t .  

Tes t s  wi th  t h e  e l e c t r o s t a t i c  p a r t i c l e  a c c e l e r a t o r  a t  
GSFC i n d i c a t e  a  p r o p o r t i o n a l i t y  between p a r t i c l e  energy and 
impact i o n i z a t i o n  f o r  i r o n  p r o j e c t i l e s .  De tec t ab l e  i on i za -  
t i o n  i s  observed f o r  p r o j e c t i l e s  having a  t h re sho ld  v e l o c i t y  
of  about 1 .5  km/sec o r  g r e a t e r .  

Cur ren t  p l ans  f o r  t h e  l u n a r  s u r f a c e  experiment include 
a  deployment of 3 s e n s o r s ,  forming f a c e s  of a prism. Each sensor 

2 w i l l  have an a r e a  of  1 0 0  cm . One senso r  i s  i n  t h e  h o r i z o n t a l  
p lane ," looking"  up. Two senso r s  are i n  t h e  v e r t i c a l  plane, 
one looking  e a s t  and t h e  o t h e r  w e s t ;  t h e i r  geomet r ica l  center i s  
about 2 6  cm above ground. The h o r i z o n t a l  s enso r  and t h e  east 
looking one a r e  complete wi th  A and B f i l m s  5  cm a p a r t ,  and 
a r e  capable  of performing t ime of f l i g h t  measurements., The 
west  looking senso r  i s  equipped wi th  B-film and g r i d  only and 
w i t h  two microphones. These microphones have a c o l l e c t i n g  area 
of I" x 4" and 3" x 4".  I n  a d d i t i o n ,  t h e r e  are microphones 
on t h e  h o r i z o n t a l  and t h e  e a s t  looking  s e n s o r ,  each with a 
c o l l e c t i n g  a r e a  of 4" x 4" .  

The microphones a r e  each designed t o  d e t e c t  p a r t i c l e s  - 
having a  momentum i n  excess  of 2 x l o m 5  dyne-sec. The A - f i l m  
g r i d  system i s  designed t o  d e t e c t  p a r t i c l e s  having k i n e t i c  
ene rg i e s  i n  excess  of .2 e r g s  and a  v e l o c i t y  i n  excess  of P e 5  
km/sec; t h e  B-film d e t e c t s  p a r t i c l e s  w i th  ene rg i e s  i n  excess  
of .1 e r g s  and v e l o c i t i e s  h ighe r  than  1 .5  km/sec. 

3. Flux Model 

For t h e  f l u x  f  (m)dm of primary spo rad ic  meteoroids 
i n  a  mass range m t o  m+dm p e r  square  meters p e r  second pe r  2n 
s t e r a d i a n  i n c i d e n t  i n t o  e a r t h ' s  atmosphere, w e  t a k e  (Dohnanyi, 
1970) . 



where 

-18 a- 1 
A = 3 x 1 0  (Kg) , a = 13/6, B = 3/2. 

The q u a n t i t y  IJ is  t h e  meteroid  m a s s  a t  which ,  on 
a doubly loga r i t hmic  p l o t ,  t h e  p l o t  of f (m) changes from a 
f l a t t e r  s l o p e  f o r  m 2 p t o  a s t e e p e r  one f o r  m - > u .  

I n  o r d e r  t o  e s t i m a t e  p ,  w e  use  r e c e n t  d a t a  by Berg 
and Gerloff  (1970) and Gerloff  and Berg (1970) . These au tho r s  
found t h a t  t h e  cumulative f l u x  N ( m ) ,  measured by t h e  Pioneer 
8 and 9 cosmic d u s t  d e t e c t o r s ,  of p a r t i c l e s  having a mass fi* or 
g r e a t e r  i s :  

N(rn*)  = 2 x pa r t i c l e s /m2  s e c  2a s t e r a d  ( 3 -  4) 

where 

-15 m * = 5 x 1 0  Kg. 

For masses sma l l e r  than  m* a c u t o f f  i n  t h e  popula t ion  
of micrometeoroids i s  i n d i c a t e d .  I n  o r d e r  t o  u s e  Eq. 3 , 4  t o  
d e f i n e  p i n  Eq. 3 .1  we no te  t h a t  f l u x e s  measured by t h e  Pioneer  
probes a r e  deep space f l u x e s .  The g r a v i t a t i o n a l  f i e l d  of t h e  
e a r t h  i n c r e a s e s  i t s  meteoroid cap tu re  c r o s s  s e c t i o n  and hence 
t h e  n e a r  e a r t h  meteoroid f l u x  as  has been d i scussed  by Opik 
(1951) .  

I t  can be shown t h a t  (Dohnanyi, 1966) 

' -' (3.6) f (l) drndv = f (E) dm dv [lev: (E- I -~)  / ( v  +ve) 1 
m,v m,v 

where f,,v(E)dmdv i s  t h e  f l u x  of meteoroids p e r  square  meter 

s e c  2a s t e r a d  i n  t h e  mass range m t o  dm having a g e o c e n t r i c  
v e l o c i t y  i n  t h e  range of  v t o  v+dv a t  a d i s t a n c e  E from t h e  
c e n t e r  of t h e  e a r t h ,  E i s  i n  u n i t s  of e a r t h  r a d i i ,  and ve i s  t h e  

escape v e l o c i t y ;  t hus  E = l  r e f e r s  t o  t h e  e a r t h ' s  s u r f a c e  and 
E = r e f e r s  t o  deep space.  

Averaging Eq. 3.6 over  t h e  e i g h t  v e l o c i t y  determina- 
t i o n s  provided by t h e  P ioneer  d a t a  (Berg and G e r l o f f ,  1970 and 
Ger lof f  and Berg, 1970) one o b t a i n s  

f (1)dm = 1.9 fm(m) dm. ( 3 ,  71 m 

This focuss ing  f a c t o r  of  1.9 compares favorab ly  with 
t h e  va lue  of 1.8 ob ta ined  f o r  photographic  meteors (Dohnanyi, 
1966) .  



We now l e t  

where f  (m)  i s  given by Eq's  3.1, 3.2,  and 3.3 and t h e  r i g h t  hand 
s i d e  of Eq.  3.7 i s  given by Eq. 3.4 and 3.5. Solving Equation 
3.8 f o r  u, w e  g e t  

- 16) 
LI = 1 . 1 4  x 1 0  1<g. ( 3 . 9 )  

I n  view of e x i s t i n g  u n c e r t a i n t i e s  Eq. 3.9 i s  r e a d i l y  approximated by 

which i s  t h e  va lue  we s h a l l  adopt  i n  t h i s  paper.  This de f ines  t h e  
model f l u x  near  e a r t h .  

I n  o rde r  t o  e s t i m a t e  t h e  meteoroid f l u x  on t h e  lunar 
sur face ,  we have t o  c a l c u l a t e  t he  focuss ing  f a c t o r  f o r  t h e  moon, 
Using E q .  3.6 wi th  E i n  u n i t s  of l u n a r  r a d i i  and ve luna r  escape 

v e l o c i t y ,  one o b t a i n s  a l u n a r  focuss ing  f a c t o r  of  1 . 0 4  f o r  t h e  
Pioneer  d a t a  which compares favorably  wi th  t h e  s i m i l a r  f a c t o r  of 
1 .03 f o r  photographic  meteors (Dohnanyi, 1966) . 

Using t h e s e  r e s u l t s ,  it fo l lows  t h a t  t h e  f l u x  of 
meteoroids i n t o  t h e  l u n a r  s u r f a c e  can be  w r i t t e n  a s  

f  ( m )  dm = ~m-'dm, m - > 1 0 - ' ~ ~ g  (3.11) 

= A ( 1 0  -10 -lo) ~n-~drn, 5 ~ 1 0 - ~ ~ ~ ~ < r n < 1 0  - - K g  

= 0 -15 m < 5 x 1 0  Kg - 
where a-1 A =  1 . 6 x 1 0 - l * ( ~ ~ )  , a =  13/6, B =  3/2 

where f  (m) dm i s  i n  t h e  same u n i t s  a s  Eq. 3.1. 

The cumulative l una r  f l u x  N ( m )  of  p a r t i c l e s  with masses 
of m Kg o r  g r e a t e r ,  i s  then 

m 

~ ( m )  = f (m) dm, 
m 

wi th  f (m)  given by Eq. 3.11. The primary l u n a r  f l u x  Eq, 3-12 i s  
p l o t t e d  i n  F igure  2 t o g e t h e r  wi th  o t h e r  q u a n t i t i e s  t o  be d i scussed  
below. 

We now proceed t o  e s t i m a t e  t h e  f l u x  of l una r  s econda r i e s ,  
I n  o rde r  t o  do  s o ,  w e  have t o  estimate t h e  mass d i s t r i b u t i o n  
of secondary p a r t i c l e s  produced du r ing  each primary impact and 
then sum t h e  r e s p e c t i v e  c o n t r i b u t i o n s  of  t h e  primary f l u x  i n  
any given mass range.  



Following Dohnanyi (1969) we s h a l l  use  t h e  following 
comminution law f o r  secondar ies :  

where n(m)dm i s  t h e  number of secondary p a r t i c l e s  produced i n  
t h e  m a s s  range m t o  m+dm by a primary p a r t i c l e  impacting t h e  
l u n a r  s u r f a c e .  Me i s  t h e  t o t a l  mass of fragments e j e c t e d  from 

t h e  impact c r a t e r ,  t h e  l i m i t  on t h e  m a s s  t h e  

l a r g e s t  fragment and n i s  a cons tan t .  Eq. 3.13 i s  based on results 
of experiments by Gaul t  e t  a l .  (1963) .  Using numerical  values 
from t h e s e  experiments we t a k e  ( c f  Dohnanyl, 1969)-- 

where mD i s  t h e  mass of t h e  primary p r o j e c t i l e ;  u s ing  t h e  results 
L 

of Pioneer  measurements, an average impact v e l o c i t y  of 20 km/sec 
has  been assumed i n  Eq. 3.15 and 3.16. 

We can now d e f i n e  t h e  secondary f l u x  h(m)dm per square  
meter p e r  s e c  p e r  2 n  s t e r a d  i n  t h e  m a s s  range dm a s  

r 

J 

Using numerical  va lues  from Eq. 3.14, 3.15 and 3-16, we 
have 

where t h e  lower l i m i t  on t h e  i n t e g r a l  i s  t h e  mass of the 
s m a l l e s t  primary p a r t i c l e  which w i l l  j u s t  c r e a t e  a secondary with 
mass m a s  t h e  l a r g e s t  fragment. 

S ince  meteoroid s enso r s  measure cumulative f luxes  
and n o t  t h e  d i f f e r e n t i a l  q u a n t i t i e s  f (m) dm and h (m)  dm (Eq, 3 ,  Pl 
and 3.18, r e s p e c t i v e l y )  w e  c a l c u l a t e  and g r a p h i c a l l y  d i s p l a y  
t h e  cumulative f l u x e s ,  Eq. 3.12 and 

The r e s u l t s  are d i sp l ayed  i n  F igure  2 ,  d e t a i l s  of 
t h e  c a l c u l a t i o n  are given i n  Appendix A. The uppermost curve 



i: 
i n  t h e  f i g u r e  is  t h e  cumulative f l u x  H ( m ,  spo rad ic )  pe r  meter 
pe r  second p e r  s t e r a d  of secondary p a r t i c l e s  having a  mass of 
m kg o r  g r e a t e r  produced by t h e  impact i n t o  t h e  l u n a r  s u r f a c e  
of t h e  spo rad ic  meteoroid f l u x  F(m) ,  i n  s i m i l a r  u n i t s .  The 
curve l a b e l l e d  H ( m ,  shower) i s  t h e  c o n t r i b u t i o n  of  meteor 
showers t o  t h e  f l u x  of secondar ies  and w i l l  be d i scussed  below, 

It  can be seen t h a t ,  f o r  masses g r e a t e r  than 2 x ~ O - ~ K C J ,  
H ( m ,  spo rad ic )  has  a  s l o p e  equa l  t o  t h e  s l o p e  of t h e  primary 

f l u x ,  whi le  f o r  masses sma l l e r  t han  2 x  1 0 - * K g  t h e  s l o p e  of 
t h e  secondar ies  equa l s  t h a t  of t h e  c rush ing  law Eq. 3.1-3, 
This happens because f o r  t h e  l a r g e r  masses t h e  primary f l u x  
i s  s o  r i c h  i n  s m a l l  p a r t i c l e s  t h a t  t h e  f l u x  of secondar ies  
w i l l  be p r o p o r t i o n a l  t o  t h e  f l u x  of t h e  p r imar i e s .  For 
s u f f i c i e n t l y  smal l  masses, however, t h e  primary f l u x  i s  
r e l a t i v e l y  poor i n  smal l  p a r t i c l e s  and e j e c t a  are mainly 
produced by r e l a t i v e l y  l a r g e  p a r t i c l e s  w i th  masses g r e a t e r  

t 3an  2 x ~ o - ~ K ~ .  

The s p e c i f i c  c o n t r i b u t i o n  of meteoroid showers t o  
t h e  f l u x  of primary p a r t i c l e s  i s  modelled h e r e  a s  a m u l t i p l e  

of t h e  spo rad ic  f l u x ,  E q .  3.11, wi th  a  c u t o f f  a t  a mass of 1 0 - ' ~ ~ ,  
corresponding roughly t o  a  f i f t h  magnitude meteor. There i s  
s u f f i c i e n t  evidence ( c f  Dohnanyi, 1970, f o r  theory  and for 
r e f e r e n c e s )  t o  assume t h a t  known major showers do  n o t  contribute 
s i g n i f i c a n t l y  t o  t h e  f l u x  of primary p a r t i c l e s  smaller than  

- 

about ~ o - ~ K ~ .  While no meteor showers have been r e l i a b l y  
shown t o  s i g n i f i c a n t l y  c o n t r i b u t e  t o  t h e  primary f l u x  of - 
p a r t i c l e s  sma l l e r  than about 10-'Kg, many showers have an  ap- 

p a r e n t  c u t o f f  a t  masses s u b s t a n t i a l l y  h ighe r  than  ~ o - ~ K ~  

Thus we w r i t e  

N ( m ,  shower) = K x  N ( m )  , m - > l o m 5 K g  

N ( m ,  shower) = K x N ( l o m 5 K g )  , m - < ~ o - ~ K ~  

where K i s  a  func t ion ,  approximated h e r e  a s  a  c o n s t a n t ,  Values 
f o r  K f o r  s e v e r a l  w e l l  known showers have been compiled e l s e -  
where (NASA-SP-8013) and a r e  d i sp l ayed  i n  F igures  3  and 4, 
I t  can be seen ,  from t h e s e  f i g u r e s  , t h a t  t y p i c a l  va lues  for 
K range from 0 t o  about 1 0 .  

The curve,  marked H (m,  shower) i n  F igure  2 ,  i s  t h e  
c o n t r i b u t i o n  of a meteor shower w i th  K = l ,  i . e . ,  H ( m ,  shower) 
i s  t h e  c o n t r i b u t i o n  t o  t h e  secondary f l u x  from t h e  spo rad ic  

primary f l u x  when t h e  l a t t e r  i s  c u t  o f f  a t  ~ o - ~ K ~ .  The 



c o n t r i b u t i o n  of any shower i s  t h e  produc t  of H ( m ,  shower) by 
t h e  app rop ra i t e  K va lue  ob ta ined  from Fig .  3 and 4 .  I t  can 
r e a d i l y  be seen  t h a t  none of t h e  w e l l  known showers a r e  l i k e l y  
t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  secondary f l u x  of p a r t i c l e s  

having masses much l e s s  t han  about ~ o - ~ K ~ .  

I t  must be  emphasized t h a t  A f i l m ,  B f i l m  and t ime 
of f l i g h t  d e t e c t i o n  i s  only p o s s i b l e  f o r  p a r t i c l e s  t h a t  have 
a  h igh  enough speed t o  produce impact i o n i z a t i o n ;  i n  t h i s  
c a s e ,  c a l i b r a t i o n s  (Berg, p r i v a t e  communication) i n d i c a t e  a 
t h re sho ld  v e l o c i t y  of about 1 .5  Km/sec, Gaul t  e t  a l ' s  data 
i n d i c a t e  t h a t  du r ing  impact i n t o  a  s e m i - i n f i n i t e  t a r g e t  t h e  
f r a c t i o n  of t h e  t o t a l  e j e c t e d  mass t h a t  acqu i r e s  a v e l o c i t y  

g r e a t e r  than  1 .5  Km/sec, i s  about 4 x It  t h e r e f o r e  f o l -  
lows t h a t  of  t h ~  s~oona.ary na.r t ic1e f l u x  only  . 4 %  w i l l  likely 
be d e t e c t e d  by t h e  impact i o n i z a t i o n  senso r s .  Low v e l o c i t y  
p a r t i c l e s  may however, s t i l l  be de t ec t ed  by t h e  microphones 
provided t h a t  they have a s u f f i c i e n t l y  l a r g e  momentum. 

D i r e c t i o n a l  E f f e c t s  

I n  t h i s  s e c t i o n  w e  s h a l l  cons ider  what e f f e c t  t h e  
o r i e n t a t i o n  of t h e  d e t e c t o r  s u r f a c e s  i s  l i k e l y  t o  have on t h e  
count ing r a t e .  I f ,  e . g . ,  most of t h e  e j e c t a  a r e  e j e c t e d  approx- 
i m a t e l y - v e r t i c a l l y ,  t hen  they w i l l  a l s o  f a l l  down approx- 
imate ly  v e r t i c a l l y ;  i n  t h i s  case  it i s  easy  t o  see t h a t  a 
h o r i z o n t a l  d e t e c t i n g  s u r f  ace  w i , l l  d e t e c t  many more p a r t i c l e s  
i n  a  given t ime than would a  v e r t i c a l  d e t e c t i n g  s u r f a c e ,  

We now cons ider  t h e  t r a j e c t o r y  of t y p i c a l  e j e c t e d  
p a r t i c l e s .  I f  t h e  e j e c t i o n  v e l o c i t y  i s  lower than  l u n a r  escape 
v e l o c i t y ,  and i f  t h e  v e c t o r  v e l o c i t y  forms an angle  0 with  
t h e  v e r t i c a l ,  then t h e  p a r t i c l e  w i l l  r i s e ,  reach a  maximum 
h e i g h t  on i t s  b a l l i s t i c  t r a j e c t o r y  and f i n a l l y  f a l l  back t o  
t h e  s u r f a c e .  Because of symmetry, t h e  p a r t i c l e  w i l l  impact 
t h e  s u r f a c e  wi th  a  v e l o c i t y  equa l  i n  magnitude t o  t h e  e j e c t i o n  
v e l o c i t y  and forming an angle  0 wi th  t h e  v e r t i c a l .  Also,  
because of  t h i s  symmetry of  b a l l i s t i c  t r a j e c t o r i e s ,  t h e  t ime of 
f l i g h t  du r ing  which a  p a r t i c l e  i s  r i s i n g  equa l s  t h e  t ime of 
descen t  and hence,  f o r  a  s t eady  s t a t e  secondary f l u x  t h e  nun- 
bt5.r of  " r i s i n g " p a r t i c 1 e s  equa l s  t h e  number of  "descendingu' 
p a r t i c l e s .  Furthermore any v e r t i c a l  tes t  s u r f a c e  w i th  s u f f i c i e n t l y  
l a r g e  exposure and n o t  p r e f e r e n t i a l l y  s h i e l d e d  by rocks ,  mounds, 
e t c .  w i l l  be impacted by a number of r i s i n g  p a r t i c l e s  equa l  t o  
t h a t  of descending p a r t i c l e s .  

The major d i f f e r e n c e s  i n  t h e  p r o p e r t i e s  of r i s i n g  par-  
t i c l e s  compared wi th  t h e  descending ones a r e  t h a t  (1) t h e  descend- 
i n g  p a r t i c l e s  always have a  v e l o c i t y  l e s s  than l u n a r  escape v e l e i t y  
whi le  some of t h e  ascending p a r t i c l e s  may be t r a v e l l i n g  i n  hyper- 
b o l i c  escape t r a j e c t o r i e s  : ( 2 )  t h e  descending p a r t i c l e s  a r r i w  , 
on t h e  average,  from a much longer  ranqe than t h e  ascendina 



p a r t i c l e s  and t h e r e f o r e ,  f o r  a  g iven d i f f e r e n t i a l  s o l i d  angle  
of p a r t i c l e  t r a j e c t o r i e s  i n t e r c e p t e d  by t h e  s e n s o r ,  t h e  de- 
scending p a r t i c l e s  r e p r e s e n t  a minute f r a c t i o n  of e j e c t a  f r o m  
a  l a r g e  number of remote primary events  whi le  t h e  ascending par- 

J t i c l e s  comprise a  s i g n i f i c a n t  f r a c t i o n  of e j e c t a  o r i g i n a t i n g  
from a  smal l  number of nearby primary events .  

W e  now d i s c u s s  t h e  f l u x  i n t o  an a r b i t r a r i l y  o r i e n t e d  
tes t  s u r f a c e .  Assume t h a t  du r ing  t h e  impact of a  primary 
p a r t i c l e ,  a l l  secondary p a r t i c l e s  a r e  e j e c t e d  i n t o  b a l l i s  t i c  
t r a j e c t o r i e s  i n i t i a l l y  forming an angle  Bo wi th  t h e  v e r t i c a l ;  
a l s o  assume t h i s  de l t a - func t ion  d i s t r i b u t i o n  i n  0 t o  be 

a x i a l l y  symmetric. I t  i s  then shown i n  Appendix B t h a t  t he  
secondary f l u x  i n t o  an a r b i t r a r y  t e s t  s u r f a c e  whose normal 
forms an angle  $ with  t h e  v e r t i c a l  i s ,  r e l a t i v e  t o  t h e  f l u x  
i n t o  a  h o r i z o n t a l  test s u r f a c e ,  

down 
x(eo ,$)  = x ( e O , + )  = cos YJ, 

where x ( ~ o , $ )  i s  t h e  r a t i o  of t h e  f l u x  of secondar ies  i n t o  t h e  

u n i t  s u r f a c e  a t  ang le  $ t o  t h e  f l u x  i n t o  a  s i m i l a r  s u r f a c e  a t  
angle  $ = 0.  The s u p e r s c r i p t  "down1' means t h e  f l u x  of p a r t i c l e s  
descending i n  t h e i r  o r b i t s .  S ince  n/2-$ i s  t h e  angle  formed by 
t h e  t e s t  s u r f a c e  wi th  t h e  v e r t i c a l ,  t h e  s u r f a c e  i s  c l e a r l y  
i n a c c e s s i b l e  t o  upgoing p a r t i c l e s  (i. e .  p a r t i c l e s  r i s i n g  i n  t h e i r  
o r b i t s )  f o r  e j e c t i o n  angles  0, sma l l e r  t han  ~ / 2 - $  and t h e  e n t i r e  

f l u x  i n t o  t h e  t e s t  s u r f a c e  w i l l  be  caused by secondary p a r t i c l e s  
descending i n  t h e i r  o r b i t s .  

For 

we have, from Appendix 3, 

-1 X down ( g o ,  l)) = ( l / n )  s i n  $ t a n  B o  s i n  [cos (cot$/ tando)  I +  
[ l -  ( l / n )  cos-' (cot$/ taneo)  1 cosl) ( 4 . 3 1  

and 

Some of t h e  p r o p e r t i e s  of Eq. 4 - 1 1  4 . 3  and 4 . 5  can be 
down 

seen from Fig .  5 ,  6 and 7 .  F igure  5 i s  a  p l o t  of x ( o a f $ )  
given by Eq.  4 . 1  and 4.3. It  can be seen  from t h e  f i g u r e .  



t h a t  f o r  l a r g e  B o ,  i . e .  f o r  p a r t i c l e s  e j e c t e d  almost  horizon- 

t a l l y  a  t i l t e d  s u r f a c e  o r  v e r t i c a l  s u r f a c e  ( i . e . ,  l a r g e  $ )  
w i l l  i n t e r c e p t  more descending p a r t i c l e s  t han  would a  bsr izon-  
t a l  t e s t  s u r f a c e .  This  "advantage" i s ,  however, l o s t  when 
t h e  e j e c t i o n  angle  €I0 about 70'; i n  t h i s  ca se  t h e  impact 

r a t e  bv descendina d articles i s  more o r  less t h e  same regard-  
less of t h e  angle  of tilt, +. For sma l l e r  B o ,  t i l t e d  su r f aces  

w i l l  i n t e r c e p t  a  sma l l e r  p a r t i c l e  f l u x  than would a  h o r i z o n t a l  
su r f ace .  I t  i s  q u i t e  c l e a r  t h a t  f o r  most ang les  of e j e c t i o n  
t h e  h o r i z o n t a l  tes t  s u r f a c e  i s  a  s i g n i f i c a n t l y  b e t t e r  d e t e c t o r  
of descending p a r t i c l e s  t han  i s  a  t i l t e d  su r f ace .  

F igure  6  i s  a  p l o t  of xUP ( B o , + )  g iven by Eq. 4 . 4 .  

S ince  a  h o r i z o n t a l  s u r f a c e  cannot d e t e c t  p a r t i c l e s  t r a v e l l i n g  
upward, i t  i s  a  very poor d e t e c t o r  of  r i s i n g  p a r t i c l e s ,  A s  
one would expec t ,  l a r g e  e j e c t i o n  angles  0 w i l l  improve t h e  

0 

impact r a t e  i n t o  t h e  t e s t  s u r f a c e  f o r  adequate tilt angles  $,  
For e j e c t i o n  angle  e0  = 80°,  and tilt angle  $ Q 15O, t h e  eont r ibu-  

t i o n  of t h e  upgoing p a r t i c l e s  i s  cons iderab le :  t h e  impact rate 
due t o  t h e s e  p a r t i c l e s  i s  about  3 t i m e s  t h e  t o t a l  r a t e  on a  
h o r i z o n t a l  s u r f a c e .  When e n  :, 60°,  t h e  c o n t r i b u t i o n  of t h e  - - 
upgoing p a r t i c l e s  t o  t h e  impact r a t e  xUP ( B o , + )  decreases  with 
dec reas ing  eo .  

F igure  7  i s  t h e  t o t a l  impact r a t i o  xUP ( e o , + )  + 
down 

X ( e o , x ) .  I t  i s  r e a d i l y  seen t h a t  f o r  l a r g e  O o  t h i s  impact 

r a t e  i s  much g r e a t e r  f o r  a  t i l t e d  s u r f a c e  than f o r  a  h o r i z o n t a l  one. 
For e j e c t i o n  angles  of about 50' o r  s m a l l e r ,  t h e  impact r a t e  
i s  lower f o r  a l l  t i l t e d  s u r f a c e s  compared wi th  t h e  h o r i z o n t a l  
su r f ace .  W e  may, t h e r e f o r e ,  conclude t h a t  t h e  h o r i z o n t a l  su r -  
f a c e  of t h e  l u n a r  experiment w i l l  be a  more e f f i c i e n t  d e t e c t o r  
of e j e c t a  wi th  s m a l l  e0  and t h e  v e r t i c a l  s u r f a c e s  w i l l  be more 

e f f i c i e n t  i n  d e t e c t i n g  e j e c t a  wi th  l a r g e  va lues  of eo .  

A word of  cau t ion  i s ,  however, i n  o r d e r :  th.e eont r ibu-  
t i o n  of t h e  upgoing e j e c t a  i s  n o t  l i k e l y  t o  mani fes t  i t s e l f  a s  
a  s t eady  f l u x .  For 0 = 45O, f o r  example, a l l  p a r t i c l e s  t h a t  

U 

c o n t r i b u t e  t o  t h e  ascending f l u x ,  F ~ ~ ,  w i l l  o r i g i n a t e  i n  impacts 
a t  an approximate d i s t a n c e  from t h e ' d e t e c t o r ,  equa l  t o  i t s  
h e i g h t  h  above t h e  ground. On t h e  o t h e r  hand, on t h e  assump- 

t i o n  of a  f l a t  moon,the descending f l u x ,  F  down w i l l  c o n s i s t  

of e j e c t a  produced a t  a  d i s t a n c e  D = v2 s i n  2e/g, where v i s  
t h e  speed of t h e  e j e c t a  and g  is  t h e  l una r  g r a v i t a t i o n a l  
a c c e l e r a t i o n .  For v ' =  1 .5  km/sec and 8 = 45' t h i s  g ives  D = 

3 0 
1 . 4  x  1 0  km. I t  t h e r e f o r e  fol lows t h a t  F down w i l l  be a more 
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o r  l e s s  s t eady  f l u x  of a f i x e d  number of  p a r t i c l e s  h i t t i n g  t h e  

d e t e c t o r  i n  u n i t  t ime ,  b u t  F~~ w i l l  c o n s i s t  of spo rad ic  "bursts",  
Each such b u r s t  v ? i l l  con ta in  pap77 e j e c t e d  p a r t i c l e s  from nearSy ,  
and t h e  r a t e  of  t h e s e  b u r s t s  i s  l i k e l y  t o  be about f h  c o t  O h ) /  

\J 2 
v sin2O-/g) sma l l e r  than  t h e  impact r a t e  of t h e  down-corning 

u 

p a r t i c l e s .  For 3 .  = 45' and h  = 1 meter t h i s  f a c t o r  i s  about - 0 

lo- ' ,  and i s  r e a d i l y  seen t h a t  f o r  l i m i t e d  pe r iods  of exposure ,  
one i s  very u n l i k e l y  t o  encounter  up-going e j e c t a .  We s h a l l  
t h e r e f o r e  p r e f e r  t o  use  Figure  5 ,  r a t h e r  than  F igure  7 ,  f o r  
e s t i m a t i n g  t h e  impact r a t e s  t o  be  expected.  

I n  o rde r  t o  e s t i m a t e  t h e  nominal count ing r a t e  on t h e  
l u n a r  s u r f a c e ,  we cons ide r  F igure  8 .  This i s  a p l o t  of e j e c -  
t i o n  v e l o c i t y  v vs  e j e c t i o n  angle  6 o f o r  secondar ies  produced 

i n  t h e  l abo ra to ry  (Gaul t  e t  a l . ,  1963) .  I t  can be s een ,  t h a t  
f o r  p a r t i c l e s  f a s t e r  than  about 1 .5  km/sec, B o  $ 40°. Since 

t h e  number of secondar ies  decreases  r a p i d l y  w i th  i n c r e a s i n g  
e j e c t i o n  speed ,  it may be assumed t h a t  most o f  t h e  secondar ies  
t h a t  w i l l  be d e t e c t e d  correspond t o  an e j e c t i o n  angle  of about  
40 '  o r  50'. Returning now t o  F igu re  5 ,  w e  see t h a t  O o  40' 

o r  50° reduces t h e  count ing on t h e  v e r t i c a l  s u r f a c e s  t c  about 
30% o r  4 0 %  of t h e  count ing r a t e  f o r  a  h o r i z o n t a l  d e t e c t i n g  su r -  
face .  

Discuss ion and Resu l t s  

Using t h e  in format ion  developed i n  t h e  prev icus  see-  
t i o n s ,  one can c a l c u l a t e  t h e  expected number of impacts t h a t  
t h e  ins t rument  w i l l  d e t e c t .  The r e s u l t  i s  summarized i n  Table 
1, where t h e  d e t e c t a b l e  d a i l y  impact r a t e s  by primary and 
secondary p a r t i c l e s  a r e  l i s t e d  f o r  each senso r ,  a s  i n d i c a t e d ,  
For t h e  e j e c t a ,  an average speed of 1 0 0  m/sec has  been employed 
( c f  Zook, 1967) and an e j e c t i o n  angle  of 3 = 45'. Such a  
choice  f o r  3 i s  i n  agreement w i th  empi r i ca l  r e s u l t s  by Gaul t  
e t  a l . ,  (1963) .  I t  should be  po in ted  o u t  t h a t  t h e  impact r a t e s  
of e j e c t a  r i s i n g  i n  t h e i r  t r a j e c t o r i e s  a r e  underes t imated in -  
asmuch a s  p a r t i c l e s  wi th  a  v e l q c i t y  exceeding l u n a r  escape have 
no t  been inc luded  i n  t h e  c a l c u l a t i o n .  Because of t h e  r a p i d  
decrease  of t h e  number of e j e c t a  wi th  e j e c t i o n  speed,  such f a s t  
p a r t i c l e s  a r e  n o t  expected t o  c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  
impact r a t e .  Furthermore,  t h e  measured impact r a t e s  of ascending 
p a r t i c l e s  a r e  no t  t h e  t r u e  impact r a t e s ,  b u t  r e p r e s e n t  l a r g e  
numbers of simultaneous impacts on t h e  d e t e c t o r  t h a t  o r i g i n a t e  
i n  nearby meteoroid impacts on t h e  l u n a r  s u r f a c e  s epa ra t ed  by 
long t ime i n t e r v a l s .  I n d i v i d u a l  impacts cannot be r e so lved  
when such b u r s t s  occur .  

I t  i s  r e a d i l y  seen from Table 1 t h a t  secondary events  
w i l l  outnumber primary events  by a  f a c t o r  of about 1 0  t o  20  
f o r  a l l  s enso r s  except  t h e  microphones, which w i l l  count about 



2 1 0  t imes more secondar ies  than  pr imar ies .  We, expec t  t he re -  
f o r e ,  t h a t  d e t e c t i o n  and i d e n t i f i c a t i o n  of  primary meteoroids 
w i l l  only be p o s s i b l e  wi th  t h e  TOF senso r  because t h e  l a t t e r  
measures p a r t i c l e s  v e l o c i t y  v e c t o r  as w e l l  a s  k i n e t i c  energy.  

Using t h e  p r i n c i p l e  of energy conserva t ion ,  Boyle 
and Orrok (1963) have shown t h a t  t h e  i n t e g r a t e d  f l u x  of k i n e t i c  
energy of secondar ies  cannot exceed t h a t  of t h e  p r i m a r i e s ,  
S ince  t h e  TOF and A and B f i l m  d e t e c t i o n  is  only p o s s i b l e  for 
p a r t i c l e s  having a k i n e t i c  energy i n  excess  of a th re sho ld  value, 
it may appear s u r p r i s i n g  t h a t  w e  e s t i m a t e  a  much h igher  de tee-  
t i o n  r a t e  f o r  secondar ies  t han  f o r  p r imar i e s  (Table 11, It 
can r e a d i l y  be  shown, however, t h a t  t h e  i n t e g r a t e d  k i n e t i c  
energy f l u x e s ,  de f ined  by t h e  p r e s e n t  model do n o t  v i o l a t e  
Boyle and Orrok (1963) b u t  a r e  s e n s i t i v e  t o  t h e  assumed cu t -  

o f f  i n  t h e  primary f l u x  a t  5 x  1 0 - l ~ ~ ~  and t h e  " f l a t t e n i n g "  
of t h e  s l o p e ,  on a  doubly loga r i t hmic  p l o t ,  of t h e  primary f l u x  

- 

-10  f o r  p a r t i c l e s  sma l l e r  t han  1 0  Kg. 

Table 1 i n d i c a t e s  t h a t  t h e  expected count ing  r a t e s  
w i l l  vary  cons iderab ly  from senso r  t o  sensor .  Microphones a r e  
expected t o  r e g i s t e r  s e v e r a l  secondary impacts a  day,  whi le  
t h e  TOF measurement r a t e  f o r  p r imar i e s  i s  expected t o  be only  
about  one even t  every f o u r  months f o r  t h e  Eas t  looking sensor .  
The a b s o l u t e  count ing r a t e s  a s  w e l l  a s  t h e  r e l a t i v e  count ing  
r a t e s  of each senso r  are s e n s i t i v e  func t ions  of t h e  model environ- 
ment, e .g.  an angular  d i s t r i b u t i o n  of e j e c t a  which i s  s i g n i f -  
i c a n t l y  d i f f e r e n t  from our  s imple  model, w i l l  g i v e  rise t o  d i f -  
f e r e n t  r e l a t i v e  count ing r a t e s  f o r  t h e  s enso r s .  I f  t h e  cominu -  
t i o n  law f o r  c r a t e r i n g  i n  l u n a r  m a t e r i a l  i s  apprec iab ly  d i f -  
f e r e n t  from t h e  p r e s e n t  model, t h e  a b s o l u t e  count ing r a t e s  of 
t h e  LEAN senso r s  would correspondingly d e p a r t  from t h e  es t i -  
mates of Table 1. Consequently, t h e  count ing r a t e s  of t h e  
LEAN d e t e c t o r s  w i l l  i n d i c a t e  a  micrometeoroid environment t h a t  
can be de f ined  and i n t e r p r e t e d  wi th  t h e  u se  of t h e  p r e s e n t  
a n a l y s i s .  
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APPENDIX A 

This Appendix g ives  an e x p l i c i t  formula f o r  t h e  
cumulative f l u x  of e j e c t a  H ( m )  (Eq .  3.18) 

This means t h a t  w e  merely have t o  perform the 
i n d i c a t e d  quadra ture .  Using t h e  d e f i n i t i o n  of h  (m)  d m  (eq , 
3.18) w e  have 

where f  (m) i s  given by Eq. 3.11. W e  see t h a t  t h e  form of 
h(m) dm w i l l  be  d i f f e r e n t  depending on 

< 
> 2 0 0 ~  = 2 x  L O - ~ K ~ ;  (A-3) 

-15 
The i n f l u e n c e  on h(m)dm of  t h e  cu to f f  on f  (m) a t  m = 5 x 10 K g  
can be shown t o  be s m a l l  and i s  t h e r e f o r e  neg lec ted .  

I t  i s  then s t r a i g h t f o r w a r d  t o  show t h a t  

and 

which i s  t h e  d e s i r e d  r e s u l t .  



APPENDIX B 

I n  t h i s  appendix, formulas w i l l  b e  de r ived  far t h e  
f l u x  of s e c o n d a r y - p a r t i c l e s  i n t o  a t e s t  s u r f a c e  o r i e n t e d  a t  
an angle  $ from t h e  h o r i z o n t a l  f o r  va r ious  angula r  d i s t r i b u -  
t i o n s  of  ejecta produced du r ing  a given impact event .  

Le t  us  cons ider  a p lane  tes t  area of magnitude da, 
i n c l i n e d  t o  t h e  xy p lane  a t  an angle  $, and s o  o r i e n t e d  that 

i t s  normal d z  i s  i n  t h e  xz plane .  

d z  = da  s i n $  3 + da  cos$ k (B- 1) 
A A A 

where i, j  and k are t h e  u n i t  v e c t o r s  i n  t h e  x ,  y and z d i r e c -  
t i o n s ,  r e s p e c t i v e l y .  

Now cons ider  a v e c t o r  d l  of a r b i t r a r y  o r i e n t a t i o n  
and l eng th  d l :  

d 1  = d l  s i n e  c o s + i  + d l  s i n 6  s i n +  j + d l  cose k dB--Z]i 

a s  i l l u s t r a t e d  i n  F igure  B-1.  

W e  now c a l c u l a t e  t h e  volume Vol of  t h e  p a r a l l e l e p i p e d  

wi th  base  d z  and a x i s  d1: 

3 Now l e t  d n ( v , 6 , + )  dvd6d+ be t h e  number of secondar ies  p e r  
u n i t  volume having a v e l o c i t y  i n  t h e  range v t o  v+dv, and 
d i r e c t i o n  i n  t h e  range 6 t o  6+dB and + t o  ++d+.  Assuming sym- 
metry wi th  r e s p e c t  t o  +, w e  have: 

I f ,  i n  Eq. B-3, w e  l e t  

d l  = v d t  (B-5) 

3 then it r e a d i l y  fo l lows  t h a t  Vol x d n dvd6d+ i s  t h e  nu&er of 
3 

secondar ies  impacting da  du r ing  a t i m e  d t  from angula r  d i r e e -  
t i o n s  8 t o  @+dB and + t o  ++d+. 



The flux of secondaries from the direction 8 and 
4 is then 

3 
3 Vol x d n dvded4 

d ~,(v,e,@)dvded4 = da dt 

2 d4 (13-6) 
= vd n(v,O)dvd@ (sin$ sine cos4 + cos$ cos8) 

and the flux of particles with all velocities and from every 
direction is obtained by integrating Eq. B-6 over suitable limits, 

We now introduce the simplifying assumption that 
all secondaries are ejected into a trajectory forming, initially, 
an angle 8 with the vertical. Near the lunar surface all 

0 

secondaries will then be travelling at an angle eo with the 
vertical, going up, or an an angle II-eo with the vertical going 

down. More precisely, we take 

This angular distribution for secondaries is convenient because 
of its simplicity and because any arbitrary distribution can be 
expressed as a suitable linear combination of such delta function 
expressions. 

Combining Eq's B-6 and B-7, and using Figure B-2 
it can readily be shown that the flux of dF(v)dv integrated 
over all directions is: 

v dF (v)dv = - dn(v)dv x 
$ 2i-I 

I 

i rI! 
2rI 

i 

( / de d@[sin$ cosm sine + cos$ cose] [ s  ((3-eo) c 6 ( 0 -  [II-e0) 1 

r, 
IT \ 
2 + lJ <-n-a 

,i \ 
\ + 1 

I i d@ [sin$ cos+ sine + cos$ cose] [ti (8-eO) + 6 ( 0 - [ 1 1 - 0 0 1  P ] ) 

"'11 
-i-I+a 

- - 
2 '4 i 

(B-8 )  ' 



where 

-1 
a = cos ( c 0 t + / t a n 8 ~ )  . (B-9) 

The f i r s t  i n t e g r a l  i n  E q .  B-8 i s  t h e  c o n t r i b u t i o n  
t o  t h e  f l u x  i f  e o  < II/2 - ); i n  t h i s  ca se  t h e  second i n t e g r a l  

i n  E q .  B-8 van ishes  and s o  does t h e  c o n t r i b u t i o n  of  t h e  upgoing 
f l u x  which i s  completely s h i e l d e d  from t h e  tes t  s u r f a c e .  A l l  
impacts a r e  caused by secondar ies  f a l l i n g  back t o  t h e  l una r  
sur face , .  Using E q .  B-8, w e  khen have 

n: < - -  dF@ (v)  dv = vn(v )  dv cos$ coseo, eo - YJ . (B-10) 

We now cons ide r  t h e  s e p a r a t e  c o n t r i b u t i o n s  of  t h e  up- 

going f l u x  dFUP and down coming f l u x  dF when II/2-+ 2 eo  - < n/2, 
The f i r s t  i n t e g r a l  i n  E q .  B-8 van ishes  and we have: 

vn (v )  dv -1 (v)  dv = II { s i n +  s i n e  o s i n  [cos (co t$ / taneo)  

(R- 11) 

and 

dFiP (v )dv  = 
-1 

V n ( V )  II d v  { s in*  s i n e o  s i n  [cos  ( co t$ )  / taneo]  

-1 + cos+ coseo cos [cot+/ taneo]  1 .  (B- 12) 

I n  t h e  p r e s e n t  s tudy ,  w e  are i n t e r e s t e d  i n  t h e  magni- 
tude  of t h e  f l u x  a t  d i f f e r e n t  ang les  + compared wi th  t h e  flux 
f o r  a h o r i z o n t a l  d e t e c t o r ,  +=0. We s h a l l  t h e r e f o r e  c a l c u l a t e  

(B- 13 ) 

f o r  t h e  va r ious  cases, Eq .  B-10,  11 and 1 2 .  The r e s u l t  i s  

x ( e o , + )  = COS+,  e < (1112) - + (B-14) 
0 - 



-1 
x d o ~ n  ( e o , 4 )  = 

taneo s i n  [cos (cot+/ taneo)  l + 
'lr 

and 

The formulas f o r  xUP ( e o ,  4 )  , x down ( e o , + )  and t h e i r  sum a r e  p lo t -  

t e d  i n  Figure 5 ,  6 and 7 respect ive ly .  



TABLE 1 

ESTIMATED IMPACT RATES ON THE LEAM DETECTORS 

Detector TOF** 

A-f ilm* Eas t  
Looking TOF** 
Detector 

B-f ilm* West 
Looking 11'x4" mike 
Detector 3"x411 mike 

* Using an angle of acceptance of II s t e r a d  

** Using a TOF s a t e  of .175 x A-film de tec t ion  r a t e .  

*** Using an angle of acceptance of - 9 8  s t e r a d  





FIGURE 2 -CUMULATIVE FLUX OF PRIMARIES N(m) AND EJECTA H (m.SHOWER) PRODUCED BY 
SHOWER PRIMARIES 
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FIGURE 3 -ACTIVITY RATIO FACTOR VERSUS PERIOD OF ACTIVITY (JANUARY -AUGUST) FOR MAJOR STREAMS 
BASED ON PHOTOGRAPHlC METEORS WITH MASS, m >lo-' GRAM 
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FIGURE 4 - ACTIVITY RATIO FACTOR VERSUS PERIOD OF ACTIVITY (SEPTEMBER - DECEMBER) FOR MAJOR 
STREAMS BASED ON PHOTOGRAPHIC METEORS WITH MASS, m >10' GRAM 





FIGURE 6 - RATIO OF THE FLUX OF PARTICLES, xUP, RISING I N  THEIR BALLISTIC TRDbJECTQRBES 
INTO A SURFACE, TILTED AT ANGLE dJ WITH THE HORIZONTAL, TO THE FLUX OF 
(DESCENDING) PARTICLES INTO A HORIZONTAL SURFACE OF THE SAME SlZE 



FIGURE 7 - RATIO OF THE TOTAL FLUX OF PARTICLES, xUP + xDoWN, INTO A TEST SURFACE, 
TILTED AT ANGLE I) WITH THE HORIZONTAL, TO THE FLUX OF (DESCENDING1 
PARTICLES INTO A HORIZONTAL SURFACE OF THE SAME SIZE 



ESTIMATED, Vi = 28KMlSEC 
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FIGURE 8 - VARIATION OF EJECTION VELOCITY WITH EJECTION ANGLE FOR FRAGMENTS THROWN 
OUT OF CRATERS FORMED IN  BASALT BY HYPERVELOCITY IMPACT 



FIGURE B-1 -GEOMETRICAL ILLUSTRATION FOR DERIVING EQUATION B-6 I N  THE TlEXT 



FACE 

FIGURE B-2 - GEOMETRIC CONSTRUCTION DEFINING THE LIMITS OF INTEGRATION FOR EQUATION B-8 
IN  THE TEXT FOR EJECTA WITH ANGULAR DISTRIBUTION go >go0 - $, I T  IS READILY 
SEEN THAT COS a = TAN (~O~-$) /TAN 8 






