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I .  IN TROD U CTION

Science  A p p l i c a t i o n s , I n c .  ( S A T  ) has b oon e x a m i n i n g

and  p r e d i c t  i n g  c r a t e r  e j ect a  e n v i r o n m e n t s  fo r  bo th  h i g h
ex p l o s i ve  (H E ) and n u c l e a r  d e t o n a t i o ns  f o r  a n u m b e r  of
y e a r s . S u p p o r t e d  by the  D e f i . - n s e  N u c l e a r  A~ o - n cv ( I ) N , A )

SAT has  deve l oped a ba s i c  e ,j e ’ c t a  model , r i - c e n t  I v  u p g r a de d
to i n c l u d e  t he  l a t e s t  t h e o r e t i c a l  a n i  e - x p e r i m e n t a . l r’ os u l l s
( see Re fe r e n c e  1) .  The work  r ep o r t e d  h e r e -  i s  i n  d i  i’ i - v t

s u p p o r t  of  t h i s  model  dov e i o pm en  t e I f o r ’  t , a n d co m i~ I e t e s

o u r  e f f o r t s  at  c h a r a c t e r i z i n G  th e  e,j e c t a  i n — f l i g h t s i z e -
d ist r i b u t  i ons  f o r  t h e  MIDDLE GUST s e r i e s  o f  h i gh  e x p l e u s i  v i ’
t est s

‘i’he SA T —d o y e ’  loped model  cons i der s  t h e  en t i r h I s t o

o l  c rat e r  f o r m a t i o n  and e j e c ta  d e p o s i t ion .  (‘r a t e r  I c I ’ : ~ a —

t io n a n d e jec  ta  th r owo u t a r e m o d e l e d  an d  t ia ,] ‘c L o t ’  i - s  )

r e p r e s e n t at i v e  -‘j e c t a  are  c a l c u l a t o d  to pro s. i d e  a desci ’i p—
t i o n  of  t h e  a l  ~‘boi ’ns ’  i j e c t a  c l o u d .  T h e  i. l o t . !  1 K  l I  s . d  t o

i m p a c t  , a n d  a f i  na 1 e j e c ta  b l a n k e t  t h  I ckne s s  i 5 obt a i t ied
Dv i n t e g r a t  i ng  a l l  o f  t h e  e je c t  a I m p a c t i n g  t h e  s u r f a c e .

‘I’he f i n a l  e ,j ec ta  b l a n k e t  i s  g e n e r a l  l v  c h a r a ( - t e ri / . i ’ d as

h a v i n g  t w o  d i st  i m ~~’t 1 y  di  f I e r e nt  zones  . A n  i n ne r  t o n i ’

w h i c h  c a n  be de ’s~ r I h i d as h a y  i ng  a con  t i n  e t ous  ( l i s t  1’ I h u t  i o n

of t ’ ,j e ’ c t a  m a t e r i a l  w h i c h  comp l e t i ’ l v  c o v e r s  the s u r f a c e ,

a n d  a n  out or z o ne  w h or e  i m p a c t  h ’coiae ’s li’ss f l I l i a u ’ I ’ O U s  , the

c o v e - r i n g  is discontinuous , and i n i f o i c t  I~~ s i - s s f l h u ’f lt t5 i re

bes t  hand l Ed in a p r o b a l) i  ii sti c manner.

The work repor ted  h e r e  ob ta i ned i n— f I i  g u t  e ’ ,~ o ct  a

S i z e  d i  s t r i h u t  i o n s  f r o m  p h o t o g r a p h i c  re-cords of ’ t h e ’  \I I DDLI-:
GUS ’I ’ e - v i - n t~ , Combu st  ion  p r o d u c t s  ( s m o k e )  an d  l ar g o  a m o u n t s

o f  l o f t e d  ( l u s t  t e n d  t o  o b s c u r e  t h a t  p a r t  o f  t h e  ej e ’ c l  a

c l o u d  ( ‘ l O s e st t o  d e t o n a t i o n .  I” or t h i s  r e a son  t h e s e  r e - s u i t s

I

)• .- .,‘ 1 • ”  - .“.1 ~~~~~~~~ . I ,~ L I ,. ‘, ,Ij . ~.- ‘flK -, . t T  r’IL ~- :’~D

_______________________________ 
_ _ _ _ _ _ _ _ _ _ _  ~~~-‘L .. ~~~~~~~~~~~~~~~~~ .-~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _  -_~~~~~~ -~~~~~~~~~~ - .‘ -~~~ ~~~~~~~ — - - - - ..--- ---- -

a r e  more proper  lv  ( ‘o r r e  - Ia  t ed  s’. i t h t, lie e , j u - c  t a f o u n d  i n  t he

ou t e r  i m p a c t  zone , and t h e n  on l v  l e o ’  t h e  l a r g e t ’  e j e c t  a

as t h e  l i m i t in g r e s o l ut i o n  ( C f  t h e  ph o t o g r a p h i c  r e c o r di n g

sy s t e m  w i l l  not pe1’i~i I  t t h e  o i l s  X’ v a t  1 0 1 1  o f  ( ‘j e C ’ t a  b e l u i ’~ a

c e r t a i n  s iz e  l i m i t .

T he to I l o w i n g  t so su  ‘c t i 011K o I t ~i i s ma - p o r t  sv 1 1
o u t l i n e  t h e  size d i s t r i b u t i o n  desu.’ r i p t  i o n  u sed  i n  t h e-

e j e ct a  n s d e I  , w i  1 1 r e v i e w  t h e  s I cp Ie o i ’ I  I ng d a t  a 1 1 ) 1 ’  It - a n d

w i l l  t h en  report on t h e  s i ze  d i st  i ’ i bu t i o n s  me a s u r ed  f o r

the 1IDDLL GUS ’!’ e vents . The r e p o r t  con c ludes svi th a b r i e f

I a - v i e w  o f  & ‘ , j e- cta b a l l i s t i c s  and the t e c h n i q u e - s  u s u - d  i n

den s. i ng  ( lv i i  anu c u J e c .  I a pa 1’a1~a -  l e t ’ s suc h as v s -I oc I t v
pi sit i n  , d r a g  coe ’  I I ic I c O t  a n d  e ‘je e t I on an .~ l e ’ f r i  rn s i m p l e

ph otographic r s- s ’o m’d s

/
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I I  . I -~JEC’1’ A SI ~, i1  MODEL A N D  PAST T h -A SU R 1 ’ / ~fl’ ,N T s

The SAl e - j e c t a  mode l has t w o  m a i n  e l e me n t s  — —  t h e

c i’a t e l’ so ur c e  and  a l’a ,je c t o ry  ca I cu l  at  i o n .  The  crater

so ur c e  is  ( t i - f i n e d  Dv a theo t’ - t i c a l  v e i o i - i i v  d i s t r i b u t i o n
I or  t h e  i. ’o n t  in u ou s  h i v d r o d v n a m i  e m a t e r i a l  t c a y  i ng t h e

c r a t e r , by  e m p i r i ca l  mode l s  f o r  - ,j c - c t a  mass , e j e ’ c t a  Si ze ’
i j i s t  rib ut lo fl a n d  m a \ im u n i  e j e c t  a si/c ’ - a n d  by ex p e r i m e nt a  I

i s i i s e ’ r y a tj e i n s  o f  u -,jecta v e l o c i t y  ( f o r  h i g h  e x p l o s i v e -  s h o t s ).

The ’  t r : l j e - t  o i ’V  c ’ a l c i i l a t i o n  I i i l l o w s  t h e  e ,j e c t a  p r o d u ce d

l iv  H a -  s l u r s - c -  a n d , u s i n g  a i. i n i p r e ’ s s i b l e  f l o w  a e r o dy n a m i c

ci rag flII i s l e - I  , t r a c k s  t hem I i i  in i u g f i  a U I oss I h ’ I d d i -  l’i n ed  by

i h i ’  V O i f l ) f N ( i o n I c - N  d u st  mode I )  p t’ -. -~~ , r ane  . U s i n g  t h i  s a p p r o a c h

Wi ’ a i ’~ ab h -  t o  c h a r a c t e r i z e  1) 0 t h  t h e ’  a i r b o r n e  ej e c t a  c l o u d

an d  t L i ’ in w i i d  dc -p  us i t I s  in

The  wo rk r e p o r te d  li - r i ’  has h e - e n  d i i ’ c - c t e d  sp e c i  I i c a l  l v

a t  t h : e t c ’ l e n i s ’ n t  o f  t h e  n o d e - i  w l l i ( - h  cove r s  a d e s c r i p t i o n  i l

u - j i - e t a  s i z e  ij i s i  r i b u t  Ions. T h i s  i s  an  i m p o r t a n t  p a r t  o f  t h e

i ’ , p ’ c - t i  mode  - I , a id i s i.’u r r ’ e ‘El t 1 y ha Si -d oIl an c - a l ’  I v  r ev  i c - s .~
( R e - f ’ e t ’ i - i i s ’ i ’  2 ) o f  m a n y  d i f f e r - n t  s o u r - - s  i t  e~~e - - t a  — —  c - n —

y e - l i t i o n a l  a n d  n u c l e a r  flu ’ t o n a t  j e l l s , h y l i e ’ r v e l o c ’ i t y  e-~~ i a c t

st  eid i c ’s  , me t i - i’ 1 mp a c  I s , e t o  . For  i.’o h e - s  Vt ’ !lii ‘ i l l  a s i - - t i  a s

o 1 a v , I as a 1 t a n d  g r a n  I t s - ( l i e  d i  F f o r  c - n t  i a I na  ss il - - I I V

c l i — g  n i b u t  ion  i s  : t s s s i o . - cI I D i ’  i’ i - p r i ’ s e n t e ’ d  Dv

-

= ,_ e_: (I. 
~ ( 1 )

In

‘i7) :t i s  I l le ’ r a t  i i i  o f  H i -  d i  l I e - i a - n t  I a  I ma s s  -S e1

; e s s e e u ’ i a t i - d  w i t h  f h e ’  di f t c - r i - n t  i a l  i ’,j e ’c t a d i a m e t e r  ia ,

i s  t i -  d i  arn e ’ t i - i ’  o F t ! e u  - I a r g e  s t  - t i  ‘ - I  a , a n d  ~-i i s t h e ’

a I i - f e c  t a m ass i n  rnega t o n s .  ‘I ii i s N’ f a t  i i  snsli I p i s used

~~~~~ 

‘ ± 
.



I

ovel’ a r a n g e  o F ej  ec ta s izes  f rom 10 to I me t en , and
G a u l t  , et al  ( R e f s ’r en c c ’  3)  c o m p i l e d  d a t a  f o r  c’ .’ip losi . ve

and  i m p a c t  c r a t e r i n g  e v e n t s  t o  d e r i v e  a c o r r e l a t i o n  of

ni : l s s  s~ U 1 a rgeS t e j e ’c  t a  ( M  ) svi th  M asen c ’

~
t ni 

= 6 . 6  x 100 M~, ( 2 )

(~M~1 I n  k g )  o v e r  1-1 o r d e rs  of  m a g n i t u d e  v a r i a l  ion  I n  ~1 .

A s s u m i n g  t h a t  t h e  c - j c ’c  t a c’ an be n ep r c - s e ’n  ted as s p h e r i c  a I

( a g od a s s u m p  t i on  as Was sho sv n i n  Re fe  1 K - l i c e ’  4 ) , t l ien

Mm 
= -n aa~~/G and t h e  above  no 1 a t  i on sh i  p w o u l d  i m p l y  t h a t

a a 3’
~~ ( 3 )

w h e r e -  ~N / J a  i s  t h e  e j c - c t a  d i f f e r e n t i a l  n u n ib e ’r  d e n s i t y  as

a f u n c  I u n  o I ’ size. With the- u p p e r  I i m i  t o f  a
11

, E q u a  t I n  I
i s  a s s um e d v a l i d  I’ oi ’ i l l  o r a l - - r i n g  m i - - h a  ‘xs ’ i - p t  Hu es ’ sp i ’ c i f  I —

ca l  lv  I c !e-n t i t i e d  as a l l  t t v  Ia  1 o r  s a n d  w i t  Ii wa t i - n  I ab 10 1 i~ v c ’  1 s

h i o l s i w  t h e  a p p a r e n t  o r a t e - n  d e p t h .  I - or  t h e  L e t  t e n  m d i  a ,

R e f e r e n c e - 2 s ugg e - s t s  a mo re ’ a c c u r a t e ’  l’s ’ I a t i o i i sh i p  o f  t h e

f o r m

= (-I )

Th e ’  m a x i m u m  e j e c t  a (h a rlo t c - i ’  f o r  s u c h  s o i l s  i s  likely to be’

b e - s t  e q u a t e d  w i t h  m a x i m u m  i n — s i t u  d i a m e t e r ( r a t h e r  t h a n  M ) ,

and  t h i s  d i a m e t e r  i s  e ’I - l p l o v e d  a s  t he  uppe r l i m i t  i n  E q u a t i o n  1 ,

The ’  i x h e - r i  m en  I a I Wi I a u p o n  wh i oh  t h e  - e b i e v u ’ two  p i l w e - n

l a w s  a r e -  b a s i - d  g e ’n e r a l l v  f a l l s  i n t o  two e.’ l a s se ’ s . F i r s t  . t h e n -

a i’e p o s t — s h o t  o b s u - i ’ v a  t i on s  m n a d e ’  by d i  n i t  t a t  n e - s a l  e u l

i m p a c t  i n g  s- , j e ’ i ’ t  a o r  by m a k i n g  sc -’ - i in d;i ry es l  i m a t e ’ s  b a s e d

upon s i z e’ o f  e ’ ,je ’C ’ t a i t i l p a c t  ( ‘ r a t i ’ I ’ s or u p o n  acs ’umu l a t  i o n

o f  i i i  oj i  c t  a s t e - b  r i  s . I-’ i gu r e ’  1 is a t y p1 c e  I sumni a  rv  u e  I

(I

_ _ _ _ _ _ _ _  
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I I I  , EJE CTA S I~~I N D  I - O R T i l l - I  ~I I  DDLL GCS’l ’ t x  LN T f l

T h i s -  De n v e r  R e - s e ar c h  I n s t i l  U t  e ( D R I  ) , t in der  i - o n  I r’~~ s ’ t .

t o  f e N ,-\ , h a s  t i i ’ em t a s k ed  W i  t l i  o u t  a u  n lu g  d o cument c i v  e t i c !

t e c h n i c a l  p h ot o g r ap h s ’  o f  a l m o s t  a l l  o f ’  t h e  h i g h  e ’x p l s u s i v s ’

t e s t s  w h i c h  D N A  h a s  su p p o r t  c - c l . O f  speu - i  l I c ’  i f l t i ’ t ’ e ’ s t  :1 1’ s ’

the ’ h i g h e r  t r a i n i n g  r i t e  r e s c i n d s  iv!i i c ’h n a v e  h c ’ e n U t  i i  1/e d

by  PH I i n  o h t  a i  n i n g  f I t ’ i ’b t I I e n d  s i l l S  1 c l o u d  cli  n i e n s  l o n e 1

n ie ’ i s t l l ’ e r m l c - n t s  a n d  s u b s e q u e n t  cii’ i f t  r a t s ’ s , and  i n  t l i s s s i -

i’ i ’ s ’Oi’ d s w h i c h  s v e n s -  s u b t , a i n e ’d se I t h  e ’ x p s u s i t i ’ e  t imc ’s  a n d  s p i t  i a !

r s ‘so 1 U t  i s  u 115 su U UI  c is ’ n t t - ob t a i i i  c l v  n en i i c pa 1’: tmc ’  t c’ l’s f o r

t h ( ’  c r a t e r  c ’ , J s ’ s ’ t l .  Th e ’  h i t  l u - i ’  i’ i - c ’ u s r u h s  w i - r s ’ e x p o s e d t o

p e ’ nt fl i t cl i r n e ns i o n a l  i n e ’ a s s l n u - m s ’ n t  s is i t h  e n o u g h  a c c u r a c y

t e u  e l  1 W  t h i -  e st  ima t t u s i l  o f  0 , 1 1 5 1 1 v e l s u c i t y  , e , l c ’ s ’ t i c i f l

a n d  i m p a c t  i t e G i c ’ s . e n d  01  d r a g  ( ‘ ( j u l U i c ’ i e ’t l t . (.‘~ u 1 t l c ’ i —

de ’i i t a  I I v  , t h e ’a s -  ia’s ’e ’u r d s  pl ’O\’ I s l e  l a i r  l y ivi ch - t i c - i  ci ‘‘ s n a p —

s ho t s ’’ o f  t i ’  a i  r u m -  e ’ , j o u ’ t  1 0 l o u d  w h i c h  c a l l  b -  u se d

t o  q u i n t  1 , - c ’  i n — f l  i g l i t  s i n ’  c l i s t r i b u t  i on s  ( s s - e ’  R e f c ’ r e - i i c - c-

I o n  e ch i t a i  l i - - I  s i ’ ’ 5 5 - I ’ j p 1 1 0 1 1  o f  t h e ’  p h o t o g r a p h v  - a n d

o I t h e ’  i n c  1 vs  i s  I ‘ c l i i i  i q l i s ’s  u ’b f l } )  I o o d  by PH I

Ol u t t i n  i m g ,  s t  e l  1 st  i s - a l  ly  i l I s ’ k i l  e n g f u  I d e l  a I r u i n ,  I lose-

r e ’ s - s i t a l s is  S i t t } i l s ’ e ’ n o u gh i n  c o n c e p t  , D e i t  cl i  I f i c u l t  i n

p r e  c i  I ~‘ e - - -\ d i  t’ c ’c  t I t’oii 1: 5  1 tss:s ii i t  vs u i  ci i m p l y  I he

c i t  i 1 1 , ‘ :t t i o n  0 I ’ i ma gru i fv  i n  g 1 ens  on t h e  or I i n c  I 1 r : : a  g e ’  i ’v

n d / o r  c ’on l  r u !  i ’ d  e - r i l a  h’ gi ’ n h u - f l t s  o f  s e ’ 1 e ’~~t e d  f r a m e s  I

m a k e  n e h i e l e I eTh si ’i ’s: e t ions of t hiu ’ e t e ’ c t i  s i/ es  - T h i s  i s

o b v i o u s l y  a ( e - d ! i c u u s  a n d  e ’ r e ’ - u r — p i ’ o n e  W a y  t s s  p i ’ s u s ’ i ’s’ s l , a n d

I I w a s  d o t  i - m u  n e - c l  1 h i t  . e n I f l O e / c ’ a n i  I y s is  sy st  i’m ( s p e c ’  i I 1 c i  I l v

10
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t h e  I M A N C O  Q u a t i t i t n e t  ) s o n  I d  p e ’ i ’ fo r r u u t h e  ne ’c - e s s : c l ’V  s i z i ng

a n d  a n a ly s i s  t a s k  ~ sc’e’ R e - f  e’ r e n c ’ e ’ 7 )  w i t h  a m i n I m u m  o f

Ohse i’ve ’ t’ d i  scuni  f o r t  and  w i t h  i n c r e a s e - c l  a c ’ s ’ i t  r: e c ’ a n d  t h  t . s i u g h i —

p u t  . An I t i a l  a n a ly s i s  s t a  i ’ ted i i i  t h  t iVu > of  l i i i -  I a  i ’gc ’r

s b l u u t s  ( 2 0  ant i  100 t i m ) s u f  t h e ’  M I i ) D L I -  GU ST h i g h  c ’x p l o s i i e -

es t  se r i e s  ( s e - c ’  R i ’ t i ’ i ’ c ’ n s ’e ’s  -l a n d  ~
) a n d  t h e  woi ’k t’e - h i o r t e c l

lie me s u i t e  t I nut’s sr i th  e j e c t  a s i z i  ng for o th u-t ’ , l o w e r y i e ’  I d

- vents o U I h a t  same so F it’s

Th e ’  s ’s- i - n t s  :t n :1 1 y ‘ u i i  i n  h e  - I e ’ i ’ i n e c - s  -I a nd  S sec - i’ ’

M I D D L E  (iC S i’ I , a 2~ t o n  h a l  1— b u r i e d  sp h c - ’ n u ’  u t  ‘l ’\ ’i , i n c h

MIDDLE GU ST I I I , a 100 t o n  l a n g e : 1— a b o v e -  s p h er e -  u c f  ‘I ’\T .

~ i ia  i i  t a t  ly e  I y ,  t hose  t SC o sh o t  s v i e ’  I d c - c l  i i i —  I I I gh t. s i ,‘ i n g

d a t  a - shown  in Fl g u n - , ish l o b  is u s  s hal  I a r , Tb - , e — ,l a

powe r l a w  c u r v e -  s u t s e r i i n i s o s i - d i  oil  t h e s e ’  m i ’  : i s c e i ’ i ’ d  o t t i ’ i c -s

nu i g ht  , a t  f i r s t  g l a n c e ’ , i n t i l y  t h a t  I i i - i~~’—~ i’ u I  s uc h :1

pew s ’  i’ I usc i n t h - i- ’ ,j c - cl  a s si - 1 s ci ii - i- : I I e c u  i i i  1 c - - ‘l’ u -

t ’ c ’ s u c l v i ’  t h i s , t h e  e , j e ’ c ’ t a  rn ’id c ’l was  u - x e - r d - i / i - c l  h u m  t i ) ’ l e s t

t o i l  c - y e - n t  a n d  t h e ’  a t  I ’h u i ’ i i e ’  ( ‘ I O t a  f l u - l i  a t  , e  — o ’ c c e i l d O  u c a s

m a p p e d  i n  c i t - t a i l  . T h a t ,  p o r t  l i i i  o f  t h e ’  e - , j c ’ c t  a t i e - i  cI sth h - l i

c ’ c u i  n e i c ! c ’ d !  Sr i  t h  t h e  f i e ’ l  d— o  I — \ j u ’ s v  o I D I I I  s ni- oo rd i r ig c a m e r a s

is as  i so l a t e ’ !  a n d  n t im e ’  r i s  - c I I v s i l ’ n m : ; i  - d t o c t’ -a t 0 s j zi ’

d i  st t’ i h u t  i on c u r v e  - se-li i c i t  sv:e s cli t ’ c t 1 v c u n i i u : e  n ab  l e  t o  I he

mc ’asur o c !  da t  a . ‘l ’h i ’ se - m u  -su 1 1 s a r  - s D  u ,e m~ i n  i - i  c a I r o  I

wh c’ me i t  t ail b e ’  si -en  t h :u  t I h o t ’  I s in -a 5 11 , t i  I i ’  ig i n - c  ‘mont

b e t w e e n  t h e  p r e d i c t  i o n  m d  h i -  e ’ xp i ’r ’ i n i e ’n t  i l  o h e s e - i ’ s’ : e t  i o n s .

I t  sh o u  I d h i ’  n o t  e’d t h a t  a t  l e a s t  s e - m a e - o I t h e  - I I a t  t i - n i  m e g

o f  t h e  e -xp c ’  r i n ic - t ~ t a !  c u r v e ’  - h u m  sma I I c - i ’  c - j c ’ c  t a . i s d i i i  - t u e

r e - s o l u t i o n  pro b l e ’n : s  a s s ocj : u l e’ si s r i  l b  t h e  t ’ e - ’ u r t h  iig sy s t e ’m s

( L i  I m a n d  c am e - r u  ) a n d  sr i  l b  I l i e -  image  an a  lv s i  s a s  t i m  (s e e -’

R e ’ f e  - re-tic - c’ I

W I t h  s i f l - h  g e n e r a l v a l I d a t i o n s  u i f  t t i c ’  p u use’ u ’ t ’  l a w

s i 7c-  cli s t r i h u t  jon in t h u  c - j e s t  a rh iOds ’ 1 , i t  w :e s  t h i o t i g h

:e~i p r o p r i a t - t o  e x t e n d  s u s h i e x p e r i m e n t : t l  u u ! e s c ’ i ’ ’ , i t  i u t t s t u e

() t h c r g e ’ u i l u u g i e ’ . s.  l ’h c ’  s ’a  1 ib r a t  i o n  s I i s u t ~ For  t h e ’  M I D D I , l -

1 1
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G [S’I ’ 5(’t ’It’5 w e ’r e ’  1000 p o u n d  TN T d e ’t o n a t  t o n s  svh I c -h  w e - r e ’

s e ’ t  o f f  o ve r  v a r y i n g  s u b — s u r f a c e ’  ge ’o l u g i e ’ s .  ‘l ’h i ’ c u v e - m a l 1

gc - c u l c c g v  was  t h a t  f o r  s - v e n t s  I a n d  I I I  c ’ x c ’ e ’ p t  t h : e t  p r o — s h o t

exe ’ a v m i t l n g  p e t ’ it t i t t e d  d e t o n a t i o n s  ove r c h a n g e n g  s u b — s u r f a c e ’

m e d i a  u s i s  shoe,vn i n  F i g u r e -  5,  The ’  h ) u r  s h o t s  i i lu s t ri t e’c !

i n  t h i s  f i g u r e -  w e ’ r e -  s c ’ l e ’ c ’ t e ’ c !  t o n  a n t  !v s i s  bi ’ o i u s c -  t i n - v  h a d

ntode t’ :l I s ’  l v  gs cod p ho to g i ’ :I ph i s ’ t ’ e ‘ u - c u  rds a n d  beca use t ile ’ c e l l  I i’

cl i  F I e ’r e ’n c i ’  h i ’ tw i ’ e n  t h e ’  s h o ts  was s u b — s u m L i c e - g e - e u l o g y , i . e ’ .

a l  I f o u r  s h o t s  we ’re 1000 p o u n d  h e  I f — b u r i e s !  spi’i c ’ i ’ es c u f  c - m i t t  c i ’ —

m i t  i a t e d  TN ’t ’ .

As f o r  s h o t s  I a n d  1 1 1 , t h e ’ c a l i b r a t i o n  s h o ts  s e e-re’

r e c o r d e d  w i  t h  D I I I  ‘ s 7 b m n u  l i i i ! s h i e r C a m e r a s  sr i l b  sI  i g h t

c ’l i a n g c - s  i n  m a n g e —  t s i — d o t  o n i t  i on  a n d  In t l i e ’ I u u c ’ a  I l e - t i g I i i

o f  t h e ’  I e ’ n s u - s  eise ’ci . The pi ’r t  I non  I i’ e ’co r c h i  ng p a t - c h i t  i t ’s

a re  su r n m a r i  ‘c ci h i ’  I uss r  - h u t  i l  I : eh i p i ’ o p i ’ i t i e ’  ge’ oi tee t rh

c ’ e c m n e ’ c ’ t  i o n s h i v e -  h i - c - n  m c ’  luck-c! in I f e e -  t’ e ’ s u l  h-s l u r e - a c - n t  c - c l .

I ’ : e b l c -  1

Pc’  r t i n c - n i t H oc’  rd i n g Pa r .metihc - Ic’ I’s f o r
M I P1 ) 1, 1-I G t S i ’  (‘ a t  i H ma l i o n  F y i - n t  s

R i - t i  I C a mer a  R m r t g e ’ Lens  l- ’oc:e I ( ‘ b a r g e ’  h u e s  I t  i o n
I’ t ) I , c  ‘ t e g  t h (mm ) I t’ u u r n  0 i’ I g i n  i I

Gi ’ c u u n c i  1 , - i c - I

- 1 - 1 7  1 DO 1)

Ii 70 150 -I

S 7 5 1  l s O  ii

P 757 l . ) ( )  I D

1” om i l l  I u u t U ’  s h i e t s , t h e ’  a i r b o r n e  e t c - e t a  f ’ h - I c I  s v : e s  q u t a n t  i n - c l

mi 1 2 , - I  I n s !  5(’~ ’ u  en cl s  :e I t i ’r ’ d ot  u ir e  I l i e n  . On t lie ’ :I:i i ’v e - l i t

t lie - r n - c o r d  t r i g c a m e -  m i s  we ic’ c o n s  i do m aD I y o I o s i ’ r ’  t o I I i i ’

1 - 1
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si c ’ I ona t ion I h a n  t i m  1’ 1 l i e ’  c i t  t i e r’ s h i m  c i  s i  r id  t Ii e tn ’ l’ c u t ’ c - Dv 6

se ’s - c u l l  cl: ; :e f t e l ’  ck’ t onmi t t oil  m:s:  i t ’ ii cc  I I hi  - i ,j  - c t i  t i e ’ 1 , h  has

e ’x c ’ c ’ c ’ds ’c! til e ’ l a - c o r d i n g  e ’ c r i s c ’ i n c s I i c ’ I d — c e t — \  1.-se irs - I ni ce c h a t  a

\C s ’l’ t ’ u c - u h u i  mu - c l . I- ’u l  I [‘ i c - i d  r i l e - c a n  r e - I :’ - i ll s sc u m s - m c d i ’ , c - i  t u e - n
la s t s i t ’ Wi - a t of I he sli t s i naI l u s n - i t i e l s e - y e  t ’ a l  — \ n r : u i  I my  i ’ h i c ’ e ’k~

S C ’  l’ u - I l l i d h u  - a t l i Ve )  s c ’ c ’ c ih l c ! s a f t  c r  cli - I c  i i i  1 1 cc i i  . I i  i i ’  a I I c u I t h e e - a u ’

s h o t  s - t h e ’  e - j  eu  I a  I ’ I c  - I ci li mid lie ) I i - \c ’ c - c - - I’ ‘ ‘I i’ e ’ Oe  e mci in - - h u e  e h i n s l - ~

sc~ t h a t  m e ’ a - u u u ’ u - r h l i ’ n t  s ge’ni’ra I l v  i i~ I l i s l e - c!  c i  I m i d - o l e , c u e  - - 1 1 -

s1 dI m ’ , up t i c I lie e e !gc ’ of  t h e  - I I i’ e - h m u  1 1 / c l t r s t  c I u - u I -

I ’ i s ’: si l u  -
~~

-. c t Ii me i i i  ~
- Ii : e l u  - I y p i c e  1 i i  I I Di  ‘ e t i

5 5 1 1 1 5 - t i  w i - r e ’  i c ’ - !U i  I” S i n  t h u - s i ’  s l / u n g r: u ’ t s I i l ’ u - m - : u ’ i s t s .  For

C I at’ i i y - I b i s -  c l i  t a I i  5 i n  r s h i  vu ’ lee ‘e n  0 1 1 n i l  n e  t i - c l  . in ci c u l t  I ~

t h e ’  ‘‘ c- y e - D e l  i ’ f i t s  m e t e -  sh - r r s  t e e  I n d i c a t e ’  g e ’ t i u - r s l  I r e  101 - -- .

hi t a I m i T ’  t h i - s e ’ Plots a Oi ’ t t h u  I a 1 e l  i n  
~I ‘ l u c ’ t l d  I N \ - ) A

ri ’v h t- w c c l  t h i - se f ’i g i u r i ’ s w i l l  ~hiuw t ! : , t  s h t s ’ t ~~ : h u  , c t  : u t h u h  P

h a v e -  Vi ~y s i m i  l e t ’  s I , ‘ i - cii s I m l  h e u r  i e c u  i ’l i r v i ‘s . I h i  I I l i e  I n t t

is ’ t : s I I c - I s !  ~l i m m ,  i n  i she’s in t i me , c i i i t i i i  t I h e  I c  1’ : ’ ’ - I’ c j c ’ - - t i

t e n d  t o  c i r u l i  W I  1) 1” ’ I - - r e - n t  i a l  l y -  - \ l s c , I I  ,‘ u t u I !  c h i l i

t h a t  s h e i t  P u u v e ’ r  a s h i a l i ’ e - u u l u i g v , t i - m u d s - c l  t o  t 1 1 ’ s u d d l c u  s u n - - s i  I i —
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p 1 s ine  ( I i l iii ) m i n d  I l ie’  1 s i r I s ’— o  f — v i  c - ic -  ( res t e ’ I h a t  wi h i t s  e ’  h e ’r c ’

co r r e c t ed t h e  Ic’ ft — t su-- r’ight an d  t e i p — t s m — b o t  t s u m s  I n s ’ i - t ’ s i o n

c’ rest  t i - U  in  t h e : ’ I nu ag e ’  p1  m i n e )  , Tile I ns s ig i ’ ( V i  I r a ) u l me us ’ is

i’ e ’ m t d i  l v  u n c l s - r ’ s t o o c i  , hu t we nosy de l  I ns ’ t lie p 1  m i l l s - — u s  f — v l e ; v

i ts  t h i s c t p i m i n e ’  l i e ’ r p c ’ I i d i s ’ i c l s t l ’  I c )  t i l e ’  c ’ 55 su ’ I ’ , 5  ‘ 5 c c p t  i c  m i N i s

51115 p s e sa l u g  t h r o u g h  t h e ’  d e ’ t  ons e t i m i i i  ~ ‘l i l t ( 55”.) . ‘l’h i s  i s

l iii’ s i r b s p l c ’ s t  p i m i l l i ’  I s ’  l f l s e l d e ’  i i i i ’ m i s - S I s I ’ c - t m i ’ l l I 5 i l l , mind l iii’ 5 i u i - S t 5 t h i c ’ c ’

I t ’  1 m m c ’ ; s m l s e  - I’ sc  t s c  p1  sine ,’ , mu h u n  g I lie i p t  l u  s s x  t s - I a c - m t  I I c - c l  t h e ’

R a n g e ’  on Op t i c  Ax i -s ( ROA )

Ill g c - n s ’ x ’ m c l , t h e ’  c i i , s t : s n - c ’ I I ’ - - : :  c - mc I’s m m e  t e e  St ( t h e

m m ci i ge , H ) i s  k n o w n  , sea is t his ’ C m i l l I e ’  i ’ m t  a l r : l t l ~ , in t i t ’ : ,  s c i  V

t ’ l c ’ s m e t  i o n  and  ;c~’ i t h i t i t h mi 1 ; u n g I e - ~ 1 1 , 1  r e I c h  it~” )  id t h  i’ e ’ H I s i ’ u ’ t

to 5-7 II and ROA a me i he’n 1’ - 1 m e l  e d  cc I I  ii I l i e -  S i  t : n - u  Ii ’

c ’ x p r ’ e ‘as l u l l

H ROA ( 1  + t a n  L i  -+ 1 m m ’ A z ) ’  ( 1 0 )

A Iso , measu  renue ’n t s on I l i e  - V i  I n n  (5) m ere’ di r e - c’ t 1 v relat e ’dI

t o  dl  ,s~~s t n e ’ c ’ s  i n  t h e  I L a n o  0 I ~~ i oic ( r) ) b

D rnd , ( 1 1 )
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w h s ’t ’ c ’ rig t h e e -  I l h s e g f l i  f i n - s i t l i e n  V s i c ’ t ~~~i’ , i s  Ut- l ined Dv

‘,, 
in = 1-thA ; V , ( 1 2 )

m c m i  a V i s  l i i i - k i n - s i  1 l i - a g  I li 0 I t h i s ’  em util e’ i’ mc I e ’n s - N u i t  c - ~t l so

t h u s s t  A , -: sen d L I  n i s u y  l i e ’  l’ c ’ s e d i  ft ( i h t ; e l f l c ’ d  1 0 m m V i  1 1T h l s s e - ; c s t i n i - l ’ , ’ b i t s

c u t  1 D m -  x and \‘ d i s p l s s c ’ c ’ ’ ’ s e ’ t l t s c u t ’  GZ t t ’ u u : - , m t h e ’  s up i Ic ’ ; e \ i S  sc m - s

sin 1- _ i = ‘
~
- (  ( i Z ) /  I ( 1: 1 )

sin ci

1 m m  A~ = x ( 5 ’/ ) / F .  ( 1 1 )

RO~\ is t Is en c -m s I t ’  u l  mc t m  ‘ ci sr i  t hi I c~ : s m s  1 5 OIl I I ’

I t  i s  I i : ’ \ i  u i m u t c ’ s I  t h m c t  i ’ t e ’ e ’ t s t  t m s u ’ m t s t i i ’ e ’ t , m i ’ I l t S  i n  t I l e -

V i  l n u  h e l m c t s c ’ , 5 ( i ) s e n d ( c ’ ) ,  c s t l l  i s o  p r u ,j i ’ c t i ’ d i  o r c l c u  t h e ’

~ I st i l e - — c u  I — ‘ c  s - sc  s u c h  t list I m uz I tan t h s c  I m s  m i d  m l  e V m t  t j  ( i n  m c t i g i c ’ s

fli s , u ’ c’  be s i se ’I ’  i h c ’si t e l  C h i t ’  m ’ I m ’ ’ l mi i s I b  b ’ i ’ s t i i ’ u t I - s  t h e ’  c i p t i c

m e S i s  s tu d I lit ’  , I I l ’ i - c ’ I  l O f l  \‘ m ’ t ’ t d u i ’  t o  I ’ . ,  T h e ’  l m u I I I ’  15

c ‘ssc n t I m e I I v h i s  u i i  , ‘. s nI m c I mcii -i see’ mu ~ e - I i t  i s  s i c ’ I ,c cd t h e ’

- i i  S i ’ d  m c, ’. i mu I D  m e n u d  e ’  I e ‘v sc  t i c’ t i s e t i g  I n - 5  t e l  d i ’  I i  - I ’m:: i r im - t ’j i  -c t a

i s i s - m i t  l i e n  h i  I Ic’ t ma l e ’s ’ I ors’ p Ise a ’  -

L i - I i  - l ’ t ’  1 1 5 ;  t u e  1’ t g u i  r’ - - I i  - I lie i t ’ll 1 u - r ‘‘
+

‘ ‘  is I i i c - m i f l t

- I m c c l ”  - Se ll I I i i ’  d s p  I I i  - ml N S s m m I I l i e  - l ’ s ‘ c i i  m c i l u g  s v st e ‘is - ‘Pu s’

0 1 e - v m e  t j m i ~~ s e n d  :i~ . t e s t  Ii m i l l  - it’s s u  I I m S  ‘cvi t hi l’ e ’ Sp e ’ e ’ I II ) 1 Ii i ’ - p t  1 c ’

.s is  m i m i ’  d c - I I l i e  -S by

I (57 ) = I ;cu (15)

me lie I

\ ,‘( G Z )  = I m i n  - ( 1 5 )

S l m i  I mc I’ l v , l i i i ’  1 , 1  e n d  A ’  m I I lie c ’ j e s t  mi id ’ i I h  re -S p i e l  t e l

c m ’  c m i i  I C u ’  5 5 1 -5 me m e ’  ( he ’ I i u  t u - I 1) V

:i

_ - :
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~~~~~~ 

~~~—~~~ - - —~~~~~ - —- - --- -~~----—~~~- - 



- ‘ ‘F” — ~~~~~ —-— — “
~~~~~~~~~~ c- ~~ ‘ r —~~~~~ ‘ —  _____________________________________

1 - 1 ( e ) = i s c I i ~~~ 
\ ‘ ( e ’ )  ( 1 7 )

s tu d

= ~ 5~~~~
1 5 ( e )  ( 1~~)

I l l s  - c l i  ‘~~~ l i  -ti sing l e a  ml st tid mc l’t - I lie n sitnp l v g i ‘c ’ s - u  by

= L I  ( e - )  — 1- . 1 (t;7) (11) )

S t u d

= A i ( e ’ )  - .- \ / ( t / ,) ,  ( 2 0 )

‘I’D i — s  I s i I s s~ I ni t t m ’ c i  i n  I i  cu l ’ s ’ I ,~~ s e h i e -  I’ d ’  t l i e ’  i a i  n n t i t _ l i

m e n d  ( I e ’ \ s e l  i o n i  m e h i g l e ’a h s e v e -  h i - I ’ l l  l m e i e e ’ l e e l  ;s i n c h  -i  
- u’ e ’s I l e ’ c ’ t  l v e ’ l v

m e n , !  t h i ’  i ‘ j O c ’ 1 m l p 1  m e n u  - l i s t s  l i e - i - r i  I’ m it m c l i  -dl 1ev men sing! e sri Ui

r ’aj i e c t  t e i  me vt- ri ic ’ m il p i s t h i s ’  p e ’ r l c c - r t d i i c ’ u i l : e n ’  I i i  t h e  1 I l i e ’

Dc - I we ‘ i - I l  c - s m u t ’ r at i n t l  ft ’, .  ‘I De  i i i  I c  - ~ I I i-a ’ I I I s n i c e  I m m  I

E i t t e l ’ e’sI , i e ut i t s  k n u s i c  I e ’d~ ’ e ’  i s  uit’ c’ e - ss s c t ’ v I s ,  c ’ e u t ’ I’ ee ’ t  I v

t ’ s i l c e e l a t ’ t i l e ’  5 5 ’  p o s i t  i o U  e e l  e ’ , t c ’ e ’ t si I l l  t h is ’  l T ’m i , I c ’ c ’ t o r v

p h a  n ie

IV i I h t i l e  - s u e  cI c c  I I ems t i  - I ~ , I b i t ’  I ’ m m l  I s  usc i ng  me ’  I me I I i m i i , -mb i I ps

5t I’ d - i’ m -ad  I I v tie-n i v u - e l  l e e  t ie  - I t  - rn c u e  t - , t , - - 
- I : i  I i - ~ I I Ic i ti i i i  I l i t ’

I I’ s e j c ’ e ’ t c c r ’ v  p 1 5 1 1 1 ’ -  m is  m c  h i l l e l l I e n  m i t  H , n- , - cult!

= ~~~~~~~~~~~~~~ 

- 

( 2 1 )
(‘ m c s (  7 ‘F )

R i a n  ~e i m -~ - ‘ , ( 2 2 )
- ( ‘ ( I s  ( , ‘ ~ - -

( ‘ u n u ’  u’ - i i  I \ n s e  I v s  1 .s ‘ i i  - - - h in i ( u s ’

I ) u - t m e i Is e e l  I h u e ’ s i n m i l y s i s  m-~i ’ h i c ’ t i c ’  e’en t~l’ u’nu i l v  us —i t ’ d I c e

et c - I ’  t v e ’  dv t i m i t i e i e ’ pa l’m dI u I c ’ t  e m s  I i’ s I ’S c l i  g i  I i ’ m -d m im I -g e - i ’  V m e l - c ’

b u n S it s R i - I c ’  l ’ m ’ f l O c  di . ‘Hi i s s i h e p u ’ s c s c e ’h mmi v h i ’ s mi t : sm s m i u i  , - s e ’ c I

i i i  t h e ’  F e e  I I ’  55 I t i . - H e e l  1’ 1 e  ‘l as
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1. .\ s s u i : m m ’ an  m e / , i m u t s b s t I e j e c t  I o n  m i n g l e ’  ( 7 )  f e e t ’
t h i s ’  t l’sS ,J t ’ c ’ 1 cO’V t u s  I m c - m u n mi 1 y .-‘,c - d

2 , N i ’ m u m  t r m t , j e ’c t e ) i ’ v  l o c k , d i s c ’  Eciuat i c u n  VI t o

~‘~- ‘ c  i rna  I t -  i’ 1 s t - I’ 1 t t I r ig I l i e ’  t. I ’s c ,i c ’c t  or y  po in I

iv I I h i m c s c ’ e ’ s  u f l  cl e u mc i ,  - 1 ’ p01 \ l b s  ‘ I s  h i l m i  I

• U se  t h i  s-s /- s e uS  K h u e  c - N b  i s  m i s t  I i ’  I I I ’ -- m l  Use  l ; s

‘ 1  lb 1 5 I u s a  5 i’d m l ’  i g u u

I I I ’ u ’ s u l t s e i l t  t t ’ mu , j s ’ - t i s i ’ v  s u t ’ i g i u m i I c - s  s e t  
~~~~~

‘ - ‘—

Sc - I e I ’m : :  i ned I s i s ’ me I i i  in ( 5 -  - g . , i i  n m s I c i ’ s i  t c ’ m m ’ m is h i ‘is

as Some’ c ’ ~i’ mc’ c’ t V I t i n  ,~ s u n  c I K h m I V i ’ l i e ”  ‘n V u i s u  nd  - 1 1

r i o t  , m i e i ,j l e s t  vms I S u e ’  Vo I’ m t n t i  I u  -pe st I 5 l i ) ( l \ ’ c - 5 tops

h h i i s — ; -,c pp i’ c i m sc ’h h a s  se ’\’ u ’ l ’ r s  I s h i m m t ’ I c’ s s r: , i ligs i c h i c ’h b e e ’ s - m i m e  e i h u ’ , I r m a

lu  i’ i  ng  sin c a l ’  1 y r e v  o w  u S  I he ’  P l’ s m i s  I s - h u m , Iii c ’ vIe m l  v se  t l iii o V

K i s  e i m s a s ’ si  l i v  s i l l m l — p n l m i ’ i sc’ , ’ u ’ n c t  t e l ’ S i i  r ~i s u I v s u s s n : k n m i 1 l i t  -

a n d  t h e  vm s  1 t i c ’  s I ‘V i  Vt  - S n - se ll bc c i i  - b ’ ’ ~ s i  - m t  m e n  I h i  - sc ’ 1 c- c’ I ed

sp , e ’ i u i g  l s i ’ l s d i ’ i ’fl  U m i l m e  I c s s i l m t s , ‘-~ s ’ - -- t ~ O I  t h i s ’ m s c - c ; u u i t ” - c i  d i g i t m u l

t im e t a I s—c t i c  - vi  - r I’c ’ mc 1 I \ 5 a u -  s I  i l l  su e s i p  I I l : m m s : u :  l a sh  i d u n  m i n i s 1

I ( m u - i  ng b i l e ’  I i’ s m , h c ’e l o  u ’y I ’  ‘ Se mi I’ d Si P i’ - s m  1 1 1 c m ’ 1 s c ’S u m l  g i n  m e I S u m

S m ’n - I l s S  V s e u l  tv , I t  se m is - s  I - - i t  t h i s c t  t h is ’  m i b i , ’ v u ’ a p pr o m i c ’li c ’ c i U I s i

i i i ’  i I : u l s r - s \  ‘ s h  U b i s e l i  , , i l i m i  b b~ m c t  s u ’ i ’ l l m s s s s  s c c ’ c ’ U t ’ m t l t ’  I 1- se j u ’ s ’ t ( i l ’ \

cia I mc e,’ u s U  I d  1) 1’ c v i  , j i  \ mc I c L u h i  - I l l s  e gl u 1 5 t o  c t ’ m c  t i - r i  n a  n m u ’c’ h s i t i  I sb m , a

sell ci I l i e ’  I’ m ’  Ion ’ - - I h e m c e e u na t cv Seth ii v m u  I j u l  1 1 v c c  I c -
~~~ I s I I l i ~

c - r a t e - r I n g  as - - S i - Is.

An I mu D s I’ - - \  5 - ci j i u s  u k ’ ,l t I- . J i ’~ I m u  I Sr i i i  m m ,  l u - s

I I ~~, I ilsg I he ’ c I -  - I h e ’  i i  - I s  c j i ’S of t i s - mci e m - S m ’  m c  PI~ 
I ’ - m a  t ’h i  -

S A l  sm ug- h I  t u i  oh i t m c t n  c l m i l m c  m c I  i ’ n i - m o v e ’d m I c : s ’tl I’s i c ’v m c t l s l  \‘sU l I l l y

h e y  it I I I mo rig me c l i  i’ c ’ c ’ t  m I l s l u l ’ m e s t c hi  ( e m  l i t  c l i  m i s - q u i t ’ s - S  I l’ s t j u ’ s ’ I O i ’ V

time ( m e  i n  m i I i ’  s c m - s t s qu  mc m u - - ‘ h i m - s  I - ‘f tc  - a P ms i mm s - 
i i  c ’ me 11 i c c ’

s l i b l m l s u m u i ’ l / e - si m s : i  s m i  i s u i d ’ a

~, l m c k e ’  I f l t  I l s c  I u - s t  I r i t a  I i ’s c c  I (ho ’ s l \ ’  n sml t i i c ’ ~ m r51 5 :50  l i i ’ s

I ( l i l t ’ I i tS  i r ig ) , m ill ti c ’ ; e l ( ’ t i  I m e  t (‘ i i i  e ’ , h e ’c ’l me
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1 I’s i e  ‘ t’  i s ’  I ’v ( h i  ro u gh t he cc) up  l e d  ‘q u m e  t I u h i s

o I  I l b e u t  l O l l . ( ‘ m ) l m I h e m c I ’ e ’  c - m i l c ’ u l a t d ’d min d m ’ x p c ’ l ’ i —

m m u e - n l m i l tl ’ SL ,js ’t’ I m u i ’ \ ’  p o i n t s  and  I m s i n i l m i h a m i ’ , i n  m l

l i - s c s i  s q m _ u s t i’ c ’s S i ’ h l s e ’ - I l i e ’ d i i  I I e ’ r u t i c ’ c ’ bt’ t~ c i ’i ’fl

t he (We e s i ts  C ) V I Ii I c e  i - a i m s  t i s u n  h \ - -, e d ,j US I I h g  ( b u m ’

v mt I in ’s o I ( l i e  - c l v  n i s t r i b  I c ’ I ’ m u  1 m m  in c t i - I ’ s  U a e  si I fl

c ’Si l s ’ m ,t I c  I i rig l i i i ’  I I ’ aj c ’ d ’ t m u  mr

h i  e ’ s m h i c ’ t ’ pt  the:’ m c i ) s i v c ’  ; i pp l ’ s - i s ’h i s  s i t i u p l m ’ , I n  p m s i c ’ t  I c e ’ ,

b e c m i s s sc’ o l  t h e  v ’ s m U ~~ i e ’t l  d i  I I c ’ t ’ s - n t  l m t l  s ’ m I U s t t L m b f l S  i s l  l i h e i ( t u i l l

( 1 , 5 1 5 5 : 1  L i o n s  a ~ c b s u b u s i  t c c ’ e ’ m c , s , s e ’  s i t  I l I e ’ I t i  7 1 - 1 1 5 , - t i ’ l m ’ u ’ s ’ s b ’ ,h I U t i l e ’

I i- m os s  V c e l ’ I l m : u  ( h o n  ( h - . q u m s  1 1 mill s 21 ‘ ‘2 2 )  - i I i s  ‘ c c f l s s i ’  - i n c h  I v  l f l e i I ’ e ’

vii  I I ’ j  s i t  i t  • j i m ’ \ ‘ c ’  i s  u p l f l i  f lt  d l  F mi s ic ( t i  I 1 t ’ sI c ’ohil p tl I i  - 1’ m c i l m i  1 r’s is

I s  - c -l i  fl I U t ’  I s  m ~s i  ‘ I ’  t e e  I ’L I h im  - ci- ‘a Vi ci c ’s~ I c i i  I s e t  i s  e f l s  ‘,c u u~~ I d  h i se  v c -

b c ’ i  - fl I ‘N I I ’  ‘ l m i u  - I y c ’ s u~ t 1 y m i l l s I I I ‘i i  - — S - s m I l  5 11 1 : 1  Ii 7 , m i l l  t i t h e  - I ’ m - 1 m m  m u ’

I s i - \ ’ ( ’ l i U  t i e -  s--s u ’d m l i s -  s i t  t h e ’  g i - m : m s s n s t r s u t i s a t u  s c e u g h t  - ‘h ’h i s r ’ u ’ m S g i I

5c ’ o p l ! l ’7’ o l s m ’I’ m t t  l o t ’, i, d m S  - - e l i  1’ ’  I i l s i d l c ’ p s i s m — s I b h i . ’ h i s  U t  i 1i ~~~i uig 51

p h ’ s up  l ’ l c ’ b  m m my v’ u - m i  - t i l e - i ’  1 m i u g l i m i  go c m i  1 l o c h  I 1HSH- . - i d e  i c h  i s m i

hi m i s c ’  I’ c c  l’ s l i  - 1 ’  1 i l )  7 S u m s  ~,i - c a l l u s  D i e  - i i  I ’ 
~~~~ ‘ r I i  m m m i  r ig  s i t  I’ - - - ‘I

c m i I e l I  I s i s  n - m u  i c ’ u i  s i t  t o i l s ( e ’ ,g , - c l - l i  vme t i S c  ‘a a I ’ m - 051)1 it ’ it 1 
~

v- si I n - u i  1 s t  t i - S  sin S c m i  I ’m I i ’ s 1  t’ si I i c e ’  I ’ t h a n  I b i t ’  c i i  g i~ (mc I m i ! u p l ’ mx in ia t ions

i c h i l c ’h mm l ’ s -  s u e  V m c t l u i l i a r  l u c  m m - s t  l ’OI3 T R .-\N t i S m ’r S ) ,  [s i n g  PLOSE ,

\ S i ’ W ( ’I ’ i -  si b m i c ’  t s i  ( ‘ ,‘-S: c l l s i l t c ’ I l l ’ u - a t  i f l b s e t i u ’ l b  m l  m ’ , ] e ’ n - b m u  d v r i a r i s i c s

I I ’ s d i u l  l i i i ’  s l i g i t i - n m i  I I’ r c , ] t ’ m ’ t ’ e i ’ V  v l s u t s t , su ns !  ( c m  m ak e Scl f l lC’

m u Ds -  - I’v s e  I I - ‘ I S a  s u l i  I h I m ’ vm u I j i l l  I ‘, c i  V t h i m ’ ( 1st  1 mc ~‘liI ’ m~ - Il l I ~“

- I ll - r mm I i  - S
As m o n t  S i t 5 u ’ i I  : e l s u u v m ’  , t h i e  e m i t  ‘m i e n  I o n  h o s t  i ’ , t  i m s e l e -
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I -  r s e p s u  r l  s u n  i i  F Ru m c cc’n mc i i i !  ( m i  I s a ’  I a t c d

l i v  r i m  c m  i - Psi v m s  sot ’ t vt ’s a t 3 5 0 ’ 5f l  u s-i

(‘m i s ’ - I ( I n j s u i t  ) I t - r a t  ion  1,s~ I H - F , s t I l l  20

F’ ~c , 57 dO N 1 ) 1 1 .00 x
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~~(dc’gi ’ c--c ’ s)  15 ls . 7  1 - 1 , 3

i’he ( ‘m l I d I l l a s ’ ’d p a r - mis - i to t’ s— v i  T a t s i c ’  154 ‘,Vu-l l’ c - us i ’d m c s

i n  i i i a I s ’ u ’ t ]  sO I i s  ill S ~t i I h i  — - I I I ‘ l i i  I i m i  1 u - e ] U m i  t ion s - -c o I 5m , u I I - - I i
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Vi e ’ se’c’ h oc - c’ t h a t  p r o p a i l . d  t i a ’0 t h u  I h~~c ’e ’ p c’t’Cvnt v i ’ ro c’s

o l  ‘1’a b le  12 tIn-u the s - u l U m i t  1 1 1 W - i 0 1  f l c o t  I o n  v ’ s - c u l t  i i i  c ’ I ’r d ) r s

mi s ‘ci igh  mis  t h  i r t e e ’n  pe I’ v’c ’nt , b u t  mu W’ ’g c - c i u ’ r ’ m i I I v  o f  s u n )

s e ’ v o r m i l pe l’c ’ef l t , Th y I m t t ’ gc ’i ’  I c o s i I  i O I i m i l  c ’i ’ rd .cFs 0 1  i t u ’t ’ m i t  1 1 ) 1 ]

U I would place t h e ’ ej e ’u - - t m i  a t  3-5 t s ’ u ’ t  i l l  X ,\’ m u s o pp o s c - e J  t o

t he  c e d l ’r o c t  3-i to 35 I c - v t  , b u t  I hole m u g .  a’ t h i s  i s  pI ’ s u b a b  1 y

be,’ t t t ’ t ’  511 ’ CU I’mte ’\’ t h a n  i sne  C o u l d  i _ l ops ’  I n c  d c h t l t l  n f r c s n ’i an ~’

c ’F mc t c - r i  rig c ’al e,’u l a t  ion (note t i _ l I s t \ 5 ’  f o c i I V c ’ FI ’ uu l ’ 5-i , l o t ’

e ’ i t l ie t ’  i t o r a t  co I l , m i r e -  u l e ’ i ’ i n i  t e l v  i c ’ s - u s t h m u l i  I w o  p u ’ i ’ e ’ c ’  i l l ) .

A l t h o u g h  cvu , 1 l i m c v m ’  n o t  s i c -  t i n i  I iv t’I v d i - siio ns t i’ m u t v d  t h e

f c ’ m c  s ib  i i i  t y o F ob I m i i n  i n g  c ’ j c  -a ’  I a dv n a ic i l a’ p a r m u r l l o  (v i ’s  W i  t hi

su t I i C I c ’ f l  t ac - c - U  r a c y  t i m  e c r r v ’  I m u  I c ’  w i  t ‘a’ c’ r’a t m ’ i ’ I n g c m l 1 CU 1 a t  i o ns

t h e  m i h u u v c ’  c l d ’ S T S s ) l l S t I ’ Sl t i o n  c v s i c i l d  sv ’ni t o  i m p ly  t h a t  I he

,o ilggu’s t dcl  t e c ’ h n  I q i i u ’  11115 su t ’  lid I t ’ c i t l1tt’I ’ i t  t o  ii m~ i’ I’S_ l il t f u r  I lie r

& ‘ X l t I I l i f l m l  t i o n  . ‘I ’hc ’ 5 1  ‘ d l  ic , ~ t V C) F C O f l Y c ’p ( 5111( 1 t h e  1 m u s k 01

p r ’ c - s ’ s I i c ’ c ’ i i ’ m - u I  l i i  s u i t i c i s  (1 1’  c ’ u i n s t  r m t  i l t t s  on m c i  i m u O , c l s l c  ~ s i I ~~ t l ull S

she so 1 .1 a 1 ~ s m  I~ F ’ 5 Va ’  1 1)  ~~ ‘ m u 1 i n  g - I n l ’Ssd ’  n c, c ’ - t li i s m c pp  i’ ‘mic ,’h

is si  i’ m c i g i e  t I s u I ’ \ C  m i i’d 5 ( 1  I’ s ’ s ’  I i t t I ng  ( c - m i  l o u  hi I s  ~l \ ‘ ( ‘ F o l l ”

n i c ’ m s u t ’ i ’d t r ’ m i , j u ’ c - t o i ’ i c ’~~) which Ut i l i z ’ s  a l l  v i  ( l i e  m i s - ’ ; u i i ’ c ’d

d a t  m u t d )  gen e ’  tot I c ’  ml su c I  ut con t i m  m u  a ’ s m f l —  1 i t i c  - m u  r’ o p t  I r u ms  I

u ’s  t i r n a  I I on p c’ u l l )  I i  - t n .  N u t  c ’ mc lso I ha I~ i t t  1 he ’  3 m c ’ ILl I I - m a ’

o f  St~ ’tS~~1S wu ’ m i u t ’ u i s m s t , U ’ m i l  I V  s m l c t , i i f l  II flc ’u es-iilI’ c ’ c i i  t i l e ’ g s d s ’ e I n c - s S

o f F i t I) c l  \~ S - c  -11 tfl (’515 i l V c  - m l  li i i cl 1 ’  0 I c i t  I m u N -P  t r a’ j e ’ s ’ 1 s t ’  1 vs
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V . ( ‘ONCLUS IONS ,- \ N I )  RECOMMLNI)ATIONS

Tb ’,’ -,çu u~’k rev  i c ’ we ’d  i n  (is i s  t ’ C I d ( c  rt  h a s  c - s i l l s I do red

i n — I l  i gh i t s i / I  ng b r  e ’j i ’ c t m i  From t he: I I D D L E  ( 1_ ST h i g h

o X~ i c e s - -u y e ’  t a’s t set’ is’s , s t u d has- a I5 c) c ‘ N m t f l i  i l ied i n seni le

c_li’ I s u  I , the fem u sibi 1 i t  V c) I s m i c t a  i n  i ng  i l _ l i t i  m i 1 dvt ’uam i e-

t mu c l i i r m v ’  t or is t i c ’s t ’or  co F i a ’  I a t I on w i th  c r a t e ’  r i n g

ca 1 Cu [mi t io~is - lb (Ii e F l u  u r  t s h a  vs - made’ s I gn i F i  ( ‘ m i n t  e_’ on —

I i ’ i b u t i c m s  t o  ou r  u i i d s ’r ’ s--c l m i n d i n g  v i ’ t h e  c ’r at ( ’ r fli g f m r u c ’ e ’ss

m i n d  o F i ’ j c ’ c ’ I mu ( l v i i  min i  l e s s  , I - m u  c h i s c _ is  ns I dv ta - d rtio 1~ - l u )  1 v

be I s  iw -

l u — i ’ l l  g i l l  S I / , I 13

‘l3i s’ c ’ ,)c ’i ’ t m i  s--i l ~s i i i g  I i l c ’ m t s U t ’ v r l i e n l s  p v e ’ s e n t m - d  in  Sec t l s m l i

I I I  N ’ t t s i  I - ’  s U pp o F t  ( l i v  o r  a LU  poco ’r l m c s v  c u r r e n t l y

s ’m h ) k m v s  - c _ i I a’ t h i c  - i~s-’A I c ’ i ’ c ’i ci n o d e  I . s-V—u f lu  s i c - c l  i n  1 Ii is  1- c -p o r t

t U - sc ’  c l i s t  i ’ i b u t  1011 5 ( a n d  F icn s ’ c ’ t h i s  c ’ ’ m UI e,’ I U S I u m l i  ) ho l d  moe-u t

spec’  i I i  c_ ia 1 lv  I v  u’ the I ’ m , r I  lie I’ — s l i t u m  I’ i l l  5~~’ 1) 1 1  1 ill I s  s(js c ‘ , ( d’,’ 1 a

b I c t l _ l k ( ’ t  m i s  c ’ I e i s e ’ — i i i  r n v m i s I l F c ’ I s u c - n t  s-u o c m i t  I d  nea t b ’ mmnlt’ bc ’ c ’a U s c ’

1 t h i s ’  ( 11151 / e ’oinbu s  I i o n  p rs uluc - Is  c I s ouci - I’li c ’ s — s d t p p o l ’ t

w h i c h  t h i c ’ s e ’  ltIemtStIl ’ (’ t fl s ’ flt S ~~ l.O i ~’ i  ul u ’  d li i b c ’ s ’ u i l l i c ’ S  m i p p l i r o i l t

mu i t s ’ I’ c I c - I, md I le d  d I s t i l l  d a ’  t ’ i s c)  a’ c~ i I ii o 
~~ 

t - c ( m u  I t e - I Ps p 1’ - d i c  I e ’ (1

by I he S Al  m c d c ’  1 . 0 v m s  v i ( a  t i d i f i s i  I s u n - h  Ic ’ F s s l V l i m i t I l  i c I I I t  c - r i  ng

o f ’  t h e ’  i n i t i a l  s j t c ’  d i s I r i h u t l ( m c i -~ (St’ el l t c ’ t h e  {j c - I t l s

w h i ’ h  dm 111 bc ( I s - - i ’ d  ( o r ’  d i r ’ s - i - I  c ’ m i l ’ i j i S l I ’ I S u d f l S  s i i i ’ h i  m i s  t h a t

sic _ n i n r i g i l t ’ s’ I

A l  t , h i i i i u g l i  t ’ m i l i b r m t t  i n n  sh u t  m~~, I s v - I ’  a s l i a l ’  ~: c ’ u u l v g v ,

t s ’n d e ’ ih l ’ s  p r c c d u s - s ’  rIl c > t’ c -  c ’ j s i ’ l m u i h i m u u i  t h i s ’  u t h i c ’i’ ~‘ m u  1 I h i ’ m u t  l o u

s h u t s , thi c’ g c ’ u i c ’ u ’ m s l  i—li s p s ’  id t h e  ( l i s t  r u h c i t 1 5 1 0 5  W0s—i

s u n  I m i t ’ . Th i s ’  C m s  I I h i ’ m , I re i n sb ( s -~ m t n e i  I i c ’ 54 ( 1 t o n  s h ìn t

3-35
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W i ’ Fe ’  m u l  I hal i—hu _ l ’ i e’d m i ne!  t h v r’v l ’o t ’ e- t h e d a t a  p r esen ted fo r
I h e - c o  mu r u  d i r e c t  l v  e ’omp a r mu b 1 1 ’ as t h i s ’  F e ’  i S  f le a  \‘ mu r i m e  t ion  i n

s h o t  g e - on c e ’ t ~v - For  I hese s h iv  1 5 c u r l  i uc I’ s ’ m s s e -  i n  v c i ’ h i

by ,u l ’~i e ’ Lo i ’  u I  I i )  ( 0 _ m i  l v  2 1)  Ion ) I u l e - I ’ c - - S i s c ’ m - -s c ’ j i - s ’ I m i

y i c ’l d  by  ml Fac to r of 10 F e ’  2 0 .

I f  tbers _’ is su t ’ l i e i e ’n t  i n ter e s t  in  ( l i e  i m p act

c h i m u r a c to r i s t  i c ’s u t  t he  d i s c o n t i n u o u s  e ,j e e~- t  a f i e l d , t he se ’

meas U r c_ ’ InvI l  t S s h o ul d  bc - p u r s ut e d  to c o v e r C )  t hor  g c ’ c> I c 5 31 es-u

m i n d  sh o t  coui f ig u i ’m t t Ion s . At b c s t  , th i s , - d a t a  a c q u i t ’ s - P  to

dm u t c ’ P s i - - s  n o t  e -Ofl  t ra d i e ’ t t h e  c - N 3 s t i r ig  v , i c - c ’ t m i  s i/ c ’  mode l

b u t  n o t  enough Pat m u has b e ’e’n s l e d  c _ l i r’e - d  t o p c - i ’  l ’or rn  m u

c_ I c ’ I’ l i i i t i y e ’  va l  i do t i on

I’:,j e ’c ’ ( m l  I ivn m s~ii i c ’s

A I t  h i s  ‘ u g h  c - N  1 st  u r ig m u r ims  1 v s  i s -u I ech o  i q s e c - s  mmi v  p r’ - l v i  c_ IS ,’

d a l m s  en e t c - e l a d \ ’ n m s r l t l c ’s w h i i ’h i s  c u t ’ m - -, e i l ’ F h ’ i e ’ f l t  a c_ ’ c_’ u ra cy

f c c t ’  e ’ i ’ I ’ t m c c f l  m i j m h c l i c m t t l s c r i s - i , m i l m c - I  i l - I ’  k s u ’ ’ i c l m ’d ge -  c i t  d ’ , j e c ’ I m c

t i’a e ’ e ’ t m ’ i ’ i c ’ s  s i l m s \  p I ’ - \  1 w’  cl m s l m i  ( ) t  S l I t 1 I c ’ l c - l i t  m u s ’ e ’ i l I’m u s ’V mi n d

v a  I l i i i  t y t - )  pe  1 5 m m  i I s i  i i’ s ‘C t e0 s m i j i  m i t ’ i s , - : e w i I ii ( m c  r id h p c ’  F u  1 1 y

v s u  I i dm s  t I ( S a ’  o I ) c ‘N I 5 t I fl o r o t  t c l ’  i l l g n , ‘ i i  - I s , ‘i ’ I c i ’ mu PP i’o m u s ’hi

_ l ’ ( ’ V I s - \ i u ch  h e n ” -  l i s t s  s uch  j r c ) n t i s~ - , c11 1 ‘ I s - i - s  s e t  I’ c - l y  u h i s m n

l s r ’ e - c e a I l cc ’ i v c ’ d  b , m u n e l s  01’  s- ’ n - I 1 , s  i t e l s  ~~~‘ ~~ - i ’ rm c I I d - n I l  l ’ i c ’ m u t i o n

o f  t h i i ’ ( ‘ d m l ’ I’ i ’( ’ I S u d l U t  i o n ,

‘I’h i I s p i’ b i i  ‘ I I  l i d  5 bc ’s - n  mu v mu s - l i ’  - ml i~ i t  hi mu t in  I d i  U c -

afl I P s ic_ c l’ t u e  1 P l’ s 5 m r  mu slim t fig I s  ‘ I )  1 ( P i t (  151- ) iC h i I e’h l i i  I’ ’ t i l t ’

v n l i r c -  i f l v s ’ s I l g m I t I ( I i  I c ’ m u s - - i i l s l & ’  ‘,c i t h u i r i  l i i i ’  - N i s t  t r i g c ’ u u r i s t i ’ m t i n t s ,

A I I hi - 5 1 1  - ‘3 1 1 hi i s i ny c - s  I I ~ a I i s  i i i  h i m i m -u 5’ ’ V c  ‘ ,u I - ~s l ~t a ’  I n bc  u’ s - n t

m u s s m l i  I g u i  I i’ h c ’  t ~~c - u - r i  I i i ’ -  u l l ’ mu 3 I s u r e m i n d  I i i ’ - m u / i  oss i t h m i  I s ’ j c ’C I  i on

m i l l  - I t ’  , I I I s m c c l  s t I l l ’  i go I I \‘ ‘-v i i oh 1 5 liv 1111 i ’~ ac ’ I s ’  I Ii j 5

m u l c p  l’ s - m u  s b  - 01 its - 1’ ‘ 5 1 1 5 1  1 v s - c t s t c ‘ e ’h ru I l l ’  - - i h m u  v ’ t h i s ’ mu l f l c ’ amh 1 3 1 11  I V

b u t  i t m i c - -  h e a l  i r ’ - - t i ’, u h , l s ’  t ‘)  l’ i ’ i ’ c i C t t l , ‘~~ i t  l d t ’ s ’a m l s - u c ’  1) 1  t h i c ’ i  1’

co ds ,  t ’ - - ’ - f l s -‘ -cs -

I i  i s—u I - - I t  t i t c I  t b -  m t p p r ’ u i m u i -h  - - i u l u ’ : g c - s t l ’ d  he ’i ’ e h i m o ~
Sti I t i e’ I I l l  ‘ ‘ r ’ i  I t i c  i~ mi t’ I _ mull t b u r l  h i s - i ’  i l i i’  s t  i g m c  I i v i i  -

I ,
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p s i  r t  h’u ’l s i  I’ I v  i~ I I h r ’ c ‘5~ 5 ’ C  I t o  d c -ye’ lO~~ 111 3 t m i u 1 ~~ ic_ l i  ich W i  1 1
pol ’ulI i t  i’ s ’ m -~- s u l v I n g  t h i s -u s u m l c i g l u i t \ - . T h i s ’ r s ’ m i t ’ ’ - a ’ o n s t l ’ m l i n l — u

mu v s u  I 1 oh  it ’  , i c _ i  Ui i n  I bc l~l( OS 1,  si ’ s--u t c - t O  , 00 5 ‘Nod t I v  h i e c w  c ’ s - r I a i ri
v a r i a b l e ’ s  r - i a v  he ’ m i p p t ’ i c m u a ’ h i e ’ e l  m i n d / s I’ m s 1 m I u t ’ s i N i r s - e m u l s ,~C1 ( l i s t  ‘I n
t i l e - I  r I u ui a I Va I uc ) mu r id (lii ‘sc  ~iav d )  I ’ I ’  ~1’ 5 1 5 I o [)  I s ’  s - - i ’ l l  U t  l u l l

to I l ie  p N c b  I e ’ i i i  , IV i ( i i  t him - c l i  - \ m  - I c  m j s i ’ l t  ‘ l i t  i s  I mi v; i  I i 1 5 1  1 ( i i

m i n m u l v s  I S  t e ’ d i i f l  I sO l e  , JN , \ 111 115 t t h e n u i ’ s ’  i do si c i i  h i s i’ or ’  not

a c or re  I a t  ion v i  ( ‘ 1  c - c - t m ,  d y l i m u r s s  L u ’s mun 1 s, t’,s I s ’ i ’ I lu s3 r i i c s s l c  - I s
l i s u ’ i’ I I s-~ I II ’ 1 F i s t ’ Ic _ m d id-S -
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1 . Se - eb s i ug l i , W . H . , ” ,-\ i ) v n m t m i  c (‘ r a te r  L,j~~e ’ t m t  ~1 e s d u ’  1
S c i e n c e’ A pi-c l  i c _ - a t  ions , m u ’  - , S A I — 7 6 — ( - P 3 - 1 — F V A , I n
Press , O c ’ t e u l u c ’ r  1976

2 . L s i y s - u o n  , IV . M , , s ’ t i i  . P t ’ I v s c  t e -  C o n u m un  i c - s c  I i on  , G e n e - r u  1
Rose’ mire - hi (‘orpo i’at ion , Au ’gtts t ’ 1960

3 .  G sw l  t , 0 . 1 , .  , Sh o emak e ’r  , I- . M .  , m i n d  ~c1 u c s s t ’ m ’  , Ii . T .  -

‘‘ Sp t ’ s iy  Ej e c t ed F rom t h e  L u n a r  Sur F ace’ liv ‘u~d ’ l  e e d l ’ s ) I  P
I r u c p m t c t  , 

‘‘ N A S ,-\ T N 1) —  1 71 ’c ’l 
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