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I .- t h  h - U n i t  - s , t h e  p i t t i n g  t I , j c - k n i i - s s  ‘ l i i t n ) t i  1/8 i n .  I or  111—I 3 t )  and

‘/1’ - I - . t - n I 7— -S l’ii 5-i t . ’els . Box ‘ - - i n n s  5 m ud I ,  i re  mtmui , ’ ‘ - I  11’n ’ — I  l I t , st ,i I c

l u - s  s- - i ”  - 7 - m i d  5 , m r u  ro tnst  r i o -  n - I  o f  1 / — - . i ’ i i  . Box hi - i n 7 h a s  a T—s ,  I d

- n i t  igun m t  sin  ( l - ’ i ~ t , i r ’ - I, )  w h i l e  ‘l i l ly  I g i v t - s  t h e  s i t u - n il , - ‘rU i g u n  i t  i o n ,

a o l  I c - s t  . - n u v i  n ’ - i , ” j -~ l t  o t  , - , i i - l m  I ’ , ’x - i ’ i D I .

I ) , - V i  i ’ j ’ T ’ F i n i t  ‘ n  t I , ’  t o i l — l m n i m i  s J ’ c - c t  r I , : -  j n - ’ 1 i s e u s  ~‘d i n n  ~e t  ‘ - n c - l i c e  1.

i g m i : - - / - -do w -  I F ‘ ti - i -c ’ I r u m  , i i O [ O  r~~~ - n u t i t I e  i l l  v t e l d  -~ t n e n g t I I , a pp l i ed t m ’

• -
‘ m - I i ’S ‘ - - - u ’ , . - I t  - - m u - t i : - :’ in - - I ri ss  I - n ‘‘  i - ( ,  I n .  m~~ h o -  u n - I  t~ u d o t  m - m u ,  t ied I r. ’nn

I - i l  c u d  t , - , u - . ’ n r . ’ i  - .- n sit I v i t  t ’ ’ t i n i ’ i  I n o ’  s t a t i c  l i s t s , l u s i n g t i n u -

, . m l  I ’  s l f l  i t  i - :  - i - i t  i i  mn

(I’ t (~ . n is it i v l t v )  ( I )

l u l l . -  _~ ~r i - H ’ n1 t - , t C , , - :FL u x i t l l I i l l i  ~, t r , - s ; i - : - , j u n  l i i ’> :  ‘i u : , , -  — ‘ t l u n — i ’ m i g iu II , : i n ; , I ‘j u i b l o

I ‘ d i m w i t  1 h . s I  u i - s t - i  : ; b s - m - I t - i - I m l i i  l i - m i  t o  box  I t o  i iF , T ;  .‘ 1 u n  ‘ ‘ t i 5 i  F



i - A l  I . I k l .  l , tH\ I I  iNS

I i i  h i t s ‘i - u m n n u - ;  w i - r i -  d t - s i c , n l t - , l  n - i ’  I . u ~~t h - - n  7 . u -. 10 cv le e  7 Mo I - I ’ ’ .

U 100 1) cv i  I ,- ~~- p e r  it 1 ‘c U ; I I  ‘s ”- ’.’ i -  n , ,i  1 1 se x l~i - , m n n s  - - - ~ t ‘ ‘ - 1  d c v , -  U - ; ’ ’ -  t i  I u i Si’ ’

I ; ;  n i i- t ot  - -  r i  a t  t a I n  I n i g  tb  - i i i  - - - i gnu - u O~, ‘ -~~~~‘fl - - A C i t  ; , :i C i i  I i t  n - - s - s

c~ i n n s 1 , ; ,  n e, 1 I i ’  h e  t i u i  I i n - ~ t v i s i b l e  t h i n - o - , - I  - r i  o c c u r r i n g  i n n  t h e ’ - -- h - urn

n - c - st s c - n t  1, - n t .  I : ;-, h - u n : ,  1 i - x l m i - r i u ’ I , I  i d  ,m s t i t i c  u , ’,- e r l i - , i u  1 i i l i : t c  - i n t ’ l  I t s

too t l , , ’ m n i i n c  i u ; - d  m i  t ic s uh - -e i , i i - n t  , i n t , u l v t - i o s .  H u h  l e  e L v i s t l , r -  t i r s I

u t  i - ‘n i s  i t I i i I n - i r e  t - - r  n i t -  h I s  ‘ i - i f l : 5 .

F A I  I ’S  I -

h -b i t  i c a ,  , m n n i l v s e s  5 5- U  e t o r t  o r n - ,, -d i n c - m e l t  box hi- - i : - , u s i n g  t I t o  l’ s r n g r -  :. -

u n :n it l u m t i v m ’ ’ i - i n : t , i g i - t l i eor v ~~’ i n  t i s s o c  l i t  i o n  w i t h  n - h i -  t u ’, , dman 1 i s .

( b u r n h u t  i i  u1 u n: t I~’ e t C l e u n V t i s su m i u s  I - m i  l u r e  w i , m ’ I :

- n , / S . = 1 . 0 )  ( H )

s - i , ’ r -  t t  ~- r ; n t - u l s  n , - -  n u t i n u C ” ’ r  ‘ C  n - y e  I t s  i t  ,s tr c ss J i - ’ : ’ - J  i • and S o ij u t i l s

t h u t -  n n n i r n , u , r  o t  i - v e l u - s  m t  s t r e s s  l~~’,’ e l  I t i  C u t i u s e  ( t i h l i n ’  . N . i s  d c - t i  r r , i n c - u t

I n n  m t j g ’ i e  d o t - ,  t - r  b a s i c  n - , : m t i - n i u l s , ) n n i - - ; . - n i I ~~- i  as s t n , - s s — y - - r n F ; s — 1  i l i

( S — N )  d i a g r - n i : t -  . I l i - -~~’ - sn: i :u i I ~ ; ‘i - - - l n : ~m - n t s  a n ’ -  u s u a l l y  I c - S t e  I u n d e r  n u l  l v  r~ - —

‘ ; . - r - ’ - d c o n d i t  I n n s  } ;=— 1 ) .  I I ; ,  s~ m & - s ~-t -s  u I ’ ; ’ l  1, -H to  t i  box ‘ - i n :  r e  n n c ’ t

t u I  I v  r , - v e n s i - ’ i ;  S -w n , i nn  , - - n ~ i i v m i i - : , t  t u l  l v  r - - , ’~ - r - -~od s t r es s  i s  - - ‘ nd

U - I ; F  I l i t  I , ’ ‘ , ‘i i t : I ,  I n n  1 ow 
-

I F ) ( I  — / 1 )  t I )
- i t t  I I  tS ‘ 1

5l~~ - l e  
i n n  

i t  L iii ’  - - , n - i i - ; i g t h  a t  - m g i ’ ,- e n i  s t r ess  r o tH ’

- n  t , i t l u ’ ’ i e  - t r ’ - n i g t l m  u u L  R- ~— l
I-I

‘I = n o - - i n  I Vil I ’  - m l  a 1 t c i  n i - u  t m t g  51 n , -  - - -

tnt
- t  = i u l t j n : u , i t ’ -  j n s i t . - r i - u l  t m - n t s l ] e  s t n  i - i u , t t l i

m i

~ l ’ ut ~I n n ) g r i - n I , A .  , “ U i t  l u  i i -  i n i - ~ I tou r 5 - n i  K u - i - I l u g ,  r n , “ V I I I  — U , V o l  . 05 ( 1

‘I-l i - n , U - A .  , “ Cunn i u  1 i i - - i - C i i : : :  5 ’, u i n  I-St t t ( t i l t , “ i i ,  n u t  1 m l  \ p I  1 i ” 1

I- I t ’ i  hu m n u l o s , V i ’ ! .  I S ( I i . , ) .

R i u  l u m n , I : , , C . W . , S t i u ~ ’ t  or ‘~~, i - u u g i i i t - m - n i n l g  M i t  o n i t i s  Sc I t t u c u , ” S , i l s w m ’ n  t h u

i’u h l  i s h i  ng ( u i t i I I I i i t D ’ , h i n t  C r  t r u e  i :~. m m 1



- S t I e  I U i ~ t w I n  u ’ u i n u i v m l u n n t t m t i g u u u -  st  r . - n n j t t l u  - i t  n ; - — l

= - ( u  ~ ( - ~ )
n u u tnn  ~ 

- — -

Ii til

i t , i  c - u ;  n u I v i  I ,  - : F t  s t  n - - - -i m t n - m o r  h i ’  x l i i  - - m :t ,  - H i i  n - u  h I s  -S • r e Fi l l ’  ‘w n i  i n

1 - m i t l u - ~u .

F i t  i , i ~ I i C e  - - i l e m u l - i t  i o n :  i made , n i F -~~i l n g  m nu rn i h i - r  m l  5 — b  c ’ i m ’ ’ t ’ - , H r

i ’ - i c C i  box  ‘ - , - - u , .  I I ,  c - u l e u u l u t  i , i n I O  c i t  t a t n g m n t ’  U t e  l b m r  , - d i : u  I x  , ‘ i - , u n : l  i r e

g I ‘_ ‘c- : n  i n n  ~\ ;‘;‘ c ’ n t t i i

F,U I i I l , — . \SA1 ’n S E S  R I H I L tS

mi n i, - t -  g i - c , s t I , - r , - s m i l t s  ‘ i t  t h e  f i t  i g n i ,- , i t m l ~ ’ . - i ’ - , - ,n ; - , m n i n n g  l h i -nn  t u

I I F I , I : - - :- . - n m - inn: t - i I I - n ‘ - . I, ‘t u - l u  c - ‘r id  I t i Ons I = 3 o 3 , 5 i ’  ) Si ’ r~ - - i -  Fe: , ,-  (I

‘ : - n ~ - - - - n u t , :  I n  i t t  a n t  . i : . — w e l d e d  c u i n d i t i ’ n i .  T h i s  , u s : i i m p t  t o n i  - , - ‘ - r - , v - i l  i d  t - i r  

- ‘ ( i t  I - ‘  :•u I ’ ’-

‘-s, i l t e ’ n i t n  I ’ ,’e e x ; ’ I m n . i t  l i n u s  t o n  a c t u a l t : u u i m i n ’ - - - i m e c u r r i n u g  ~~‘ I ’ n i e r

- i t o  ; ‘r . - . l i c t  , - ‘ i ; t u e :  ( i t  t i t h e r t l m ~ , u , t u i l  s t r m -  , s— - u ’ n c t - u u t  r a t  ion t i ,  t - ’ r s  F

i n n  t l i t -  ‘ ‘ ‘ 5  :o - - u n - i - , s- i - r ’  - p r i - - i n - ’  - r t h i  t i n  n 1. 0 , - - n ( • ‘ ) n h o  - F e  - x I ’ ’  - - i n .  i in t h ue  i s—

S’  - S i t  , i~~u h i t  ton ‘ u n - t i  i n n i d r i ’ , 1 , h i i I  st  n , - s s . ’~~.

An - c i t  I - .- - t  i s  I l u n d  s I m l  I - i r t o  ‘ n i , - m i s c - m i  li v R ’ ~’ i t t  i~ i n n  n ho- ‘ h i M  ( ‘ - i t  r u  1
i
i

- - -:‘ : h , i t , i n l t  nn u is i- .i I c  h m y d n ’ ’ t o i l )  1 ’ r . ’ h n e i l ’ i i i t v  - - t m u d v  was  i - ~ i - i  t o  u i e t u - r m i n e

i ,  - :: : i - - m u m !  I I i i n n  I l i i  t w o n t  I d  e t i n u : o I t i in r~- inn - :e I ’ . ,  s lie i t ’ : . \ n - c- I - i t  i o n —

F 
- H - ~~~~ - - ‘ - t i m  1 I s t - - I  b i t - I  ~~~~~ o F u n t i l  l i i ,  - C i n  I gue st ri- let hi  t t t  it p i ‘ c n n  number

- ,- m I t - n t  , , - , y, . , I , t ~ ‘ n 10
0 

e -;c I i - - - , s i , ,  - n - lilt ’s t ‘ I  t l i i ’  I m t 1 glue - I -  lt- :.otm

- i - n i  r o . ,\ e - t i - ni - rtu 1 i i i  1 i- , t t ‘ i - - ‘  - n - i - t i  t d i e  r i - i t t ,  - I i n i rm - . m  - - ‘  - I i i i  C - it u p i t t

*
1 n i - n u g t l i  w i l l  h i i h i -  ( d o u h m l . - )  t b -  I - i t  l i u t  l i t , - . b i a s c - i m n . -  - , t h - t u l i t  i o n s ,

F - i n n  ‘t - - -x  C ’ , - t i nti - p u - u t r t i , F i I l ~ - ; - i - n t i - m i  t l u  I s • HiS I i  - 7 ( n m  - - - ‘  - i t  s t l i i -  n i m ’  t h

n - l I t  l i n u s  t l m m u s  , m l m : i u l m t ’ - ’ I  m m  A j ’ p u - n n d i x  A .  h -  r I m i ~ ’,i - of n t o t , - l u u -s l i t  u - r m i tncd

t u e  w i t  , i N i  t y ; i i e t l  F ‘ s I i m r , i ’ , — w u - l - l . - ’ l s t u n ,  t o r t  i - - n i - p o r t e d  l v  1-1 1 1 i nn g w o o d

a nm i i  C ‘ T n , i i  k v - i t  I I i i  - I i - n u t  i - n - 
, cxi’  c i t  t i i  r h i t  x I mi ~ - t nt ,  -

‘H i  x l e r  , ‘
~~

‘
. 0 . i n n! I n . I ) . M i  I h r  , “ N low I r a m  1 1 1 w  t h , I- n a n  t tire , b- i t  i gu&-

;inil l I m i t  r i t e  i , m n u ,- - -
~~~~

- - -  n i t - n i  I o t P r o d u c t  I t in  I ’II M I t t  r u t  - and i - i ’  I I s , ” Hoe l u n g
l ) o c n t n n i i - n i  t I )  3 1 2 — 1 0 - ’. 1 / — 1 ( 1 5  l i

* m m l i v . -  r - ‘ - i t  I urn w i t Ii ‘-In . I ) .  I ) .  I I I c r  , I I ’ ’ . -  I m~ S ir I tie N vs I i -ms . i i i  u I ng  (to .



‘I c - o c t  ii n c ’S Id u a l  st  ri - - - - - - w er e  t u t u  1~~, l . m i I n  I i ,  1 ’ u - r f F n  ~- e  ‘
~ - u t -u i vs- i - i  of

I ’ , ’ x — l ’e a m  - t 1 ’ e i ’ t  r t t  a n t c l  l i t  j~ ’ i i c . I I :  i - s , - ’ t  r t- s ’ -~.- t ~ ins ru msou t t i u t -  mean-  s - t r u ss

I t  v u - I s , t C i t - r , - C  1 n t ~~r ’ - - i - - i n n g  t h e  c i L  ‘ t i a t i - c i  u ’ ; n n i v i l i - n l t  t i l l ,  r u - ” , - r s e c l  s t r ’ -ss

- tnt -gu - . i h ,  - n - u  - s i ‘hi  - i 1 - i t  n e - - - - ‘ - - i t ’  - i n- - - - i F  I - .‘ - u I I n-u ri - I n C , i - I ’  - x I i i -  t in -i s

4 ~~~ - - in n ,- ‘p n i - - t i - n t  at  I v .  - - m e  —w ’ - I d i d  , i l l  id i t  I ‘tue N = 3 . 1) ? c u 3 .  - I , , or .  - p iv ’ s

jun ‘l i t - l u - 5 , ‘ i ’ ~, -il  ‘ni  i , i l e u l c t  Ii nn nt - i ;ir ui- , , - n t t  ‘ u I  iU ,‘i p ( t n t I i f X  A .  I C u -  r ’ - s j d i i m l

t O S  l i e  sI ri -- i -to - n t ’ - - m n y  I - n  I i t  l i t ’  t or  - s - I ’  I i i  n r e ; ’ -  r C c-cl v i  im ies

:“ s i - t t i i I  s t n ’ -  - - - , s  n e s m t l t  i n g ‘ ron :, ~ 1 d u n ~ i r t  n , i l i i I , I1 b y p o s V ~ ’ e 1 d , I i , e r n r - t m l

~ r r ’ - s s  n , - i  t , - :  , s u i t  I n ‘ - m t n - Ft- it .’ IC , ’ : . , h -i - inn 7 si nit t i l r u l i t - git an apIn g , ‘ c I c

1 1  Ci I-’ , r o su l ’  m u g  inn pu nt- i t I  stress r u - l i t - I .  Ho:-: F l - u r n  -5 w - i s  s o l ot  ion

t n - u - u t  i l , i~, I c c ,  I thi n , i c i - ,l u t  1 100 F , r . ’ c u l t  i m p  in t i l l  - t n ’ u - , : s  r i - l i t - I .

I -Hi i , _ i t U , F W I I i  \ N A I n SF5

m~- k -- - n - ’ s t l u  a n i , m l v : i-s si - r u - u t , - ; ’ - I i  t o ; - r i - i h i c t  t i l e  l i v u s ol  t h e  H~ x C ’ o irn s

s m m i ’  ~o t t - I t o  - - ‘ - on s ’p t -~ r i  . : F , - ’ ,e - n i t .  1, - c u - s  m r  I , ‘r : :i i -d  us I t i c  t h u  t t i c- o r ’,’

o t  I j : : e : t t  i l i s - I  i t ~~~f r i c t u n ’  : : i u - ,  C t t i n t i e s .  ‘ ‘ n i t  su r t u -  e C I,uwi , and t l u r ’ ’ u g l i — t I i i - —

I i i ,  U n i - s s  e r i ’ ~~ ’, ‘ s - n - i -  n: no ’l .  l u l l , i n - C  t l u € - i r  ,‘, r ’ ’ w t l t  w , i s  c a l  : i I , u t o d .

r u  r — ‘ n - - s t h i  r a t , ’ i s  i s - s n - t i - d  t i~ i F e  i ’ ’ v u ’ r : i , ’ , I  by

( I  ( ‘ P 1  -

N 
= 

F ( K )

-s l u t - n e  ~i t i t h e r  e n  i - t . p t i I o n  s u u r C ~~” e I I  u s-  or  F i l l  — c r a c k  i i - n i g t t u  n o r
I i n  c i i i - gt i — t mu - - l i l e k n t i - s s  e r c e k s

-‘ n n u t n h i - r of  e n - u  I t - -  u 1 1 na i l

I. , tn = n - l i  t e n  i i i  i iunn s t u n i t  s

F ( h - )  = 1 f~~ ’ P A R I S  i N F I i I  l u l l

= (1—k ) K — - .k I or I’~ ‘ : 1 1 ,1, i - ‘ n i  i t  j iinn

P = s t r e - - , — i n t i - n t s l t v  r i n g . -  it c - n .- ‘i~ t i p

R = r :i tiu , ol min n irn iurn t i m  r f l u l X i n m u n t  stnu -sS I - -n t i -  :~ l o i S  c v i  i ,

K = c r it ic , il et  r u t , s _ _ i : i i  , n u - , j t  v I i ’  t n  b r  m u n i s t o b l u - c t t m i i~ p n ’ w t t i

n n e t u n  - m l  S t e ’ - l  I l i - s i g n i , ” - ‘ h u t - m I  Civ I.. l.m i l  , P o i u t t l c i  I ’ m . - : - - , F ‘ I I u ; ’ i n i - ~- ,

, i -w n ’ ’  r k  ( I ’ m ‘ - i

“ We l i l t ,  p }Ianndbl ‘o~ , S e c t  io u  1 , “ Ed I t e m !  l i v  .\ . I . .  I ’ l i  t i i  ps , . \ i tm u-  r I c t i n ,

Wi l d  ln~ sot ’  I t  v , p .  5 .  51) ( I t t , ’ . )



l i t  t r a i n  variabl e dt t i ’rm inln 1’. crack grui wt li h i t  the s t r e s s  i n t e n s I t y

C i t  u’ . l i i i -  u ’ ~ u t  i o n  , u — t c - d  to  r a l c u l a t u -  st rt- : s—ln t en sitv rangi tnt the

i n  ~ ~ 1 i 1 s n - -

1 . 1  ‘~~~~~~~~h f o r  s n u r t  - i - c I 1 m~~ ( m u m )

K = .‘. ‘ ~~~t I t i  H u i / w I  C i’r i r ’ l i ~ ’ l ,  c r : i , -k s  ( o l ’)

- 
- ‘  I e 

- 
= n i l  m i  n I t  I S t  r e - - - - !~ O f l t ’ ’ -

= h i - U  c- u- i- U r n ’ - - t i . ’ n u  l i i  t ‘ ‘r

= I - is — -, F~ - m ; ’ u  - I t m u  - m n - ,  - t , -

= 1
H 0 , 1  ( ‘

~ 

-

= o h l I ; ’t  i - u i  m t  I - u i  , ‘ C  t i n t -  s - i - i - o n u d  k i n d  t o n  t h e  s , i r f : i ,  i- flaw .

I ’ : - . t o l l -  s i n e  t o r n  i s  t e l  t o  , i ; - t ’ l v  ,~ 
, - u ’ r r e e t t ’ ’ n :  b r  i t h r o n i p h i Cr ; , -  ~ in  a

i t t  i n  u - — s  i d t  l u p lat t

v _ _ i _ c  t~
-
~~

- (7 )

s - n - . - 0 = I t ~ I n  — w I d  t h i  ol p h I i - . l ’ i n i - t t n u , u  i ’ s u - S  v u -  r m I - m r , ‘rn , - ,I u s i ng  a mod 1—
S

- : - d \ “ - r s j O n  ( i I  - i  cr i , ~ — g r ’ w n I u  I - r F ; I u t O r  ; n r i t p ,  r i F t , - SA l [1- 1 1 .  Hi p r- -cram

S - i s -  n im , m , t It H - I  t m  . i I  1 - - -~- for -1-tm n ’ .- in g sn ur m , - i - — t  l a w  s - i n a p t ’ - . l i t i s  ann-I other

I l l , ’ , :  ‘ u i - m n  1 0 1 1 5  O n ’  u 1 , - , c I t i  -~~ i n n  - C ~ t m u  I m m  R i p e n ,  i - c  i . ‘i n n u l v s e — , 5, Ic  - e r —

C r  -.- m r i u ’ m u s  t l aws , i i  tn t’ ti l t- ‘ m u l t i  i n n - I  I - - 
‘ ; c u i t  t o n i c  h o t in  s - l t : t

- i n - I  -~~I t i i i , m i t  r t - t , i r u l . . t i ’ ’ n i .  l b - i , -  ,~ I I i u - n u h m u ’ r p  r i  - i n  - I - i t  i .  ei ’ F ’ - l u ’ i  s u e  ‘ i s , - ,I w i t h

- i t t  i - in n - n I  I ’ 1 - m n , . - —  s I  r ’ - - , ‘ -  I S ‘ ‘ n i t  . (~~i
- t - in I i t  i o t t  - i - , - ‘ t m n t  s f i n n  r u - s  I duo  1

C - :’ F ; I  r ’ - s s i v t ’  s t r - s - . -s -  i t  :i o  en i ’ -  ‘ i p  i - i N s t i l  h~ l t i - , - - t , - n s j l  e ’ ’ e n I - - a u l s .

H i t -  ‘ r -  i ’~~ t : , e n i  I t u ~~i - s  I I : - : ’ t o  m - n - , ’ n ’  s-s t h u r i ’ i u p l t  t h u  ‘, i o i d ‘ - ‘ n I . ’ . -t i ’s-j og

- r u m - ,’ - t i  I °r  t h u e  n i l ’  i - n ~ ’ i t - n n t - - m n - m i  H - n  I ’ m — I ’ - , . 1- ‘ i s - h i p ,  t i -  ‘~ i l  C - c - - n p

:‘ - - - i , - l , n u ’ J , u ’  i - i l  - 1 1 . - u t uv& s I n ’  ~m ’  - - : : , ,i hi ’ i i  i u l t u , - d  1 c m  I 0 i i ’ w u - n  i l -~~i , i - i

to r . - t t i r ’ I  t t . . -  m r , . -  I’ - r  - s n  Ii .

• 
‘ i i~~~i~~:s i t  C r ’ s - , 1 , S t r u o t u r t ’s ‘e g - i r l m e n i t , A i r

l i t - i ’  b - l i t ’ , , !  i - - n n , , m n i i ,  - _ 1 , 1 C m i t i r v , I t ~ ’ t ’ ’ F , , h i l t , \ C - I - ’I ) - C M - - - . - -- 1 7 1  ( 1i 17 , ) .

1 , 1 m m , N . ’’ . ot  i l . ,  ‘ A I - m t  i~~’ i u ’ -  ( n h  i’ r u ’~’ i g i t  i o n  A n n , t l v s i -t i’rogram

- s I r ig Inn t , - r ,, t I v&’ ( i , n n n p i i  t i - r - - r t i ~ ‘ b u m s , ‘‘ N Vtn ~u u m  - , I t in  , m u ‘i l u ; ’  1 it - i t  ( ‘‘ nt- u c u t  I - ‘m-

l iii t i  n ‘-Ii - t ttoc!s In 1 - nm g I n m  - ,  - r I n~ ( -
, I —  , ‘ t . \ i m g  i - u  7 )



H , u -  n u i t - r j u i i  c r - i  ~ - - .t n ’ w t l i  u , ’ n st l n l t s  i n c  i . i l ’ - u ~ I i ’ c -d I n - - - : , i~~t u j I , i C , I e

v e r s u s  ,‘~~ u l i t a .  h o s t ’  i t i l t s - t i n t S  v : u r v  a c m m r u : I t i i -, t c ’  n t n , i t ’ ’ n  L i i , u’n i v h —

r uin-ti-nut , S I  t e e - - rat i ’ , - i n,il t i - S t l I i ’ t . - m b t n i I - ~~ ’ - . l- ’, - - t  i-~i , i, m e  - I t ’ i , c t ’ n  i - I

, i~~ch , - n I n - - l n , ’ n F : : t , - i F L  t h u i - r e  i :  n i s u i i l l y  a s ,  5-  sm u t  1 . - n  m i t  : n . ,  I r i ,

u - n t s t c I l i s -  m u s & , I  i n n  t l i , - e e  , m t F - m l V s u ’ S  n ’  p ? ,  - u t  C mu ; ; en ! , ‘ muuin ~i ( b , m t ’ t~~- s t  r i t ’ - ’~ ,

.- n , - s - t h t  d. i t a .  I h i s  m - - - ’ t n : : ’ p L I I I n  s- t I - t  - u  i , u m l l s , ’ n - , i t  ly e  , - - , t  m i t t -  i - - u - - I  i n

m i t - s  g n u .  M u - s t  c r t m c k - p n ’ s t t i  ‘ l i t - u  i n c  u n l i t . , i n i , - u I  - i ~ r 1 , - -,- , i - I n -n t  50 1, ,  l F I i t

- n .  A c u n - ’_ ’ . ’ I s  I i t t m - ~ I to t h u  - , - b I t  ‘ n i  u , I - - , ; l n  s - u ’  t b u , i t  , i : u ’ l

in ~‘ : i - - t  aun t ~ o t  E qu a  I i o u  ( 5 )  c - i n  i I t ’  ii i’ t i’ rnn i  u n  i -c l - I In  is n i - j r . ’s .  - n i t  s F l i i -  : - ‘ - s - I

, - s t  i n n - m t .  cml  ~ n - u  k , ; r n w t l m  b e t s i ’ u - t ,  t h e  H 1 - v u - I s ,  l i e  c - t i n - ’- ’ i s  t I ~ i-s t r i ;

1 , i t i ’ u C t o  1 - - s e n ~ u-- 1 i s- u n t i l  t i e  t l l n e t : , , ld  C ( C
h

) is n , - t i c t , , U . l l i i -

m c t I i , m l  c n , - w t i i  r i - l a t i o u n s l u i ; ’  s o l d  C e  , m s s h - ’~~n i n  I - h - s r . -  5 . I i i  - u.: ’ n - m i - - h i —

I H ni i a nt  r ~~~~~ t I t i n n  - r r - n t i n  l oads  t bum t pr o d i i i  ‘ - 1- s -
- 

r i u- v c - i s  , t v 1 m  u - u I I ii r

s or t um ,  e t as - . l I s t - c  ,‘ i n u l s  o l  n - l i t - i  t i r , - n - i l l  t i c - u t c m l i t e S t  l v  t i m  o l t  - l u l l ,

s-c , s t u m i  l v , t h e  (~ t’ i t’ I u , i h  c u r v e  m u s t  he c ’ :’: t r u ; - ’ - l ~ i t ’ - C . H , -~~, - v e n , n - t , t e , ’ --

— - n - -s I n i - I - i t  , i  t i n . - - ‘s i - i n  i -  l i t - e d t - S  -

l n i t  i - m i  t las- s - I Z c ’  and - ‘ i i i ; , -  - i n c  nn ut  l ’~ r i s F - F f l ’ p t  ion s - t n t  - m — S — t n - s t  I :

, m n i , c i v — - i s .  I N , - - - ,0 i n - c  c r j t i i : , l  h .  ~ , i m t s o  t l , t ’V - I m t , - r m i t n i -  t h u  s - t r u - s s — i u n t ’ - n I - , i t .

r u n e  e -
. i an n n - i  , t b i n s  , t C , . -  on u ,  k -,n n ‘st Ii  . : ; , - : s  I I p i t t  c IO u t i ’ s i n  I l o s  5 i c c

und ~- , i u - u ~~-~~ i , i n  s i g n i f t  h O P  Iv  i l t , - r  t , i m -  c r , i ~~ - n , - s t C u  .~~- I t h e  1 f o b  t h u ~

l o x  b ’ , - i t r -~ . m u  t i , u l t his si,:,- : - S e n - c  l i s t - I  c m i i  H i e sn - , ,  m l  l m ’ t ~ t o n  i~ t l m . i t  - ( ‘ i l l S

l , e , I t - t i - , ’ i’d mis  I nn~~ t~I) ’i t m - o  h u n  I - ;  - - - - - I. u n: : i t ii C or t i n , -  ,- - t ’ i  - - - - s I r  , - n : t  , I’, - . — 
, i nnS

o i t  n t i s ,  - i i  I i- S t u , - t h u n i  s s- i n ‘ -  ‘ u s ,  - S t or  I m u i 1 Li 1 n 1~ u s- s i .t u - s ; - ‘ c  i ~~u i n  , -

u \ n n - i l y ’ - ’ ~s w i - t i —  p t - r l u m r n , i - C :1 i — i l ,  h ,~ :.: l i t - m i n i  t i m  ‘ n  c - C I t  F t I ,  t t : : ~t c~ l i t  - t

t i j i u n o .  1 - m i l u r o  i s  d e :  u i , - , 1 a u-i t h e n i t t ~e l o t  1 s u r l , i c t -  n i - u s  I - ’ p r -  -= t i n  a

F t  ‘ i ~ ’ h u t I i o — t b u j i H t , i  . - , c r o W . l’ r c - , b ict I o n s  5 c r , ’ i : , , i - l u - , u s i ng  ‘ C u u  t l u r . - u -

j : m i t j , i I  ‘ I - m w  : , l u i - . - s  . i n i - i  t i _ c  I ’ - i n j s  and  Fc - r n n u ai i  - m m m l  i n s  ~~i t h u  i n s t  w j t l i , l , i t

I I i - ’ t s  o l  r i - t i n - l i t  i o n .  l~~ m_ - I ’ ’ c c h i t  ‘ ‘ n  ‘ F C I t t , -  l~ u ’ i-~1 t ~ I I c ’ n i i i  s at  • ~t i , i c lo

l i h , i m x  l u u - , u i n - ; r ’ - : - ’ t I L - u  u m f  I I i ’ s , -  , i i u , u l v s c - ’  i n ’ - m t l V ’ ’ : i  i n  ‘p - i - , - ; i d i _ x  B.

10 ( , I i r k , W . G. m d  S . J ,  l l tudt tk , I n . ,  “ V - m n  1 , u b . i  I i t v  j u t  l ’ m t  i g i u c  ( d i c k  Hn ’sth i
R a t ’ -  : - - ~~t lug , ’’ Jui ur nu ~t l mit  1 , 1  In n ,- uiuid I - I v, ilmi t m[ ( c m i i , V o l .  1 (N v ls/ ’ ,).



t i l  .m i r u n t u g h i  c ’ , u k - - i r s -  im n ’hn . h m , x  h i e : u n - t , a d d i  t j m - t t i I  l o i S  . u ; t ’ l

I o n u s  -s m I i r e s - u i  I t  i l l  t or  t - r o r m  ~- , n’ - s t  l u .  ( n i c k  — 1~ - :~ , ’ ’  F t  m u - i - - ’ u r - - m . - n t  t -

i t t  c I i ’ t i  I i i r u n p  t h e  t e s t  ~m p , p n ’ ’ v i t l i r i g  ~ m ’~ - i f  i c  d a b  - l  t in  , r ,tu k

• n - i i ~~ p u n - - I -- ,  n ‘I  i . ‘ , m , I  1,1 t n c k s  , A n t . m  I V i i , ‘ O n  ‘ s i t  C - e j - t  r 1 - n “ Fe - t In ’,’ I n g

I . e : n n t t  i i i  e n  m .  ~ i t - : i g t l t  1 1 , - m t  s i - - ‘ F m - u s i u r i - i .  ‘ n c] : t i on s  e - m m t  -c  “ S I c

I t  F~~~~ u n  i f’c ’ n : n - ,  i t t  i ’ l l  h i t  i m i n t s  ‘.e I I  - in  1 - s i t  h en  t n i  - t - m y ’  I - I t  i on) . - ‘ I I I ,  - t i C  I I i ,  -

( n - u  k - p t  - c t , I t t ’ , i - s i n  ‘ - ‘- c ut s  s o m e  t u k i - n i  f o r  , m l i m i t - i l  c r 1 ’  k I e r n t ’ . t I ,  - n  I t ’ ’ n - , b , c r

- - - u - b  l ’ l  n c~~s- , - i l l - I  00 ; - n u - , I n  t t o r u s  ‘ ‘ I  , - r - - ’ c t  h s’ ru  n - i , i , I c . H , ’ . :  - u - - m m - - ~

‘ n o - u . N  7 c - - n u t ~ i t i m - I  h r - u g h  i - r i ’  s- - — that : - n ’ ’ ’ v I — I ’ - - I  u - t , , , , i , - I ,  , b a t i 1 - - c m r u l l , i r i -

s i t  C ; ‘ r t - ~ i u u  i o n n n ; . S i n i ,  e H i l t  i . m l  - i n - n  i i n t i - m n - , i - . l i t i t ,  u r i c ,  I t - n g t h s  sc r c  n i - vu ,

- c i i i  c h i s -  I ,  ‘m i s  0 ( 1 1  - ‘i : - - p a - I ’  i - ‘ ‘  wli I o h m  - i ’  ‘i c I p n -  - - - t I  F - u - 1  t u t  - i t  - St  n ‘ -  s mi l t s

- L I  I u - r , ’ n n t  e n - - i -  k— - n -  ‘ ,- t l i  - b - u t i c u ’ u u l d  ‘c ‘ n - i - S  t i n  c . u l c i u l . i t e  ( - i n u ’ i  n i , s-’ , i c h u

u . t t i t  g i ’. t  c ’ h , ’ s er  ‘ r i - l i ’  t i i ’ n n ~ - . C i : t u m  u m i n d  n - s u i t s  - - I  t b i r  - , , 1 F I — c r a r k  ,t r ’ ’ s ’t l n

n • - ; F n  0 ’-~’ i t - - I  i n  ‘, ; ‘ ; ‘ ‘ - : u , I i : - _ (~~.

i < , ‘,i . K — i , 5 i - ,~ j h h  ,\ t ~~\ F , ’n : , b o s- FI N H-

;i s I - ’-. - I i

— t i a s  . m n u u l e s i - - -. s- - r e  u - - u - - I  r u ’  tn, t i  m t ’ - - h j c t  t b , ,  I j : - c C , ’ t i r s t

I i l  i - t n , -  t I  ‘. ‘ - - b ,  t - -  - t.t C c i : ” , C ’ - I I - C  r ’ - s - n i  I n - u t  m g i ‘ ‘ i ’ : ,  It, ~j’ t’otnd 
C x B.

oi ’ n i t - i i t i  ( l i t  ~~lo s c s ’ ; ‘ r t - l i ’  t i o n t - ;  fu i r ,‘ m c i  S ‘ F~~~ in - i . I S V  ; ‘ i n s s i l m l t

, i t F i i t  i , u n n : (  u o i n l . I  e x i s t  t o  - x ; - l t i i n  i h i s c r - i t n ’  i c - n ;  i n  u t n - u i  v e r - - n i s -  ; ‘ “ c i Jj i ’ t m ~d

i ; ,  - .  l h , . - e  i n - c i t b , c n  ( I )  . i n i  i n n ’  i . m I  t l i v  ‘ i I , ’ e t t , . i I  s i c  d i n  C e n i ’ t , n  i n ’ ’’ n-t

0 m s  - i — s d  , m n ’ (
~

‘
~ e n , m ,  k — p t - s t I ,  I t t - u , — i - u , ’ , I t c i  c u i l c i u l , i n  c t I f l -  ‘ - ‘ m l  t i n t  - ;

i t i n  I n t i  r 1’; i i  it i m i n i  ( 5 )  , i l l  d t -- - t m d . - , ; ,  c u t  - 1 v r - P t  n t  n- r u  5 p m  - - s t  1 i n n  t I i t -

h - - : -  - ,  - m l : ,  . ,\c t F i o  c r t u c k — t t r - n s - ’ Im - 1 - 1 1 : 1  i :o ’ i h  Wi ’ n I F i ~~~~~~ t ’ t  -- h i m t t t n d  ( I  u is t -n - r -’ v tb i )

‘ I t ’. ,i , a - i u , , n  or l j ~c ~‘ n . - - I i e t  i o n  - s ’ - - i I m I  n - i - ’ - - ’ I i ki’ly o c c u r .

b u m -  ‘ i l l  r - m s o n i m  s m u r t  u u - t l i v , oont nh h i t ’S w i  r i m  t i l t -  I - ‘ n - n u , i l i — , u I u r t — n u t - l e d

i o n , - i t o  r I m - u t 1 ’ - ; - r i - u l i e t h : t ’  . u j l n u r ,  h r bl’ m ’ — M ( )  ‘i n s  b ’ , - n n: i  ,‘ t h r o u g h

- ,  . A l  I mm! t i c  r l u r e d  l e t  I ‘ m n -  weu~- n n t i u e l ,  ~~n - - , ,  I or  t h i ttut I C u , -  i i i , ,  I I ‘

H



lim e I’ttr I s- . - - ( i i , i t  l o u  - - i n : , -  c l , . -~ , - - — t  t u  ‘ p r ’ ’  t i c ’  f l i t ’ , i f  j t u r e  p - r  I t , ’ -  ‘ ‘ 1 1 ’ - ’ - —

i’ u r r t ’ n n t  t i - m w  i n  thY — I 11) box l ’ i - , u m - , ‘n and ‘u i - t u ’ t , i r b t i t h , ’ t i  p i e -  n h -  ( ‘ l , , s i ! -P

v i  h i m ’ s  C - - n l o x  l u - i:’: 5 Inn s m  it s i t  . - n • w h u  I I , - t t i - i to  r o t - i l - I t ’ d  u - u - F  i t  I ‘ u n i  0: - i

‘u t t u n -  f i t  t u u r  I - ,  t.: b u - i n t ,  ‘‘ i n n  - i i  r

I h u -  - : - r a t  i o n  - - I b i n  :~: b eam , , - - t i u l  i n  s - u  i t  s . I u - n  , S - i -  ~- ‘ - 5  t I ’ m  ~
- - j ~- 1 0 1

f - n  m n  :(— ~~~~v I is with a l - - - m n :u t l f l  r c - t : i n d t ’ , I  o q m t i t  i o u . ‘ h t m l — i  box b c t ~’n , w , i s  - ‘n—

‘ - t l t u c  l u - i m l  y . m i - t u n - u m — ” t , - l t , ’ - C  1 7  , F ’ h  ‘ l i t  i c !  ly  m g ~, - ul  - it 1 00 ~~~, h a v i n g  a

s t m , - s s -  uP 112 r s -~~.

I-3m -: ’ :  C l - i l  S s i c  i o n s - n  m u -  t i - - I  i i !  ‘,‘,u , m um u rnn— m el t t I  s i - l i n t  i - - F F — — t r , ’ : u t ,  - I  ariu b t u t u ’ S

1 7 —NF’hI 11 1100 ,mnd s- is t u - s t t - -. b In s i l t s - i t ,  r .  l I , i s  m , o e n i i l  h i d  a ‘. H - I , t

s - t r u ss of  1 5 3  P s i . Th e P a r i s — r i - n ,  u n - C u - u - h - p i t  i o n  -*- i ’ i t  c e l ’b ’ . — i - u n m r , - n n t  anu l

- - r u ’,’ b i t s-c g , u v c  t i l t ’ c I , ’ — t t ’ -~ t v - m i ’ ’ ’ - - - uP p r c - ’ l i u t c - I l i C e .

I b I k i N i - h i  ( RAI H :

m u .  k —  , ‘ : - - s - t l n  C i t  i S t - I , -  u m ’ ,’ t u j i a b l , - t , ’ r  b r ’ - ’ -  t b ~ n i ’ u i g I n  i’ r . t c k s  ea, C u  on b o x

, m n l u !  5 c Oil  I ‘ ‘ r  ‘ t n ,  t b i r , , i i e t i u  - r . u -  c u ,  i n  u n n u  , c ’t o’ , i n l l s  cud  h .  Hce  i-

l i m i t m - u l  p a t u b u r  - - n - F e  n - n t  t h e  c r - u -  v - . , - n i l ’ . m u m o r u m c , s - - s , - r  c ’ i s - u - S  C u t  ‘ l i e  k

m m  t - , l l c ’ t e m l  v - m i n i ’ s .  S h : i c e - - , j ’ u - - i t  i -  c r i c k  - , r  - - s t h m  - C . i t a  i n c  a v - u n  I i l - I t  .

m m i i i - , - - - ,  - - s b i , ’ t i l d  g i v e  t h u e  I t - c t  I n u i t t , m t  it-mu I t t  t c m  ‘sI~ i o l i  I: el  ~~~l 4 l i ~~ i t  i - f l  tm n id

m m l i —  C , ’ u i ’  i t - t : : F - - - - I . u p p h i c u u l - i e  ( u n  i i -  I n  b o x  C - u - inn . l i t ’ c nm p i ’ - t  e , i t i , m l ’ .’s-es-

a r t  (- ‘ m i t i m i d  i n  A~-~ ’ i - n i u l  i x  P .

- n , u  I I t hue bu ” x 1 , - a n t , : - , t lie I , n  r I s  -- n - n t u r d - u n ” m u m - n e  I I u t  s- t I i i ’  s u t - u  I 

l I v e n  t h e  s - b u i l t  t i r , c  o t  p r ’ - s - t h i  t h u : n b i , u ’ l u  I “ t , n , I i c t ,  i l ’  s l j i t t i t  1 ’ , l a s - l i t ’  - i  s : h i

I i i  t - i ,  t ua 1 I v , m m ’ i - t i n  n c - il , ‘1’ , m - j u t  m u ’  r h o ’  x 1’ i- I l l  , S L  - r i  I t s h t , - ’ , S s- I i p i t t  I v

s i  - n -,‘, n - - w l  h i .  ‘ Icn  :t t , u k c -  ~~i m n - p , m r  i s - o n u s . u t a h - n i l  , , ‘ n i — . t , u n t t  s I a n t S  ii  s o n ,-

u u l t t t ’ ” C  f o r  l os- , - r — h i u n n u u n d  ( c I , - w c r )  c n . i m  ~ — g ’ - w t  C ,  S u t ~~ i n ch 1 , - n ( C F ,  . i v i ’ r - i c m -  ‘1

l u-s i r— m d  t j j ’ o r — l u c i u u n i d  Su i t  , m .  h i t -c e - t i n t s  s c ?  ‘ I t o  u k , -  : F -  , —

d i i  t 1 , - n u n  us- I ng t l i t -  ‘ u n I s n , - t i m  r d u - , I n i ‘ I i  - I o u m  h u m s  ‘ c - u r n s  m m i i I ’ - i n n - :  s i n  i i  t I l t ’

‘ - m r  h h i  ‘‘ i t o  n u t  t i n - l i d ’ ’  : n , ’ , l c  1 t i n  I ’ ,  ‘x l ’ u - u t t ’  1 - F - ’  u I  t s ,m r . -  - - I l  ‘ 5 F F  i n :  b I g u m  m ’ s -

t l u r u n c u g hi  1 1. I h i -  u v e r a g i - v , t h u u i ’ i u  - , ut r t , ’ t ’~ I t o  - n  . - C  l i t  ito t - - m - i ’~ , i , ’k g n ’ - s t t

t u ’ r  u ’ t m c b u  u t  t h i t ’  l i i i  ‘ ‘, u t C i  u r a c ’k s .



Hi H liii H ~~ ‘N ‘m’ S i S  - ‘F  SI H I  \-  I 1-

I s - i n ,  I t ,  - n - t h I s  s - h i c k  l u - s t  ; ‘ n - t - u l i c ’ - I  t h u c  t h n l - : i t n i , — c n u i ~ k pr ’s-tb ,

r I on  F :ie il .ig :tin I or  - - m r  i i nn - I s  m u  i t  I - i l  C l , m s ’ - - . i n  box ( ‘u- un - nt  S

‘ - i ’  A; ’ l - m - n n ~
t 1 x  t i . b- - n  l n , n x  C - - in : : , C a v i n g  - i ’ , ’ r u g ’  i t e r i a l  c o n —

t I  i t t I s , I . e ‘ — t i - ?  l u s -  ,i’, i i [ , s - j s -  p ’ ’ - i l u t o ’ i  t t t t l u u r e  ‘ s i t b , i n  S ‘ t ’ r . o n t  o f  t h u

i i i  I j I t ’ . I , - - c u t l e r  s - i g n m i t  i m i t t 1 . ’ - c t  to r - r u - d i c  I L I n u s  wi - re shi ’ ’ s ’t u .

- I ’  I I  ‘N. - - 151- _ C ’

,\ :. ‘ t  - t~— h - ’ , ‘r t n - c t  i o n  an d c u j rncul tt i ’ , .-  I , m n - i , u , ’ ’ — , m n i , i I ’ -’s i s  c ’ m ~’ m i t m r  p r o g r am

*F- i- - i  - - P s os  u s - t i !  I , ’ d e n . e n n u l n m , -  t u r m -  • — i : ,i l i , m t i o n  per i ls f o r  b u i x  h t u i m s

s- . l a -  s t n ’ , - s-l. — - t r , u t l t  h i - t o r y  i t u e  :~~ ‘ t c n u  u - - . ‘s - i - . s - i n : i , t l t u t c d ,

‘t i  ; - n i n t - c t ii’s ot 1 , - i s - I c  ‘ i t o  r u - u s , s- t r e s s -  1 , - v t - I , , m n u , I  n o t ’  I ,  ce- ’::lo t r v .

I - u t p e  01 ‘ I u p i t ’  S t  I ‘ - t F t  I l u — I ’  -S le t I - ‘n i I i - t - r s- - s - i - - a s s - ’  u n it  - S ‘ - ‘r  t h i  -

i : . , u l ’ .’ s’ - s - .  1, i - S u n - i , i g e  m ’ - , u m ’ : i u l - u !  n - n i  a I m - - n u t  H l ’ ~ is

- l ,1 m

ii . ( ‘ :
~

-
~
) (5 )

i n ’  . -x p o r i : ’ ’ m i t - i l  t , - i l c s s - l ’ I i  - - n i ’ - t , i : t t s -

- t b ,  - -
Is I ‘c i ~~t r u n  t u — - i n - t ; ’ l  i t  i - i c  r u - e o n  - a l

-
, i s  1 : : ’ -  t , - - ; ‘ u t ~~~m i i - i : t p i l l . ’ T i  ‘eon - c , l - ‘. , l u .

n i l ’ t , m ’ I - n i ’ ’  - - i n  - s - I  c i :  t I , ’  - - i - - n u t — : ’ ,  I - i t  - - C  I i : :  u , - *  - n , - - i - t i - t i  u i n u  i t _ V . Sm - sd u 1 t - -

- - ‘ -  - it: u I - 
- ~‘- s  - i n -  ‘ -  ;‘ r , I i - I  t i n  ‘0 I ; ’ ’ ’ - ’ I i I ,

S’ r - -  - - : ~~ - c : u l r , u ’ i - n t  f - i -  t - - t s  H s t - n  - i i t e r t F l i n i c  I I  o r  t h e ’  i ’ . ’ - , i t ’ , t ’ , l

- , j t  i - i !  i - m s - -  - u - . - ’ l  i n n  n , - e r m- k — , ’ r u - s - t b i  - m i m i - ’ e s- . i t i h u l i ’  10 g i v c - , t h e  ; u , u t e h

- ‘ - “ ‘- ‘ n cs -  I - r  ‘ l u ’  ‘ - ‘ l i l y — ’  ‘ t n  n i - n t , n i h  r , m - - m n n l c , ut n id  ‘ — n t ’.’ I 1 mw: . ‘ I l l , -  K h u n

- i t t ’  I i ’  h - i n n  s - i s -  , I . - t . - r : t I n i . - ’ l , u u s l i i p  t - , , -  C c i i  l i w i t m g  - 5 i i i ’ t ’ ’ n u ’ , t n - ’ m n n

I + .‘ .
‘
.~~! 

( 9 )

= ( i t . IH 2 . ’ - . .  m /  ( 1 0 )

h u m -  vo I -  , ; - . - ‘ t  by  ii . I I I  I n u g w -  u u ’ I  : in td  ~~~. 
‘L i r I I n  a t  I C , ’ - I ’ . - m i t t - n  I n  .1 m u u n i  H 7b

I f )



—

I , m i 1 - , u  -P - o” C

K 1 4 (F  — I ) f q  ( I i ,

s I t u - r i -  0 = 

I ’  (
~~~ 0~1~3 7)  ‘ u , ~~~~ C i t ~ - ) • 1 )

I t  -‘ nm ‘ 1 t~ : , ‘  - - , m  t b i n - .  - i - p u . u  I I - n ,  - , W I l l  - n- - u ; p 1 I c  iN  I i -  , - i - i t t  p I I  - t C u t ’ - - -

s t i r  t - e — n I is p c -  ‘ t n - c -  t r ( u -s i s- g i v e n  h u m  ! , u t )  I e 11 . IF S I t t  F~ C ’ 2 . ) i n n  C - - F i ’ I l l l  I 1 1

f o r  t h u  m u l t ~~ u - n i . :  : u n u , C  , - , f I ’ e — c m u r n i - l . t  f l :m w - , g !’eu -s s - lFtl i l , i r  F - i ~~ o - u l c n u i a t - - ’l

l iv  E q , i - u t  j i l n i ’  ( ‘ i )  inS ( 1 0 ) .  i b u u  K f r  ‘ i t , -  - , l , ! v — c u r r - n t t t i  i - , n m u l  C n u , - - ’
I ,  - n - :: i n e - I  t ’ - ‘mu I - ‘ i t t  t on  ( 1 1  ) . l i i , -  I a t  t p i t . ’  — - t t ‘ - n . 1 k  . r u - h - u  I i i  - n n  i - F - r - i nn

C , c  , - i ’ n t c m - r v , m t  l v i i - ,- u ’ s - t i m i t i-d by  - i s  , ‘ i n : u j t i p  H , - 1 ’ , . \ K , o t  2 . 11 ~ - i s -  - ‘ - I - c t -S

Icr t h u  m ild , — ‘  ‘ m r- t i l t  f l - i ’s .

m t - u  ; t r m ~~C m c t c - -I i l t i ’  i s  - i t  na- I h- -c , i - l I t u i ~ - t , c ; - r u ’ d i i ’ i’ l : 1  i c - g n ’ - - s I l u

l i t  e - u n t i l  t h - 
~ 

r i d  u C l i - ui  i n  i t  i i t  j o n  h i  - 
‘ - m c’ I i C -  I c  I _‘ . I l i t -  I t i  i t  I i t  I - fl

n - c - I  i od I 5 a s -t n - t m 1 1 n -  - n u  ‘ I t t  - i )~u ’ ~ C I I i ’ ’  t o n - i  I ‘n - ’ 1 I .  ‘ ‘ - ‘ I  - i t  c I S . I — u ‘ n , i t t

i - c ’ n a , - . - ~ ,k nt , l I l i e  i t i e d  lo s t l i t  ~
- ( ) - - ‘  h r - i n t l . i ’ C u ’ t  c , i J  1 ‘~~ I i i  h e  I -

i - u ‘P la _ S I ’  -P S

A l  1 lois - u ’ . m n ~::. t , - - t e C l i i  1 1 - - C  - c t  cur e t x;’ t n - - m u  L in t  ‘i  t I - - - r l o s - I  gnu

l i t  m l  7 n O t )  F l I t  e n  n - i  7 .  5 - h ( ~ , ‘‘ c: I c  -

i g t l e  - m i i i  ‘e s m - . sC, ’s-.- l t i m :  : r i - e s — u  unn u , c :  t r a t  i - m t  C i ,  I t s  C n - ’rn

2 . . t i n . 7 c i t - I / o r  n - u ’ s i d m u c m l s - I  t im ’ , n - - m n , I i  m ’ 3 1  k s - i  s-c n ’  I ‘ - i ’ s - —, , m n : ‘ it

~ n - u - - l i m i t  f a i I t  r ,  m u  i - u ,u - 1 u  , , i  l i t -  - o x  C - u - ’ i t ’ : ’

3 . ( r i ’  k — y r - - s t  hi  . i n i . m I ’ e m ; ’ - s , l i c i n ~ ,’ 1 m u - i n -  ‘ - 1 - i - i t t  I r a -  l u r e  i, - u :  c r ’ .

s - I  ‘ ‘ w i - - C  i - u t  m i  i t  l i i i u 1 :mw- ,, (uti - u - I  , u n n  h i ’  I tn-i’ t I~ , ‘N : .  , , , u u i  hi ’ - i : ’ ’ , b 1 m m  ‘ n  ‘ - i  i t

l i i  l u r u -  I n i  t o  box I - i-tim,,- .

- ,  . 1h ir umcug bu— c r um ’ -k gn~ ’5’t I~ - , i t l  C e  u i c c : t u r - i t e l ’ ,’ p r i - d l o I ’ -d , n i :  I n c ( l i e  i r i s

u-l h m l t t t i o n  s - I t  Ii t i , .  h i  1 1 i -nbm ’r g r e t - u  r d m t  I ‘ ‘ m m  t t i c ’ i i m -  1 t or  i C u ’ -  R I—h b u t h n m m x  hi- inn-s-

and t I - i c  I ’ m r 1 s u ’~ F i . i  I I io u s _ i t  I t ’ ‘ n u t  I ‘ ‘ t  :ir ch ~i I I on i i m r  t i,’ 1 1 —  -
, I’ ll , ii i n  i- I I ‘c ape , l

box bea m.

I I



i _I —

S. l i i  c r u m ,  k — In  i t  l i t  i u i n m  p e r  loch , di t o  rm I nod b y n o t  e l i — d c  f o r m a t Ion

,u n a lv s e s , Is ~m s m a l l  p o r o o n t u g i -  ( 5 .  1 — p e r c e n t  u u v e r m p u ) of the t o tal pn - t-—

i l i  - t ed  h I I , -  - ‘ 1 c u t  I t  h~ -x h u’uu m

Ac:Kl ’NuWi !:ls;tf i - N T  S

Hue .i ,i t h u i ’ n s s - ’u ’ul d I Ike t o  thank M r .  S t u - v u -  2’ t - n F n , u u l e k  f r  n - e u  ~‘ r d i n p

c ’ n - , m c k — p r u ’ s - ’ t h n  mu u t s u r u , ’rn en t s , l ’fr .  1)on ~I. u r t t n  f t nr p e r f i n r r n i n g  t h u  t i m u t c h  m u l l  l v so s ,

, m n O t  C - C r .  1 . - C t  Ci ii Ci . I n n - ~u t i  I m a n a g e r , ann - I  M r .  N , m t  N i p p i  f r  p r o v i d i n g  - n —

- t m i ,  t i ’ - ,- ocnnnimt-nm t i n  t h e  n m - v ~~u ’s - ‘‘ I t h i -  r e p o r t .

1 .-‘



- ‘c l ’ I ’ C  N O E l - .

I A  I h O E  A N A I , Y  SE S

- u I i-u 1 u t  i - us C it  i t 1 t i  t - it m p i t e  - mu u , t I . - - c -  in - - ‘, he,mn t u- ~ 2 I h u n - - - i - n  - -, , li

- n I  n ih,’ 1’ . i l m g t m - n m - - M i u i c ’r c i i m u u i l t u t  j , ~ i , i F i , ~~ t h u -  n . , - n - i  c m -  , i - n i t , - S  n n  t N t - .

m ; ’ ; - , - : u i l  I~~ .

I .  h i  ‘1 b ’ :.-\M:- - 2 , 3 , . u : t I + b I n — i ’ ’  SIlO-N

l u i c k n e s s -  = OA i u m i ’ h u h  l I t  m n - : . i t e  s l r o n u , t t l i  = 1 01  v e i .

n ~I. m :. . 
P - i )  

‘C i n  ~~~ ~ ~‘p- u n  ~~~ 
‘
,~ i~

2 . I -~ Ii . i N )

- ‘ ,‘ i . n - 2  15 . - . 2 3 . 1 - 5  ‘,~~ 1 , ,

2 3 .  I c  — 2  1 . 1-5

3 ) . 1 - -  e 2 . 2 : u  , 7 . 7 S  5 . 5 5

3 ,~ , “Sm 2 7 .  7 5

C w . 7 -  1’n . MS 3 2 .  1. ’

( k s  i t  S I k s  i i  ni  / R u s -  P
n - r 

- -

I .  ~~~ i i ,  - i _ ’-_ u - I  I

7 .~ ’ - ’  I . 2 0 1 1 2

I I S . c’ I C- c

2 3 . 1 5  1~~~

.,() .  i ’  C - . i., -,

,. 7 m1 ~~~~~~ ‘m l

L i t  I ’ , ’ - i I : , , c .  - - i l e t  I - it i - - m u - . u , n - -u . , C c - i n - , ’-, .1 t m n t i l  I I n  ‘ - p m ’ . , t i  u n n

i - i l ,  I c I - t m ’ ~~ - , l  . m u u  - N - - i n . ’ - -  t ’ I F n - - i n  u -  1 . , R u - s - m i  I t s -  n t , i  u c ,u  n - i  i i i  - ‘  s t u n  i - C

m i - u t , h m  c c m u ” l i t I - - m ,  K I . , ’ - s - i l l  - i n s t  I i i l m u n e  i u i  5 1 ) 3 1  -- N u c l t n . m . , - \ u  n - i , u I  t i l l —

‘ m n - u ,  n - - r  l u , m x  - - u n : : -  - .‘ , i ’, u - i I s - e n ’  H C S n i  an d . 1 7 0  5 ’ m -  t r m , I c ’  ‘ ‘ ‘ ~~ 
IV e !\’ .

A r c l . m t  I t , n i ” I u U i  15 u - S t  2 1 1 . 1 , .  5 l e t s ’ s - n i  u _ i t r e t - , i , ’ n i c m ’ n i t r : i t  L ’ m u  m i d  I ,t ‘ c - t i -

m ’ * I I
- , t n t ’ :14 ’ t C u  i t I ’ i n - V t  L’s- , C i t  t m - - u ’  - p t . i l t t v  n 1 l u n g ,  f - - n  b b Y — ~~) )  i t o h  H I — I l l ) )

t ’ ’ - t e d  i n  su ’ , u s , t e n  ; s u e  I - i g ’ t t i  15 . A 2 11 - - p t - n e t - n t  , ic -c r u ’ , , - - u e  ( m e n  i : . c ’ ) i f l

* L . S .  : P m v , m l  b n n ~~u f l i - cr in iy , I x~ ’ t - n  i : : , . - u i t S t - u t  I - - t i , t F , I u u n t c - n  I n  n n t m ’ u u t  i - I - S ‘ I m )

17 8  ‘. u i / m  

‘-t .R . mn - h I-...I . ( z v n v u , i , “ b - h i t - u  t - - -n N u t -  P ’ - -  m e l  :~~u l t  ~~,t t t f

(N un r - ‘t ,  I on on I b u t ’  I i i ’  xu  r u m  1 1’ m t  i p i i ,  - 
~
‘ t - - 

~~~‘ n t i t  - - - t i~ t u t  - i s  I or h I ’ .tI I - p - m~ 0

‘, o h u i i ’ l e i - m , ” N. m’ ,’ i  I L n u g i u u i ’ i - u  , t m , m i u  n i l  ( N c -c l ’ 1 1 n 7 )

i - s



*
I - m l  - - - t u  s I - ‘ mn , :  I hi i I I h a l ’,” - ( cl -- i i i ’  i t - )  t h i t .’ t it I ,‘ , - - i t  m - . H i ,  n i  ‘L i  L u ‘ u nd  I —

i o ni  t t , n m s  i- .u c u l i t u - d  I - - n- h i u x  - u - m n -  I i t  3 . 7 ;  C - - n  N i x  ‘ - - i n ,  I , k 7 .

Km - s l c i :u i l  , t r c ’s ’ - u - s  c i t 10 , 15 , 10 , and  l I t  s’ , i  s- u -ri’ a s- s-t imed  n ’ r  i u u ’X i ’ m u r n s

m u - .1 3 , mc d t . t  j , O i c  I j~~u ’s s r ,  d, - n e r : : t i n u ’d . I : ,.’ r - - - . ’ m l t s  i n -c p r o s - c - n t .  -I in

1 , - t n , - ‘ - . 1 , - n i - s n , i u t i l  s - t n - u - - u  itt -t n - - : i n n - i l  C n C = 3 . l ’i - u r n -  10 P s i  or

bc ’ : : hu-a: :i I u n i t  10 ~, t , i f r  C ’’ - :~t Cs - tn ’ : :  3 .

( li :’ : t l u  1 . ’ e d u n - - m g i - c a l -  u t i , u t i , ’ n s  f o r  b u n s -  P u - i n n -  . i n ’  g i — .- u :: i n  P u b I c  15 ,

‘i s - id ,, nu S— C. c ’i rv , -s - tnt i - i -gun - 17. I_ _ mi  l ur i - I n- ; - n -’ ’ilt n - :ted t it n - - - r  1 i ’~ , h t N C

,— g ’ u - c n  r , u  t m u r  r. = 3 .  1~ ’ . R u ’ s  l ’ u ’ - u n : ,  -• I :c l i t - i l  a I I m  n h I l l) -,~~~~
, - t n - u .

A n - c h i t  i c ’ n u - N u i i’ i s  ~-s - t m h ]  i ’ H u u - ’,l De ts- ’ - c - n t  F - m a d  C ; u t i u t u i .  s n - n~ - t i , t n - l m  u m t

- e v c l m  - - Ion II ’n — s - O  n- - n - m d  i n  m m  i n  F i g u r ’  ~~~~~~~~~~~ H u t ’  m t , - t e b i o n - I  u o n t u l i —

i - :  :lc- u m s - n i - c r ’ ;  t n  t : , ~ o’ - :.t “ - u t :: t o  f u j i  i s  m ’ r , ’ , i t u : r i l l  in 10 , s - b u i c k  i s

- u n - u - , ,  I i s - I  i’:

Rm ’ -~ i - : : ’ , m i s - I n - i - s - s m - s  - - C  10 , 1 ( 1 , I C ) , and 35 k s - i  i i i ’ ,’ , -  h -  - t n  i - , : u l n : F - - - - I  i n  t l u c -

- t .  i n c - c : : , i : n - i  t : u ~ r t - s u l t - , a r c  - - r m - - .en tn - ’ d i n  b i ~ - - i n i - 1’~ . An u i s - s u m m : c -S n e c i d u a l

s- I r i s i t :  33  Psi s i t u  1 = 3 . 25 w n l l  pri ’n - I i c t  t m i l l u r c -  i n n  box 1 , - i::: - .

1. i i ’ ., 51 ’S-C ,, } L’ n ’ — l  Is S l I K I .

‘ b u i e P n m i - ~ ,s = ‘ u . 3 7 5  i n n -- l u ; I_ i t  i m a t e  s - t n - - u N t i l  - . 5 . 1  k s - i .

( P c - m i )  - (ksl) ( ‘m c i i )  - ‘  k s - i )
i i  P u  ,- , 

- 
P i n  - 1 1 - 11 

- - 
,-~ l t  

-

0- . . - - I ) .  (i t )  
~

- - - - —

- . , • . 713 2 1 . 15  1’ . .13 7 . N C

3 3, , . ,-
~ - C e . .5

1 1 1  5 1 .  .1 - ‘ i 3  • 3 .  ‘ - 7  5 . , -
+

I c l . - m 1 5  - ,  L ( n 7

I ss- P 1 . 0  + + 0 .  ~-5 50 . N h  1 ’ ’ . 5

*
I’ , -r - - - , n u v m -  r - - it u - , n i w i thu M n  . I ) .  I ) .  N t  1 1~ - r , Roe i n n ~’ N -- n inn , nmus

i) ‘ i - I  t i p  (.mu

I - 1 - r u ss , ~1 . R .  and I I .  C .  E l I  J n m g h i t m u u n t c ’ n , “ Inve st l i t - it  l u m n u ’ S  I l i e  b u t  i O n i c ’

‘ r ’ ’ p i ’ r t  i t - s  ‘ ‘ I  C i m b ’ t t i , i n - i n t ’  h u l l  S t i t - I s , U .S. N a v u l  I n g m m i . - u - n i t i g  I - x ; m m ’ r l m e n t

t t - i t  1 m m , R & l) I-t i ; u n i n  t 910  178 , S’— RI) ) ) i” -0 1 01 ( l h  Aug 1 ’ ) i , t ) )

h ’~



- ( r n  j )  S I r n )  n/ B 1 ” c~in r

N . i 3  I . iN 5-~

1 1.  51) 2 5 .0 0  31

15. ’’? i i .  - I - -  1 1 1 3

1. C .  ‘‘ I

u . . i t - 4  I,’) . 3

1 1 .  25 ‘7 .  31

I u u : ’ u t m  i t  lvi - u i i n - u ’ i~~ ’ ’ , . i l c u l u m t  I. n u n , b u , i t , e u l  on : 3 o i - i - u 1: N — N  d a t , u  C . = 3 . 1 3  on
* 1 3  - - +

1 - i p u r i ’ 20 , ‘ , u r m -  p n i - - -~~- i t t i ’d t n i  n i b I , ’  ~~~- . -‘ - m i l u n i -  s-’~~- ; - r e - u i e t u - -i u : u  • ‘ I

n p i - c t  n - - i  c o m p m n c - - l t o  m N )  u i - I  t r a  I , ,  ,i c tu t il C , u i i u r e .

I- - , t  i gu e  s t n m - n i y t l i  i t  I - ,’ c~ - , l o s -  i s  rc l..to ,h C ’ ’  s t r c - , s — c c m U ,  e n : t r t i t i  m n

t , i e t , m r  I - - n  i l — i  N I  o v e i c I  i n n  s , + l t w : u t , - r  in  l ’ i c u r u  1 1.  A ,~ t r u - s - s -  c u ’ n i c c - n t r - u I  n on

- n  2 . ~. s - - i - - - i c - I , ’ r : : : i n c ’ l  t s r  l i i ’ s - ,  - ‘ - u : : .  5 .

b .  i - - iS ’  S A N  P H I— l i t )  S i b . } - .l

i 1 , I u : P t n m - ’ : s -  = ( 1 .  3 7 5  i n u b i ;  t ’ i l I t n - , i t c  s tr i’ n m: tl t 15.: . k s - i .

-a P s i )  t~ - k-25 ) c , ( c i )  - 
- ‘ P - - m i )

u n - m x  P i n t  P’ - , m n ,  .-\

1 3 1 . -SN P 110

- 
1 i 4 ,  u -  2 7  . 11 )  1 3 .  Sc ‘ - . 7,13

3 1 . 1 3 1 3  _ 3 ) ~~s5 - — — -.-

3 1  1 .5 . ) ,  / 3, ’ . ~5 .0. - ‘ -  5 . 11

/ 7 . 0 1 • - n . ‘
~~

I 15 5) , . 1 1 .  , ‘ i . .
‘ . .‘ -i

N u r i n u -  C n i p  i n c i - . - r i n i ’, l . u b m i ’ m , m t ’ m r v . 1 m m t i l n , i t m - r  I’ r i n u - - - , n  M I - i, N~ 5 / t -  , - 4 1 0 / ’ - ’- .

1 t
h I ’ , i l n m m t i , m i u l I c s - , i n c u m r p i m n t i t t - l , “ R . R .  C ’ I , ’ , ’r u ’ l” , u t  i gilo I ) t m t , m  I m r  H I — i  30

S t  i - e l , ‘ I t - s t  I r i ’ j , i c u u  n- = 1101 , 01 ) 1) ( C M , ” ( [‘0,  n )

I 
I~ -r , 1). I i . , ” Ib ~- c i r u ’  I I l l  N - m t  or  h a l  I n - - u  lu ,u t I i ’ n u — Has -i’ N , t m  I ( , ~ ( ‘ n i t  ed

N i t  - m  I )  I i t  l , ’ u i .  - ,un d  1: 1 - m ‘ t u t  u -  0 t t i m !  I t - n ,  , ‘‘ H u n t ’ I ii~t, I l i u m  t i n t - n t  1) 150— 1 1° ’—
( N , m v  1 9 1 - . ) .

I S



( P s i ) 13 ( P - i )  tn /B I m ’ o k
in r

13 . 7. ’ 17 . - + - .  5 4 /,

1 1. 0 5  1 2 . 1 0  1 1 2

1 3 .  7 1)  2 7 .  5 ’ ’ 1 b s -~

3 1 . 1313 u , 7  p

l i  .1- - i m N . 3- 13 3

2 1 . 5 13 /+ 3 . I P  1

t. i n - n u t l  a t  l v i ’  - h i  : 1 - c c m l  c u I , u~ 1 1 m m , I ’ u c n od on I ) i ’e i n g  S — N  :I ;m tt u K . 1 3 ‘ I f

F t , ’ i n - -  21 - i r e  p t i - n i ’ n m t t . - d  iii l t u l u 1 ~ - 1 7 .  F a i l u re  was- i n r i . c i i e t e d  in 50 , 1 3 7 3

s - ; - e e t  r u . s l u l  I c -  t h e  m u ’ t u ,H  t u i l n u r u  ‘c c n i r r e d  t u f t e r  2 1  + m~ s p e c t r u m .

F - u t  1 - u t , - st  r e : n g t  Cu i t  10~ eve  l u - s  i s  n -c l a t  i _ il t o  I b~ m ’ n t  r i -s - s -— -oncen trat ion

t m  t s r  t s r  I l l — I  3 ) )  o’vc  I ’ ’ ’  i n n  a i r  i n  l i g m i r t - 23 .  A s t r e s - - - m — , , i n c c n t r a t i n u n  f a c t o r

7 . 7  s-- i — _ i t -  n~’ n n:t no- d t u — r  bot - : - u - in  u i .

- ( i - n  I - m u u ;t  r t .-s o f  10 , 20 , 25 , t i nS 30 k s - i  s- u - r i ’  a s - s t u n -i - f  in  I ic box

- c- i , - n t u , I  r e s - c i l t s  h ia v i u  - ‘ ‘en  - c u ’ s - mm in  F’i g u i r . -  .1-5 . Ann ,u s sum e d  r i - - m i d m u a l, s - t n - u- s - s

m ) :  II s- i -. i n n :  m 0 1 . I i  s - - i l l  pni- c l i C I  C i i  l u r u - j u n box  hi -am

- . . R i : ~: B E ’, ” 7 - 1 7 —  .L’I l  o.’~ 1100 S ’L \ I N I . I - ; S N  STEE l .

l u i - P ‘ -s- s = (3 . 3 1 1 5 h u n -- h ;  m l t  i mn u t u -  - u t  r m ’ m n g t b i  = I 10 k s - i  -

( P si )  - ( k s - I )  ( k - -t i )  ( k s - i )
N i x  ‘- l i n t 

— — 
N , - t u n i  

- - 
1 1t

1 ,  7 u  0.00

32.1 5 2 1 . - . )  , ‘)  . / ‘I  5 .  30

I ‘ u - . 70 — 2 1 , . 10 — — — — —  — — —  - —

5’ 1 5 .  l , h  31 • i ) K  I n . +1

I N i ) . ~~l

I I-S - ‘.5 20 . 113 3 7 .  b l m  7 .

(Psi) S (k n ; u )  n / I l ) - - -  ‘m’n r

. 81 1 I . S m l  5’’,

8. m i I  1 7 . 11 3 1 1

I t ) . N I 2 1  . 6 1 1~1

I l , . 7s ‘, I . SM I

22 . (I/ u -‘,~~.. s 3

I 1,~ i 3 1 . ou j I

i i ’



Cunn n u lot I s - c -  d ;irn a~- u- ~ - ~
-i l e n u l  t m t I - n i ’  w e r ’ - C , u - ’-- - - I u n  t i m e  Boo l u g  t , itmn ’ -I ’u ru v

c c n n n p i l t i i u l n  c C  - i l l  , u v ; i j l t i h l c -  1 7 — - 4 b ’ b b  s - t t u i n h m ’ ’ t s  s - t m - c l  data.~ F i g u r m -  15

‘ - l i t  - t h , i -  n e l t l t c ’ l i s - I m H ’  h i t s - - i - n i  s - t r e s s - — n - , - n c  i - n , I r . u t  i o n  I - m e t - - n - m id f t i t h u ’,t n - -

s - t n m - c i - t l i  t m t  1 ’ (~ cvi li’s - - i s -  n - Ic’- , I - - t m - I  i n  b / c t ’  rc - : u - - 5. S I  r i ’ s - c  C u ’ : : - - -  n u t  r , u t ~~ ’ u n e

cC I , I .  m m d  s- n ’  u - - - i n - u ’  S f o r  : -  - : ~: h~~~u t :  7 , i n t ’ l  C , u l m ’U l l i t  I o n s  r i -  p e r —

t c - r : ’ e i  C :ms - m-d - n t  F i p n t u m  , 1 L I u ! ’ - - u g : i  lit , r.~-s-~’ u - ct  i - e l y .  l i i  r e sults m n - C  p r i  --

si- n t - I  i n n  ‘l i u l ’ l i - l b . A 3 .  • s - i - n - c l d  , : a n - t~ l , ,- I m i l u n i -  ( 3 0 5 1  S p e c t ra )  in  box

l e a r n  /

1 - u -  ~~~~~~~ s t r c u s~~u - s o f  5 u n t i l  i t )  s - s - I  s - i - r i ’  , i - m s t n n - ’ - U  t ‘r r - 3 f u r  huc.: 5 i - :u n ~:

7 , t u n m i  tNt’ i u l c u l a t e d  l i t ’s -  s-- u - r e  ‘3 1133 and I i ’ s s - p e c t r i , r i- --i p c - u  t i n - s ’ ) ’.. An

u i s su n n n i - d  r e s i d u a l  s t r u - n , s u t  I t  s - s j  s - i l l  ‘ r e - h i m  t f . u i l u r o  in  b u s -  ~ e .u n:t 7 .

5 .  s - i : - :  S A P  S — 17 — 5 1 0 1  Fl 1100 S I A I N I , L , N s N H - S - i ,

i l i l -  k m u i - n-u s- (3 ,  3 ) 1 5  i n ’ l n ;  U l t l u n u , i t e  s - tr i -ngt l u = 1 -s Psi.

‘
~~~ 

( k s - i t  ‘
, - 

( ks - i )  ‘ (ks-i ) -
- ( k s - i )

n - i x  
- 

It nu - h u n  
- - 

,~ 1 I

( 5 . 75 0. 1)0

5 + - .  ‘, I . ’ CC 18 . , ,  1 ’,. 7 ” 7 . 15

3 5 .  7 ”  — 3 5 . 7 5

I I I  . 35 14 . 2 3  .1 . 7 ’)  13 , n )

I -~ l . 25 .: .7s

I I ‘
~ 

-
‘ 

N 8 I - c 
- ‘7  - ‘-u - • . 07

( P s l )  S ( P s i )  n m / H l m m i ’k
a — -

l b -- N

1 1 . 1 - .  1~~~4

I ‘ - . n~ - - • . - I

1 5 . 7 ’  7 1 .  m C i  -

1.  ( 1

St r i - n-m u~ c n n ,  m a i n - r u t  j m ’ n i u m t  .1 un it! I -.~
- m y e  , i - ~- - , ” lc .1 n -s - - - i nc -13 , and

O h  1’  i l  - it i i n n s -  s- m n  c -  (nc r 1, ’ t i n ,  - 1  In t i nc-S c u l t  F’ i .  - - ‘ s  -o i l  . , n i’ -,;’ . • t lvi- l v .

l h m u ’  n , ’ - ; - i l t s , , r c - : t t ’ n t u - d  m u  l . i h u l ’ - I~~ , i u u i l j c ’ , i t ,  , , c l I  - n i - d i c - t  f a i l u r e

in l i i ’ s -  C o - m m  8 ( 1 2 2 0  - ,~, u - t  in - i

1 7



A 1’I’J,Ni)IX B

SIR FAt L--Fl~\W ,‘c C , u \  113013

S u r ; u u  u — f  i ,-~n u u 1 v - l i - s  s-- e n - u  pi’r l c n m : : u ’ - tt m , n r  c i i  I i  b i n s- - c - mn:  i m s I n n 1 -, v . m r i u - u s

i t  n ‘ m  I I 1- i s - ’  s I / u s -  : m n m d  n n nu -d .- 1 u - ~ 
m m , u  t I - - m i s -  . I n  i t  Lu I I is’ s- s - - n

_
u - b ’:ici ’d , u n m  t h u . ’

tn : i n j u n u t t : :  n-l~~t i - e t - u - I c -  i r i P  C u r  t b ~, f - - I  c s - i n n )  n n m ’ n u c l c ’ - u t r n - m i t i v i - lo s - n - l i t , :

i-u : bun t  i u i ~ i u ’ s-

- t n r e n t

2 .  l i t  n - i s - n t  l o s -

3 .  ). -k . i v

I _ _ i -  I n  1 , m s -  s - _ m s  - u : l , u  t v _ i - - ’ ,  s - - t i l t  C _ _ i t _ i s -  m u d  f u u r n t u : u n n  c~~u m u t  i - i n n s , h u , t C :  m u - t m n ’ - i c - uJ a nd

S u n  c i  r u l e - C .  h i u  pl’ i u ’ - t,- s-s- ~ r- u ’ i  ed 12 n r C  i c t  i n n s -  f o r  L i n n - o — : , ’ — f u i l u n i

- I r -  m u i s  1 1 1 ‘m n I - :: m ’ c u u g ln e n a  P ) I , - t , - , m  - - I t Ocx ‘ u - n m . l i t  - I i- I I )  ‘ n •  -s- - , r i  - - m u  I t s in -

t i - n u t s  i m i  n u m b - - n ’ ‘ - t  I - i d h i ’ ’ ,  ks i i ,  t t m i l n - u r i - . u n  ‘I’ m h i ~ - 21 t I n ’ -  m i l l - i  H is-’ — ,

. i S n - l  , : : - ‘c e l s-  u n - u ’, i  n o r  c : u e l u  t m n a  i n - s - i s  till5 h tnx t n t - - m n : :  m r ~~- n - i n - r i ’u t  f - - n  c 1 , - s e n n e s s -  - ‘ t

- - u f i c t,  j u n - n  t , u  C i r s - I  I ; m i l , , i r c - . A n i t u 1 ’ .’s - i ’ s - ) - i n~~ - - r n u n e d  t u s i n : ~ t i m e  F t - r n - n - i n n  c - l b s - u t  i - n i

I s - n - -  t m  n- n -  In s - C u - n  or l i t  e . TN is is- - -  i u i s ~-d b’,n n - l i e n - i _ u  - n -  I tv o f  l i i i  : -  - c d t  i n n

I C : ’  s - m i- i t ru n t , li i’.- lug ,u i i  ( C u — s  t r r ; u t  u - ‘ R . in I h i -  u ’ n : : : , i n  o qu a t  1-  ni  I u - n

P p t - - s -u i , h u i p t i ~ - n  i - I — v , u l u e  l , ’ - i d : ,  p t - ’ u h i i u  c ’ lu b i t h u e r  c n m ~~k — p r , - s - t 1 u  rum ’ - - t o n -

t i c -  n, . : : : - s - t n - i - s s — n n n t e ’ n s i t  -
- n’ - u n e m - . I m i s -  u ’ ’ ) ’ t i t  I u ’ : t  i s  C n , is c- , 1 ‘ ‘n i. -- m m

s - t r c - s - — i n u t - n i - i 1-; r .u l n pe m m i i i  0- - c ’ - - n i - - f  S c p e  m i d  u m n n  m u -  R .

O n - u - P - n - - s - I : ,  - I a t : i  i i s - t~d w i - n  e n q - p ’ r , u , , u n n i l  I t u s h -n ,-, n, - s - tl u U . i I , , . ,\

- ‘ n m ;, t -
, s - m s  uj n - , c ’ d  t m  , i l e u l t i n ,  t I n e  c o n n s - t . m n u t s  t i - - i ’d i n  t l u i -  e t i k — p n - - s t ’

- - - - 1  3 m u .  5 , , -  C C ’ :’ — MO u i n u ’ t  111— I 3 , 1 , c r , m c k — , : n u - s - t l u  n u t ’ s -  u n ’  s ln ’w i u  i n  C i t : u m n i ’ s

i n t ’ l  30 . (Irt u ’ r - - n u m w m : d t i t , m  I -  n I n - N ’ ’  nd 111- 1 3( 1 i n n  . u i n  
1 )  

a n u S  I l l — i  N i  - l i t , ,

nu i i i  I ’ ,;., - m 
l~ s’ n - c  i u l ,  : 1  ned n - n:, . 1 3 .  St  c c ’ l  . \‘i’rv I i-s u l u t u  i r e  m s - u  i I u t i l e

t i n -  b i t - N t )  i n  s , i l t ’ .,’ - u t u ’ r .  A n t  - m s - s - u n i t ”  m , m t c  s- m s  e m l n - , i i , u t u ’ u i  by  s i , i l  i n t o — i n ) ’  t b u i ’

f m — s - l i  H r  - i m t , i  In ’,- I h i  ::c r u t  Iu ’ is - t i m ’ 1 ( 1 — 1  1 ) )  - n i c P ~~, n - ’ s - t l ,  n , i I ~ l i n e n - -ms - i’d

1 ‘ b i . i r : , u - n n i , .J . l-I . c i m l  , “ h i t  t n t u u m ’ — ( r u ’  k h r - - u i -c i t i , m m i  l u  bh i n : C n  5 ’ i , ’ l u l - - S t r ~~u i , ’ t t
(H i - m i s , ” I n u ~’ i : i u ’ i ’ n  h ug  E r m ’  t u r m -  M m - - I , - u n I ’  :t , \‘. m l  1, p p .  3 0 1 —  3 1 7  ( 1 . 7 : ) .

‘h / c r  sum , .1 .:-1 . . - t - m 1 . , “Pu n ru n, l i m i t — I  - it I p m  n’ m - I n . u ’  P I’ r u m p u -. . i t j u n 1 1  t / m - 1, ’ s -
I n  }-‘ou r  b 3 i ~ - l u - ~Y i u ’ I d — S i , r t - u n ~~t 3 i  S t c ’c l s - , ” l i u j t u u I  S t , , t  en t / t , ’c i , l ’ n o ) t ”  I

(‘19. 1) 2 1— 01 / , ( 3 )  1 ! - ’. l i i i: 1 0 1 0 )

1 9
WhZln.D1 NO PAGE biJ1’~(-Z~OT Fl £s~~.L~

— -~~~~~--



a ir t n  s ,1 1 1 s - ,u t o r  - bH gt i r i ’  31 : , h u u n w s -  c r i c k - - p ros- n h r u I n  m u :  for 17— •P H .

A n  p -  - : t — i u x v p ’ - n i  :iu 1 t , H 105 ( 1  d a t a  C n n - n m 13~~I l ~ ‘ S i n - - u i  Ri -’., ’ ur - Ii ) , . m h o r : m t u n r v )  W i - r i
1 5,

m m — i - u t  - u ’r l’iux h- i - in - : 7 .  V :m n -’uum mn-- i t l b 1050 d m 1 - u , a l s o  C n i t:: P 1 3 1 . ,  s-- u - r u -  u s - c d

• u :  : — ‘ - :‘, f u u  i t : :  -s- -

I n n  1 5 — N u t  b u n s -  ‘ m in t s- I t b i r , ’ t t 1 - t :  -m . t h u  u i I r - u  ‘ ‘ m i i i  :- u u m r t u - e f l - m w  s- -hI t the

Fi ’ n n : i , i u u  c u n n r e t , c n I . ’ nt i ’ ’ ) u i a h i on p t  ,1 ’ : m d  tlm i ’ c I c u - u ’ ’~ t - n  u - S i -  t m - - n i .  i ) t u , e t  c u m h j —

: n , i t i - - nn m-i g i n - - c- U s - c - s  U n i t  s - i - r u -  m u c h  g r u n t e r  t b u u n n  l l u ~ , u u  h u n , i l  I I C c .  T h i s  m ‘ - o l d

u t ’  Un -mi’ n - c ’  t n ~~ b - r c - s - m - n n i - i- - ‘ t  - m  l i — p e r  i n t l  t i u i l C 1 m w  s - t , : e  t I t a n  t i
_
lil t tissumem i - ‘r

t i ~u I s - c  c r - i - - P — o n - - s - n - : ,  n - ito : , h i - m i n t  - n i - t m t , ’ r  t h , i n i  I t ’ s - i ’  r u - : r - - , , - n t c -d  ~ v - l , m t t i .

S i  n t -  c - t e  c n ,i - c r - ‘s-n- N - I - i t s  us-i-S t n - n  c:u l c i .u l i t ’  - I C u , ’  n u i t  , r i i  i i n u n n s  n- m I l l s -  s - - n e

u n ; - ~ - m ’ r - ’ - m ’ un : n n - l ( t . i s t m - r — g n - ’ s - t i i )  d a t a , Itt i’ u n n t i m u:ne d i n i t i a l  1 1 m w  s - I / c  was -  n i u u — ,t

C iU ’ l ’~’ i n  c - m r .

i I . c  edd ’, — n , : r r m - u n n -  t 1, u s  m u d  n - b , e  I’ m n t s -  c - q u t u L  l u n u  a n n u l s - s - u s  h i ’s- I  ~i r c  u l i u : t u - d

- - I  H I — I  3 ( 3 n , u , t . ~ ‘e m - i s  5 i n n S  6. Eq n -u t u tio ins u s - i n u c  t i l e  r ’ - t a r ’ I i t  i i n n

- I t  ‘r b - n - - I , u ,  ed t : . e  c l , s - - u o s t  p r o n - i i c t i i u n n  f o r  b u , ’ x  C c - t i m 5 in stml tw a t -r , wh i l u -

m s - J u g  I l u c -  u f l r u ’  t m  r d , - u b  
~~ 

rame t c r  gui — nm- i ~u ~ n - i -I i~ i L i c m i ’ Nw., I - ‘ ‘ .~ i u i  IS

i - u t O  H r .  i S l e  21 sb i ’ ’ w s  t h a t  t b - - , m - d d v — n - - n - u r r c - t n t  1 1 m w  with tic- l u m n t s

‘p~~m~ i - u n is - b c-st C ‘n p n u - d  t o t  lu g  t h e  l i i , ’  ci huu x tue - ti m 5. I n  box - u - u n  S

I i  i n - ) ,  b - - m r  i s  m m m u r ’ ’ n - : m r n h i - d mud I- ’, i r n u u u nn r i-it ur cli ’d c - 5 ’ n u t  - ‘ru s in  u,’ o m h j t n - u t  1 0 1 1  w i t  in

- - n t : ’  i n n  c d d ’ ; — e n u r r e n u t  m n r  - m u n  , , — n ,v  I l tm w n o,Iim , u -  c : i m u t - ; ’. ’ r e s u l t s .

b/u n.t beam 1 s - i s  c , , u s t r u m u  ted ‘ n  voucuunn m m l i , l 7 — - . l ’ b b . d i r - i n - i n - -  - i ~~~-~1

s- ! I .  S i n n n - n - -  p 1 0 0 1  l i - t I 1 ;  nncn m - r - i , k — + ’ r - ’ s ’ t l u  S i t , :  ‘ - t - , l s t  I u s  h e . m t  t t ’ c - i t —

- - ‘  : t  - I 1 7 -  - . i Ih  , i n i I u ~n i — o : . : ’ ; p e m i  n , ,  l t  H 1 ( 1511  w : m ,s- i - - - ” I  t ’ ’  t - :  u ‘-- -‘ -li t 1 h is - C x

in: ,. N ’ i t  n ,  n n , m tori tu ls h u n - c  ,u I t m u r iv l u ’ s ’  I n t i c  t iur c- t m - n t - C  m u , ’ - - , e c m nu~- , m -~l s - n t  ii

- t I m e r h u e - m t  t r m - i n : ’ : , - n u l s - .  I ’ s - i m p  t i u m ’ ’ ,c c n , i  H- , t r - ’ w t  ii . 1 - u t , i  t m  d,, n i ’~~- m a t -  n i . i l

- cn ust ant s - , - -  J-’ u t r t t n u n ,  r c n , m r d m - d  n : u c , n - I e l  w o r k :  s - - l i  s - i  t h u  c i t  ‘ - u  u i  SLr:mv or -iii

i - - I d , ’ — ,  i n - r i - n u t  I 1 m w  n -  p n u - i l  j u  t l i i i ’ .

1 i r i m u n k  - - r , . W . , “ 3 . 1  I m e t  mm ! 1 1 , - u t  I i u - - i t t : , ’  - m u  t on P c i  n- i ’  - - l m m i i —  I - - u t  t g u m ’ Cr i c k
i r m m w t h u , ’’ l iii - l o s - t i r e  t , u  S R I ,  l i t  f i r  S ) K - , — ’(5 ( 1 1 + ) .

r ’ m ’ uk .- r , T. V ,  et  a l  . , “ In n ! I m m - m n ,  v m l  I - x 3 n e ’ r I n f l i l n I t u l  F , m , u ctr s u ’nm (,u rn i ’n ton i-

- m t t p m i i ’  ‘ n - m i  k — m r u w t l u  R a t e  C l i i i  u i - ( e r i i t , m t  I c u i m  i n  I 1— - ’ , b ’ b l  S t  c ” - l  ,
“ b / u - p o r t  u ’ I

S i-tI , Pr - ‘pr t ’ss- , 3)3) . 2 — .‘ I t M _ u i  I ‘ i / o  I
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\‘tw -m rum—mt-l t , solution—treated and aged , 17—41’H H 1100 s t ee l  was n-use -i

C 10 ‘ u ’ s - t i  r u c t  box  beam M , s-h, ! cii was cvr led In s-ui itwater . Hut - Par t s  r e t a r d u - m i

- c-quat lon model , u s - f l i p  e i t h e r  an e d d y — c u r r e n t  or an X — r a y  f l a w  g-’l n-’e the he~~t

l i f t - — d u r a t i o n  p r e u l i c t i o n s .
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- - c : : ,  1 . b - - n r  c ’ n: : l u , u r i n u m : n , :m t , u t  u - r i - i l ‘ n - u  P — , -, m - ‘s-- t t i  - ‘ u u i s t - m : n t  s - c : .  u , c I u t  m l

C n n m n n t  l : - s ’  n — C ’ - u n : , i  ( s - 1 - - s - . ’ r )  , ‘ n i ’ s - ’ h i  u i i t , u  m m m l t h e  i n - u r i c ,  - : ‘ s - u - I  m : m , I  u~ ’p m ’r ’

u ’ u i , n u l  i i  - it - u . C - , ,  i c  n t i s - I  - i n :  t s - s - c  n -c t N c s - u ’  i t  : m ” u , u ~ ‘ : c  - p m  -~ ! I u I - - ‘nn I

t i n  u ’ u u ( ’ i u  , r a e  On ’  w i t  hi  t ‘ i i  - ‘ i r t - - n ‘ t - m n  , t m - d  n t i s - I t -  1 ‘ - - n t i - u : - , - u  i : : t - ~ ) - m u - h  u ut , l I C u e

‘ u n i - m u m  i t - u n - I ’ d tn - ’ I ’ I m s I - ‘y  I - t i n ’ :  1 .  - H ’ n ‘ - - t u u l  ( 5  - ‘ 1 t C i m ’~~ u , m i u , i  lvs - c-s In . ’, ,

i - t n - l u ’ s - n t  m m I m g i i n u  - - I t )  t C : n , m u m i , l i  I I . ( . n  u P g n - - s - t  - i - - n  - i  i i  u - r  i t s -  ‘ f  p ’ ’,-

- i t - m j~~’ in , t - - I s- tu n t - - n ‘-d w i t  N n i i , -  I i  w ’ - m — - i n t ’ l  im ~ ’p c u h~ c n i u n i c t  i l , m t  - i . H i~ - - un - - u - r u cu -

vs I i i ’  s m - - t ’ ~ m - i ’ I m ’ s - u ’~, m i n  n ‘ - I c- t i t !  ~‘ t but - - ii t u m - u I i n - m - ‘P - m ’ - ‘s- C i i  C o n  e - u h i  • ‘ C  t ui -

o u r  i b m  m c u u i g l i  ‘ r u m -  ‘
~ - -
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W~~~.L)lNG 
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l , m c k — n - t n - - ’ ,,’ t h u  , t , m t , i  i s - i -S t c m n -  l i m w c ’ r — b o m u n i d  l i t -s w e - r u -  oh t  m i m I u -J f r -n: :

u , ( )  
F l ’ , t n m ’  n m  - h i s-s 311—I  31) in  - u l r ;  b - ’ I g u t n - i - s- 3;’ and  b- ~ s-l i ’s- }IY - 13 0

u : n I  U - - I ’ l l , ru - s p u n i ’ m - I s- . i n  s - m l t w - m t m - r .

r - u - n k c r , ‘t. N .  i t  , i i . ,  “ I t  t m - c t - , f l i ’ t u u h i i i g  C ’ , u r . u m u c t  m r - ’ c ’n h u t  i pi uc’ —
- n a u k  ‘ - r ’ u s - ’ t , ti i i i  IPi ’ — 1 01 S t t ’ m ’ I  , ‘‘ N R I . ~-1 ‘ ‘ u i - - n  t u n c t r n n n  N u - ; ’ , ’ n t  . M _ I  ( S tun l ’~ i- ~ )

I . W .  m d  W . R .  t u t u - t , , “,‘\l b . x p l u ’ r n i t - u m v  I l ) n - ’ u - ’ t t j u t u t i u m l i  ‘ 1
, ‘ - r r u m s I o i i — l - . u t i p m i m -  Cr u c  P Pr ’s-i Ii  I~~ I l l — i  I i )  l C , u n -,c I ’ I , m t i ’ . ” N R I .  M t - n u n , i u u c t u m
i - m ’ ; ’ u r ’  I. .‘ ~~~~ ( ( I i  t 1 ‘ I l  3)
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it p l m m r — t u e U ’ t n l  c r -  k — ,- r - ’ S I  hi u i _ i n - _ i  s I n - - s - - n- - u I j u n  m o n - u - - i - - c -  is-s-u ’; C rum I I t o  t i e C  i i i
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‘IABLE 16 — CUMULATIVE DAMA G E CALCULAT I ONS FOR
BOX BEAM 5

Stri-ss ‘ I I Y— i 3 ( 1
Range Boeing
(ksi) n K

~
_3.13 n/N

19.50 544 LOS i06 0.000518

25.00  312 
- 

4. 6 / 10~ 0 .000678

31.34 1138 2.2 x 0.000627

72. 96 1 1.3 m 0 . 0 0 0 0 7 6 9  
C

65.56 3 1.5 — 1O4 
0.000200

47.31 1 5.8 1O~ 0.0000172__— -~~~~~--_ _

0 .0 0 2 1 1 7 7 9 3

Spectra to Failure 472

Note: See Figure 20 for S—N (Curves.

T-\ l ) l I ,  17 - - -  ( C C ’ M l l , \ ’I 1 VE I)A50\CF S A I c C ’L A ’ I  I ‘155 FOR
13’ X 11 1- A M N

— -

St  r o s s  ~
- I I Y— 1 3 ) I

k a r u ~~i- B o e i n m g  C
(k s- i )  - F-, — 3 .  13 C m i / N

- . - - - -
~~~~~~

- - -- - - 5 - -

1 7 .4 4  544 l O ~

2 2 .  10 3 12 - - 11)  -

27 .4 1)  138 -

07 . / 6  
- 

1 1.1 l0~ ‘i . ) 0l 1 - 10 ’>

) Y .  38 3 -~ -‘~ 
- 10 ’ I 7 . 5 ‘ 10 ’

~~~~~~~~~~~~~ I S - 10* 1 . 1 1

1. 61) 12 - 10 ’

Slm i ’ctr mi t n  F - i  i l u r m -  i , 873

N o t  ~ : 
- 

S m ’ - F l g u r i -  22 f o r  S N m m u r v i ’ s . 
- -
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TABLE 20 — PREDICTED-LIFE VALUES FOR SURFACE FLAWS
(Pred ic ted  L i f e  (B locks ) )

Box Beam

Flaw-Model  2 , 3 4 5 6 7 J 8

EC—P — R * * 1, 097 3 ,508 6 , 843 1, 200

EC — P—UR * * 659 2 , 188 4 ,457 739

EC —F —R * * 578 1, 564 2 , 351 445

EC — F—UR 10 , 792 * 344 1,077 1, 729 284

UT—P—R * * 204 531 2 ,064 185

LI T— P — F iR I 11,826 * 125 354 1, 198 119

UT -F-R * * 134 300 716 84

UT—F-UR 5 ,998 11,962 41 97 381 27

X—P—R * * 854 3 , 894 
- 9,761 1,u57

X—P—CR * * 517 2 , 465 6 , 252 I 005

* * 453 C 1,713 3 , 311 39 1 -
— 

X — F — U R  14 , 755 * 241 1,129 2 ,500 24)

A ct ual 7,080 and 6 ,260 996 2 ,146 3 ,051 I 1,220
Failure 4,170 I

______ 
—___________ —~~~~~~-— -—— 

_
~

_
~

_ _ j 
—~~~~~~

N i ’tc - : ES = edd y—current flaw , 0•015 0.25 in.; UT = ultrasonic
f l aw , 0•06 0.188 in.; X = X—ray f law , 0.05 -. 0.10 in.:
F = Forman; P = Paris; R = r e t a r d e d ;  UR = unretarded.

*
Predicted life >15 ,000 blocks.

- —— -———— - - - -—- —- — -- - - -
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