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SUMMARY 

C o n s t r u c t i o n  of  t h e  Oak R i d g e  d i g i t a l  c o m p u t e r  i s  now u n d e r  way a t  
A r g o n n e .  J .  W ,  Woody and  R. J .  K l e i n  h a v e  b e e n  s e n t  t o  Argonne  f r o m  t h i s  

L a b o r a t o r y  t o  a s s i s t  E a r l  B u r d e t t e  i n  t h e  c o n s t r u c t i o n .  Meanwhile  members o f  
t h e  P a n e l  a r e  s t u d y i n g  c i r c u i t  d i a g r a m s  f o r  c o n t r o l  and  a r i t h m e t i c  u n i t s ,  and 
c o n s u l t i n g  w i t h  D r .  F l a n d e r s  and D r ,  Chu,  o f  Argonne ,  on a s p e c t s  o f  d e s i g n .  

Some d i s c u s s i o n  o f  t h i s  w i l l  b e  g i v e n  b e l o w .  

A j o i n t  m e e t i n g  of t h e  I n s t i t u t e  o f  M a t h e m a t i c a l  S t a t i s t i c s  and  t h e  
B i o m e t r i c  S o c i e t y  i s  b e i n g  p l a n n e d  f o r  March 15, 16,  and 1 7 ,  t o  be h e l d  a t  Oak 

T e r r a c e .  A .  S ,  H o u s e h o l d e r  i s  t h e  l o c a l  member o f  t h e  program commi t t ee  f o r  
b o t h  o r g a n i z a t i o n s ,  and Jack  Moshman is  A s s i s t a n t  S e c r e t a r y  f o r  t h e  I n s t i t u t e .  

D r .  A. M. Weinberg h a s  a g r e e d  t o  s p e a k  a t  t h e  b a n q u e t ,  March 16.  The t e n t a t i v e  
program i s  a s  f o l l o w s :  

PROGFiAM 

Thursday ,  March 15, 1 O : O O  A.M. 

CONTRIBUTED PAPERS FaW BIOMETRIC SOCIETY 

Thursday ,  March 15, 2 : O O  P.M. 

PUBLIC HEAL’IH STATISTICS 

Chairman: D r .  P a u l  Densen, U n i v e r s i t y  of P i t t s b u r g h  

“ S t a t i s t i c a l  S t u d i e s  i n  problems of H e a l t h ”  
Evelyn  F i x  and J .  Neyman, U n i v e r s i t y  of C a l i f o r n i a  

‘‘ An Elementary  S t o c h a s t i c  P r o c e s s  for  a S y p h i l i s  p o p u l a t i o n ”  
B. G. Greenberg ,  U n i v e r s i t y  of North  C a r o l i n a  

F r i d a y ,  March 16, 9 : 0 0  A.M. 

BIOASSAY WI‘IH QUANTAL RESPONSES 

Chairman: D r .  Alexander  H o l l a e n d e r ,  Oak Ridge N a t i o n a l  L a b o r a t o r y  

“Why I P r e f e r  L o g i t s  t o  p r o b i t s  and S i n i t s ”  
J .  Beskson,  Mayo C l i n i c  . 

4 
UNCLASS I F 1 ED 



UNCLES I F D ED 

"HOW Much Does t h e  Choice  o f  Metameter Mat te r?"  
J .  W. Tukey, p r i n c e t o n  U n i v e r s i t y  

"Extens ions  of Elementary  Methods i n  Bioassay9'{ 
I r w i n  B~OSS, The Johns  Hopkins U n i v e r s i t y  

"problems i n  B i o l o g i c a l  Assay on A.C.T.H. 
W. Weiss, Food and Drug A d m i n i s t r a t i o n  

D i s c u s s a n t :  Jermone C o r n f i e l d ,  N a t i o n a l  I n s t i t u t e  of H e a l t h  

F r i d a y ,  March 16 ,  2 : O O  P.M. 

EXPERIMENTAL DESIGN 
Chairman: D3.  C y r i l  Comar, U n i v e r s i t y  of Tennessee  

" Incomple te  Block Des igns"  
R. C. Bsse, U n i v e r s i t y  of  Nor th  C a r o l i n a  

"Fr a c  t i o n a l  Rep1 i c a t n  mV1~ 
Oscar  Kempthorne, Iowa S t a t e  C o l l e g e  

"The A n a l y s i s  o f  Long Term Experiments"  
A.  M. D ~ t t o n ,  Iowa S t a t e  C o l l e g e  

"Te s t. in g - f o r - p re f e r  en c e  Expe rimen t s 
L y l e  D. C a l v i n ,  S e m l e  p h a r m a c e u t i c a l  Company, Chicago  

S a t u r d a y ,  March 1 7 ,  9 : O O  A.M. 

MULTIVARIATE ANALYSIS 

Chai:rman: D r .  E. E. Cure ton ,  U n i v e r s i t y  o f  Tennessee  

''On t h e  p r o p e r t i e s  and S t a t i s t i c a l  P u r p o s e s  o f  Some Well-known 
and Some New Tests  in M u l t i v a r i a t e  Analys is" '  
S. N .  Roy, U n i v e r s i ~ y  of N o r t h  C a r o l i n a  

"Some A p p l i c a t i o n s  of  Compound Symmetry Tests" 
A.  W. Kimbal l ,  Oak Rndge N a t i o n a l  L a b o r a t o r y  

"Some P r e l i m i n a r y  Resu l k s  o f  M M  Bt i v a a i a  &e D i s c r i m i n a n t  Analys  is1'* 
D. V .  Tiedemann, Harrward U n i v e r s i t y  

S a t u r d a y ,  March 17 ,  1 k O O  A.M. 

CONTRIBUTED PAPERS FOR INSTITUTE OF MATHEMATICAL STATISTICS 

UNCLASS IF  I ED 
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D r .  J .  W .  T u k e y ,  C o n s u l t a n t  f o r  t h e  M a t h e m a t i c s  P a n e l ,  s p e n t  J a n u a r y  
22 and  2 3  i n  Oak R i d g e .  H i s  a d v i c e  w a s  s o u g h t  on  Monte  C a r l o  p r o b l e m s  b y  
J a c k  Moshman and b y  D r .  W a l t e r  S n y d e r ;  on b i o m e t r i c s  p r o b l e m s  by  D r .  A l a n  
C o n g e r  and  by D r  e Mary E s t h e r  G a u l d e n ;  on a d o s a g e  p r o b l e m  by Dr . M a r s h a l l  
B r u c e r  o f  ORINS; and on an e c o l o g y  problem by Dr. L. A .  Krumholz .  On Tuesday  

e v e n i n g  he  s p o k e  on t h e  a n a l y s i s  of  v a r i a n c e  a t  t h e  f i r s t  m e e t i n g  o f  a s t a -  
t i s t i c a l  s emina r  o r g a n i z e d  by D r .  A .  W .  K i m b a l l ,  D r .  Osmer C a r p e n t e r  o f  K-25 ,  
and Mr. D .  Chambers  o f  t h e  u n i v e r s i t y  of T e n n e s s e e .  

P r e l i m i n a r y  a r r a n g e m e n t s  h a v e  been  made f o r  h a v i n g  t h e  c a l c u l a t i o n s  f o r  
t h e  L - s h e l l  i n t e r n a l  c o n v e r s i o n  c o e f f i c i e n t s  made on t h e  B u r e a u  o f  S t a n d a r d s  
E a s t e r n  A u t o m a t i c  Compute r  i n  Wash ing ton .  R u t h  A r n e t t e  i s  s p e n d i n g  s e v e r a l  
weeks a t  t h e  Bureau  t o  a s s i s t  i n  t h e  p r e p a r a t i o n  and c o d i n g  o f  t h e  problem f o r  
t h i s  mach ine .  S i n c e  t h e  mach ine  i s  t o  be moved t o  new q u a r t e r s  i n  March and 
w i l l  t h e r e f o r e  b e  o u t  o f  commiss ion  f o r  pe rhaps  two months ,  c o n s i d e r a b l e  e f f o r t  
i s  b e i n g  made f o r  c o m p l e t i n g  a s  much o f  t h e  work a s  p o s s i b l e  b e f o r e  t h e  move 
t a k e s  p l a c e .  

The P a n e l  s e m i n a r  i s  now m e e t i n g  on Monday a f t e r n o o n s  f o r  t h e  d i s c u s s i o n  
o f  p r o g r a m m i n g  and  c o d i n g  o f  p r o b l e m s  f o r  t h e  v a r i o u s  e l e c t r o n i c  d i g i t  a 1  
c o m p u t i n g  m a c h i n e s .  

Two p a p e r s  were p r e s e n t e d  a t  M a t h e m a t i c a l  m e e t i n g s  d u r i n g  t h e  q u a r t e r  b y  
A .  S. H o u s e h o l d e r :  P o l y n o m i a l  I t e r a t i o n s  t o  R o o t s  of A l g e b r a i c  E q u a t i o n s  
( c o n t r i b u t e d  ) , American Mat h e m a t i c  a 1  S o c i e t y  , N o r t h w e s t e r n  Univer  s i t  y , November 
30, 1 9 5 0 ;  A C l a s s  of I t e r a t i v e  M e t h o d s  f o r  S o l v i n g  E q u a t i o n s  ( i n v i t e d ) ,  

M a t h e m a t i c a l  A s s o c i a t i o n  o f  Amer ica ,  U n i v e r s i t y  o f  F l o r i d a ,  December 30, 1950.  
A l s o ,  t h e  p a p e r  Some Numer ica l  Methods  f o r  S o l v i n g  S y s t e m s  of  L i n e a r  E q u a t i o n s  
a p p e a r e d  i n  t h e  Augus t - S e p t e m b e r  i s s u e  o f  t h e  Amer ican  M a t h e m a t i c a l  Month ly .  

UNCLASS I F I ED 
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S P E C I A L  PROBLEMS A N D  P R O J E C T S  

problem: CIRCUIT ANALYSIS FOR THE DESIGN OF THE ELECTRONIC DIBITAL COMPUTER 

Origin: E l e c t r o n i c  Computer  P r o j e c t  

P a r t i c i p a t i n g  Members of P a n e l :  A .  S .  H o u s e h o l d e r ,  C. L.  P e r r y ,  M.L. N e l s o n ,  
N .  M .  Dismuke,  J .  Moshman 

Background: The c o n t r a c t  w i t h  Argonne N a t i o n a l  L a b o r a t o r y  f o r  t h e  c o n s t r u c t i o n  
o f  t h e  Oak R i d g e  computer  c a l l s  f o r  some d e s i g n  r e s e a r c h  i n  o r d e r  t o  make b e s t  
u s e  o f  t h e  l e s s o n s  l e a r n e d  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  p r o t o t y p e  m a c h i n e s  
a t  P r i n c e t o n  a n d  a t  A r g o n n e .  P a r t l y  i n  o r d e r  t o  p a r t i c i p a t e  a n d  p e r h a p s  
c o n t r i b u t e ,  p a r t l y  i n  o r d e r  t o  r e a c h  a d e c i s i o n  on t h e  u l t i m a t e  d e s i g n ,  p roposed  
c i r c u i t s  a r e  b e i n g  s t u d i e d  by members o f  t h e  P a n e l ,  a n d  p e r i o d i c  c o n f e r e n c e s  
w i t h  t h e  Argonne  g r o u p  a r e  u n d e r  way. 

The  d i g i t a l  ( o n - o f f )  c h a r a c t e r  o f  t h e  r e s p o n s e  o f  t h e  e l e m e n t s  p e r m i t s  a 
s i m p l e  r e p r e s e n t a t i o n  o f  t h e  s t r u c t u r e  and  p r o p e r t i e s  of t h e  n e t w o r k  i n  terms 
o f  Boo lean  a l g e b r a .  C o n s i d e r  any l i n e ,  w h e t h e r  b r a n c h i n g  or n o t ,  l e a d i n g  f r o m  
a g a t e  or t o g g l e  t o  g a t e s  or t o g g l e s  or b o t h ;  t h e n ,  i n  p r i n c i p l e ,  t h e  l i n e  may 
l e a d  from a p o i n t  o f  maximum p o t e n t i a l  o r  of minimum p o t e n t i a l  and t h e r e  i s  no  

o t h e r  p o s s i b i l i t y ,  C o n s e q u e n t l y ,  i f  w e  a s s i g n  a n y  symbol  x t o  t h i s  l i n e ,  x 

may a l s o  r e p r e s e n t  t h e  a s s e r t i o n  t h a t  t h e  l i n e  l e a d s  f rom a p o i n t  o f  minimum 
p o t e n t i a l  w h i l e  X '  r e p r e s e n t s  t h e  c o r i t r a r y  a s s e r t i o n .  T o g g l e s  and  g a t e s  t h e n  
r e p r e s e n t  l o g i c a l  o p e r a t o r s :  I f  x a n d  y a r e  i n p u t s  t o  an "and"i g a t e ,  t h e  
o u t p u t  i s  x y  ( O x  and  y t t ) ;  i f  t h e y  a r e  i n p u t s  t o  a n  flor"q g a t e  t h e  o u t p u t  i s  
x v y  ("K o r  y " ~ ) ,  i f  t h e y  a r e  i n p u t s  on t h e  r i g h t  and  l e f t ,  r e s p e c t i v e l y ,  t o  a 

t o g g l e ,  t h e  , o u t p u t  on  t h e  l e f t  a f t e r  t h e  t o g g l e  h a s  had t ime  t o  change  o v e r  i s  

where  t and t +- 1 r e p r e s e n t  t h e  t imes  j u s t  b e f o r e  and j u s t  a f t e r  t h e  c h a n g e -  
o v e r ,  i f  a n y .  The o u t p u t  on t h e  o t h e r  s i d e  i s  z ' ( t  +- 1) .  (Hence t h e  o u t p u t  
o f  e v e r y  t o g g l e  i n  a ne twork  a t  time t c a n  b e  e x p r e s s e d  a s  a l o g i c a l  f u n c t i o n  
o f  t h e  s t a t e s  a t  t ime t - 1 and  o f  t h e  s i g n a l s  w h i c h  e n t e r  t h e  n e t w o r k  f r o m  

t h e  o u t s i d e  a t  t h a t  time.) Alsq by s u c c e s s i v e  s u b s t i t u t i o n ,  t h e  o u t p u t  a t  t ime 
t c a n  b e  e x p r e s s e d  a s  a l o g i c a l  f u n c t i o n  o f  t h e  s t a t e s  o f  t h e  t o g g l e s  a t  a n y  

7 UNCLASS I F I ED 
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p r i o r  t i m e  t - r 9  a n d  o f  t h e  i n c o m i n g  s i g n a l s  a t  a l l  t i m e s  f r o m  t - P u n t i l  
t - 1. C o n v e r s e l y ,  t h e  r e q u i r e m e n t s  o f  a ne twork  c a n  b e  e x p r e s s e d  i n  t h e  same 

terms and t h e  n e t w o r k  c a n  be drawn u p  from t h e  d e s c r i p t i o n .  

S t a t u s :  A r g o n n e  i s  p r o v i d i n g  p r o p o s e d  w i r i n g  d i a g r a m s  o f  t h e  v a r i o u s  c o n -  
s t i t u e n t s  o f  t h e  m a c h i n e ,  and  t h e  a n a l y s i s  i s  j u s t  b e g i n n i n g .  

Problem:  I T E R A T I V E  M E T H O D S  F O R  S O L V I N G  E Q U A T I O N S  

P a r t i c i p a t i n g  Member o f  p a n e l :  A.  S. H o u s e h o l d e r  

o r i g i n  and Background:  S i n c e  t h e  n u m e r i c a l  s o l u t i o n  o f  a n  e q u a t i o n  o f  some 
form or o t h e r  i s  t h e  o b j e c t i v e  o f  a l m o s t  a n y  c o m p u t a t i o n ,  t h e  deve lopmen t  and  
improvement  o f  me thods  f o r  s o l v i n g  e q u a t i o n s  i s  a n  e v e r - p r e s e n t  p r o b l e m  f o r  
a n y  c o m p u t a t i o n  l a b o r a t o r y .  We summarize h e r e  some o b s e r v a t i o n s  and r e s u l t s  
o n  t h e  me thods  o f  B e r n o u l l i  and  o f  Newton f o r  s o l v i n g  a n  e q u a t i o n  i n  one  u n -  
known. Newton ' s  method i s  g e n e r a l i z a b l e  t o  a s y s t e m  o f  e q u a t i o n s  and e v e n  t o  
f u n c t i o n a l  e q u a t i o n s  - i n  f a c t ,  t h e  g e n e r a l i z a t i o n  i n c l u d e s  s u c h  c l a s s i c a l  
m e t h o d s  a s  t h a t  o f  P i c a r d  f o r  s o l v i n g  d i f f e r e n t i a l  e q u a t i o n s .  Bo th  m e t h o d s  
a r e  se  I f  - c o r r  e c  t i n g .  

B e r n o u l l i ' s  method i s  g e n e r a l l y  s t a t e d  f o r  an a l g e b r a i c  e q u a t i o n  f ( x )  = 0 
o n l y .  Its a p p l i c a t i o n  t o  t r a n s c e n d e n t a l  e q u a t i o n s  d o e s  n o t  seem t o  a p p e a r  i n  
t h e  l i t e r a t u r e .  However,  a theorem due t o  K k i g  [Math .  Ann. 9, 530-40 ( 1 8 7 6 ) ]  
can  be  a p p l i e d  t o  show t h a t  i f  

f ( x )  = a, -t a l x  t a2z2 + e " . , 

and i f  

i s  a n y  f u n c t i o n ,  a n a l y t i c  i n  a c i r c l e  a b o u t  t h e  o r i g i n  which c o n t a i n s  i n  i t s  

i n t e r i o r  t h e  r o o t  a of s m a l l e s t  modulus of  f = 0, assuming  such  t o e x i s t ,  t h e n ,  
p r o v i d e d  o n l y  g ( a )  # 0, t h e  c o e f f i c i e n t s  h i n  t h e  e x p a n s i o n  

g f f  = h,  t h l x  t h 2 x 2  + . . . 

8 UNCLASS I F I ED 
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a r e  s u c h  t h a t  

A l s o ,  t h e s e  c o e f f i c i e n t s  h a r e  g i v e n  by 

which  r e d u c e s  t o  B e r n o u l l i ' s  a l g o r i t h m  when f i s  a p o l y n o m i a l  and g a p o l y n o m i a l  
o f  l ower  d e g r e e .  M o r e o v e r ,  by f o r m i n g  d e t e r m i n a n t s  o f  t h e  h's i n  t h e  u s u a l  
way t h e  p r o d u c t s  o f  r o o t s  o f  s m a l l e s t  m o d u l u s  a r e  o b t a i n a b l e ,  a f a c t  w h i c h  
p e r m i t s  t h e  c o m p u t a t i o n  o f  two o r  more r o o t s  o f  e q u a l  m o d u l u s .  

Newton ' s  method i s  one  o f  a c l a s s  i n  wh ich  from t h e  f u n c t i o n  f o n e  c o n -  
s t r u c t s  a f u n c t i o n  $ s u c h  t h a t  whenever  x 0  i s  i n a s u f f i c i e n t l y  s m a l l  n e i g h b o r -  
hood of  a r o o t  a t h e  s e q u e n c e  d e f i n e d  by t h e  r e c u r s i o n  

c o n v e r g e s  t o  a .  

#. 
v e r g e n c e  depends  upon t h e  f a c t  t h a t  $ ' ( a )  = 0 ,  s o  t h a t  i n  t h e  case  of a n a l y t i c i t y  

Hence + ( a )  = a and 4 must h a v e  t h e  form $ = x - f# f o r  some 
Newton ' s  method u t i l i z e s  t h e  s p e c i f i c  c h o i c e  $J = l/f', and  i t s  r a p i d  c o n -  

$ ( x )  = a + a 2 ( x  - a ) 2  + e . . . 

T h e r e  a r e ,  h o w e v e r ,  o t h e r  c h o i c e s  o f  # w i t h  t h e  same p r o p e r t y ,  and ,  i n  f a c t ,  

o n e  c a n  c h o o s e  $J s o  t h a t  a1 = a2 - a3  - , . a r O l  - 0 f a r  a n y  r .  I n  t h i s  
c a s e  t h e  i t e r a t i o n  d e f i n e d  by P ( x )  i s  s a i d  t o  be o f  o r d e r  r .  S e v e r a l  me thods  
a r e  known f o r  o b t a i n i n g  i t e r a t i o n s  of  a r b i t r a r y  o r d e r ,  one of  which i s  d e d u c i -  
b l e  f rom t h e  same t h e o r e m  o f  K h i g  m e n t i o n e d  a b o v e .  I n  p a r t i c u l a r ,  when f 

- - - - - 
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i s  a p o l y n o m i a l  i t  i s  p o s s i b l e  t o  c h o o s e  $ t o  b e  a p o l y n o m i a l ,  w h a t e v e r  o r d e r  
may be r e q u i r e d  for  t h e  i t e r a t i o n ,  A method h a s  been d e v e l o p e d  f o r  c o n s t r u c t i n g  
s u c h  i t e r a t i o n s  much more s i m p l y  t h a n  by  a n y  method p r e v i o u s l y  known. T h e  
p o s s i b l e  u s e f u l n e s s  o f  t h i s  l i e s  i n  t h e  f a c t  t h a t  w i t h  some c o m p u t i n g  mach ines  
d i v i s i o n  i s  a p r o c e s s  t o  b e  a v o i d e d  i f  p o s s i b l e ,  b u t  more i n  t h e  f a c t  t h a t  i t  
p e r m i t s  a n  e x t e n s i o n  of t h e  method t o  number f i e l d s  o f  much more g e n e r a l  t y p e ,  
where d i v i s i o n  may even  be  i m p o s s i b l e ,  An a p p l i c a t i o n  t o  t h e  e q u a t i o n  

f 3 a x  - 1 = 0 

where  a i s  a m a t r i x  and X ,  i t s  i n v e r s e ,  y i e l d s  a c l a s s  o f  i t e r a t i v e  m e t h o d s  
f o r  i n v e r t i n g  t h e  m a t r i x  a ,  o n e  m e t h o d  o f  t h e  c l a s s  b e i n g  c l a s s i c a l ,  

T h i s  s u b j e c t  i s  e l a b o r a t e d  i n  t h e  p a p e r s  p r e s e n t e d  a t  t h e  m e e t i n g s  o f  t h e  
Amer ican  M a t h e m a t i c a l  S o c i e t y  and o f  t h e  M a t h e m a t i c a l  A s s o c i a  t i o n  o f  America,  
men t ioned  a b o v e ,  

problem: COUNTER STATISTICS 

P a r t i c i p a t i n g  Members of p a n e l :  G o  E ,  A l b e r t ,  M. L .  N e l s o n  

O r i g i n  and Background: Each p a r t i c i p a n t  i n  t h i s  p rob lem 'has  s e p a r a t e l y  had 
i n q u i r y  f rom L a b o r a t o r y  p e r s o n n e l  and o t h e r s  i n  r e g a r d  t o  t h e  s t a t i s t i c s  o f  
c o u n t i n g .  S i n c e  t h e  p rob lem i s  of undoub ted  i m p o r t a n c e  and s i n c e  i t  a t t r a c t s  
t h e  i n t e r e s t  o f  e a c h  p a r t i c i p a n t ,  i t  seemed  n a t u r a l  t o  g i v e  i t  j o i n t  s t u d y .  
We have  found a l a r g e  and u n s a t i s f a c t o r y  l i t e r a t u r e .  To u s  i t  a p p e a r s  h i g h l y  
d e s i r a b l e  t o  a t t e m p t :  

1. U n i f i c a t i o n  o f  t h e  t h e o r y  and l i t e r a t u r e .  

2 .  C a r e f u l  f o r m u l a t i o n  o f  t h e  i m p o r t a n t  p rob lems  which n e e d  s o l v i n g .  

3 .  S o l u t i o n  o f  t h e s e  p r o b l e m s .  

Comment and  a s s i s t a n c e  a s  t o  t h e  k i n d  o f  a n a l y s i s  a n d  t y p e  o f  r e s u l t  mos t  
n e e d e d  b y  t h o s e  who e n g a g e  i n  c o u n t i n g  r a d i o a c t i v i t y  i s  i n v i t e d .  I t  may b e  
w o r t h  o b s e r v i n g  t h a t ,  a s  u s u a l ,  t h e  problem c o n s i d e r e d  i s  m a t h e m a t i c a l l y  s i m i l a r  
t o  o t h e r s  a r i s i n g  from o t h e r w i s e  d i s s i m i l a r  o r i g i n s ,  
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R e f e r e n c e s  

1. 

W. F e l l e r ,  On P r o b a b i l i t y  P r o b l e m s  in t h e  Theory  of C o u n t e r s ,  
S t u d i e s  and E s s a y s  p r e s e n t e d  t o  R ,  Couran t  on  h i s  6 0 t h  B i r t h d a y ,  
1948  

S. Malmqui s t ,  r'A S t a t i s t i c a l  Problem Connec ted  w i t h  t h e  C o u n t i n g  
o f  R a d i o a c t i v e  P a r t i c l e s ,  A m ,  Math.  S t a t .  18, 255-264 ( 1 9 4 7 ) .  

C. R ,  B l y t h ,  v f S t a t i s t i c a l  P r o b l e m s  i n  t h e  T h e o r y  of C o u n t e r s "  
( a b s t r a c t ) ,  Ann. Math ,  S t a t .  20 ,  464  ( 1 9 4 9 ) .  

H. C r a m k r ,  M a t h e m a t i c a l  M e t h o d s  i n  S t a t i s t i c s ,  pp .  5 1 0 - 5 1 1 ,  
P r i n c e t o n  U n i v e r s i t y  P r e s s  , P r i n c e t o n ,  N o  J .  1 9 4 6 .  

S t a t e m e n t  of  P r o b  kems It i s  a s s u m e d  t h a t  r a d i o a c t i v e  p a r t i c l e s  
impinge on a c o u n t e r  a t  t h e  mean r a t e  of c o u n t s  p e r  s e c o n d  where  i s  a c o n -  
s t a n t ,  and t h a t  t h e  a c t u a l  number,  N,(t), o f  p a r t i c l e s  a r r i v i n g  i n  an  a r b i t r a r y  
t i m e  i n t e r v a l  o f  l e n g t h  t i s  a c h a n c e  v a r i a b l e  w i t h  t h e  P o i s s o n  d i s t r i b u t i o n  
w i t h  mean a t ,  i m e o 9  

Owing t o  a d e a d  t i m e  e f f e c t  t h e  c o u n t e r  d o e s  n o t  n e c e s s a r i l y  r e g i s t e r  a l l  
p a r t i c l e s  t h a t  i m p i n g e  u p o n  i t ,  R e f e r e n c e s  1 and 2 d i s t i n g u i s h  two t y p e s  o f  
d e a d  t ime e f f e c t :  

Type I .  A r e g i s t r a t i o n  b y  t h e  c o u n t e r  a t  an i n s t a n t  t '  c a u s e s  
t h e  c o u n t e r  t o  l o c k  f o r  a t i m e  i n t e r v a l  u > 0 s o  t h a t  i t  c a n n o t  
r e g i s t e r  a n y  f u r t h e r  p a r t i c l e s  t h a t  a r r i v e  d u r i n g  t h e  time i n t e r v a l  
( t ' 2  t '  + u), b u t  i t  w i l l  r e g i s t e r  t h e  n e x t  p a r t i c l e  a f t e r  t '  + U .  

Type 11. A r e g i s t r a t i o n  b y  t h e  c o u n t e r  a t  an i n s t a n t  t '  c a u s e s  
i t  t o  l o c k  f o r a t i m e  i n t e r v a l  u > 0 ,  and  air p . a r t i c l e  i m p i n g i n g  upon 
t h e  c o u n t e r  a t  an  i n s t a n t  it" w h i l e  the c o u n t e r  is l o c k e d  w i l l  e x t e n d  
t h e  d e a d  i n t e r v a l  t o  t "  +- u .  

To d i s t i n g u i s h  t h e  two t y p e s  p h y s i c a l l y ,  n o t e  t h a t  i f  t h e  r a t e  a i s  v e r y  
l a r g e ,  Type  I w i l l  r e g i s t e r  a p a r t i c l e  e v e r y  u s e c o n d s  w h i l e  Type 11 w i l l  
r e g i s t e r  o n l y  one p a r t i c l e .  
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I n  r e f e r e n c e  1 i t  i s  i n d i c a t e d  t h a t  t h e  d e a d  t i m e  e f f e c t  i n  a n  a c t u a l  
c o u n t e r  i s  l i k e l y  somewhere b e t w e e n  t h e  two i d e a l i z a t i o n s  i n t r o d u c e d  a b o v e .  
The a u t h o r s  o f  t h i s  r e p o r t  a r e  s o l i c i t i n g  c o n c r e t e  a u t h o r i t a t i v e  i n f o r m a t i o n  
on t h i s  m a t t e r .  

F e l l e r  c o n s i d e r s  t h e  c a l c u l a t i o n ,  f o r  b o t h  t y p e s  of  c o u n t e r ,  o f  t h e  
p o p u l a t i o n  mean and s t a n d a r d  d e v i a t i o n  o f  t h e  c o u n t  N r ( t )  r e g i s t e r e d  i n  a t i m e  

i n t e r v a l  o f  l e n g t h  t which b e g i n s  a t  an  i n s t a n t  when t h e  c o u n t e r  i s  u n l o c k e d .  
I n  a d d i t i o n ,  he g i v e s  some i n d i c a t i o n s  o n  how t o  p r o c e e d  w i t h  s i m i l a r  c a l c u -  
l a t i o n s  u n d e r  more g e n e r a l  a s s u m p t i o n s  t h a n  Eq.  (1). Malmquist  c o n s i d e r s  o n l y  
t h e  Type I c o u n t e r .  H e  d r o p s  t h e  a s s u m p t i o n  o f  E q .  (1) a l m o s t  e n t i r e l y  and 
a t t e m p t s  t o  r emove  t h e  r e s t r i c t i o n  t h a t  t h e  c o u n t e r  b e  u n l o c k e d  a t  t h e  
b e g i n n i n g  o f  t h e  c o u n t i n g  i n t e r v a l .  The  a u t h o r s  o f  t h i s  r e p o r t  a r e  n o t  
r e c o n c i l e d  w i t h  c e r t a i n  d i s t r i b u t i o n  a s s u m p t i o n s  t h a t  Malmquis t  i n t r o d u c e s  i n  
t h e  deve lopmen t  of  h i s  t h e o r y .  

N e i t h e r  o f  r e f e r e n c e s  1 or 2 c o n s i d e r s  t h e  p r a c t i c a l  p roblem of e s t i m a t i n g  

t h e  s o u r c e  r a t e  a f r o m  a n  a c t u a l  c o u n t  N , ( t ) .  The f i r s t i c o n s i d e r a t i o n  o f  
t h i s  problem seems t o  b e  i n  r e f e r e n c e  3 where t h e  maximum l i k e l i h o o d  method o f  
e s t i m a t i n g  t h e  r a t e  a i s  s t u d i e d  f o r  a Type I c o u n t e r .  One o f  t h e  a u t h o r s  o f  
t h i s  r e p o r t  h a s  a t t a c k e d  t h e  p r o b l e m  by t h e  method o f  c o n f i d e n c e  i n t e r v a l s .  
The  r e s u l t s  w i l l  b e  r e v i e w e d  i n  p a r a g r a p h  2 be low.  

The a s s u m p t i o n  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  number o f  p a r t i c l e s  a r r i v i n g  
a t  t h e  c o u n t e r  is  g i v e n  by Eq. (1) w i t h  a c o n s t a n t  a p p e a r s  t o  be t a n t a m o u n t  t o  
a s s u m i n g  t h a t  t h e  s o u r c e  h a s  a v e r y  l o n g  r a d i o a c t i v e  h a l f - l i f e .  The a u t h o r s  
p r o p o s e  t o  s t u d y  t h e  s t a t i s t i c a l  p roblems a r i s i n g  i n  t h e  c o u n t i n g  o f  p a r t i c l e s  
f r o m  a s o u r c e  w i t h  a s h o r t  h a l f - l i f e .  I n  t h i s  c a s e  i t  a p p e a r s  t o  b e  q u i t e  
d i f f i c u l t  t o  f o r m u l a t e  the  p r o b l e m s .  T h i s  w i l l  b e  d i s c u s s e d  i n  p a r a g r a p h  3 
b e  low,  

2 .  Type  I C o u n t e r :  C o n f i d e n c e  I n t e r v a l s  f o r  a .  P r o c e e d i n g  from fo rmulas  
d e r i v e d  by  F e l l e r  i n  r e f e r e n c e  1 ,  i t  i s  shown t h a t  f o r  a n y  i n t e g e r  m t h e  
p r o b a b i l i t y  t h a t  t h e  c o u n t  N , ( t )  r e g i s t e r e d  i n  a n  i n t e r v a l  o f  l e n g t h  t b e g i n -  
n i n g  a t  an i n s t a n t  when t h e  c o u n t e r  i s  u n l o c k e d  i s  g i v e n  by 

I 0 ,  i f  m 3 ( t / u )  t 1, 
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. where Am = a{t - ( m  - 1 ) ~ ) .  The  summation i s  e a s i l y  r e c o g n i z e d  a s  t h e  u p p e r  
t a i l  of t h e  P o i s s o n  d i s t r i b u t i o n  w i t h  t h e  m e a n  and SO c a n  be computed f rom 
t a b l e s  o f  t h a t  d i s t r i b u t i o n .  A l t e r n a t i v e l y ,  t h e  summat ion  may b e  c o m p u t e d  
f rom t a b l e s ,  o f ,  or a p p r o x i m a t e  f o r m u l a s  f o r ,  t h e  i n c o m p l e t e  gamma f u n c t i o n  

s i n c e  

For a n y  f i x e d  v a l u e s  o f  t h e  o b s e r v a t i o n  t i m e  t and  t h e  d e a d  t i m e  U ,  
c o n f i d e n c e  i n t e r v a l s  f o r  t h e  s o u r c e  r a t e  a may b e  o b t a i n e d  f r o m  Eq. ( 2 )  by a 
w e l l - k n o w n  s t a t i s t i c a l  m e t h o d  ( s e e  r e f e r e n c e  4 ) .  The p r o c e d u r e  is r a t h e r  
i n v o l v e d  f o r  c a s e s  i n  w h i c h  t h e  c o u n t  N r ( t )  i s  s m a l l .  It  i s  p l a n n e d  t h a t  
c o n f i d e n c e  i n t e r v a l  c h a r t s  w i l l  be p r e p a r e d  €or e a s y  u s e  by e x p e r i m e n t e r s .  
When t h e  c o u n t  i s  l a r g e  an a p p r o x i m a t i o n  f o r  t h e  i n t e g r a l  i n  Eq. ( ' 3 ) s i m p l i f i e s  
. t h e  p r o c e d u r e  m a t e r i a l l y .  For a n y  a s s i g n e d  p r o b a b i l i t y  p ,  0 < p , <  1, l e t  x p  
b e  s u c h  t h a t  f o r  a no rma l  v a r i a t e  X ,  P , ( l x l  < x , , )  - p .  For e x a m p l e ,  i f  p - 
0 . 9 5 ,  x P  = 1 . 9 6 .  Then a 1 0 0  p e r c e n t  c o n f i d e n c e  i n t e r v a l  f o r  t h e  r a t e  a is 

g i v e n  by 

- - 

a p p r o x i m a t e l y .  N r (  t )  i s  t h e  o b s e r v e d  count  i n  tim~e t .  

T h i s  r e s u l t  i n d i c a t e s  t h a t  t h e  c e n t e r  o f  t h e  i n t e r v a l  

may be t h e  b e s t  p o i n t  e s t i m a t e  f o r  a .  I n  a d d i t i o n ,  t h e  l e n g t h  
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o f  t h e  i n t e r v a l  p r o v i d e s  a h i t h e r t o  unknown i n d i c a t i o n  o f  t h e  r e l i a b i l i t y  of  
t h e  e s t i m a t e .  C a u t i o n :  t h e  i n t e r v a l  of E q .  ( 4 )  s h o u l d  n o t  b e  u s e d  u n l e s s  
N r ( t )  e x c e e d s  1 0 0 .  

The c o r r e s p o n d i n g  r e s u l t  f o r  Type 11 c o u n t e r  h a s  n o t  b e e n  a c h i e v e d  a t  t h e  
p r e  s e n t  d a t  e .  

3. Basic Probability Assumptions of Radioactive Decay. I n  t h i s  p a r a g r a p h  
w e  s e t  down t h e  r e s u l t s  o f  some c o m p u t a t i o n s  o f  which  u s e  h a s  n o t  y e t  b e e n  
made. They come o u t  o f  an  e f f o r t  t o  s t u d y  c l o s e l y  t h e  g e n e r a l  s a m p l e  which  a 
“ c o u n t e r “  is  a s k e d  t o  “coun t  .”- 

( a )  The E x p o n e n t i a l  Law of Decay.  It i s  g e n e r a l l y  assumed 

( i )  t h a t  t h e  p r o b a b i l i t y  p(t), f o r  t > 0, t h a t  a r a d i o a c t i v e  atom 
d i s i n t e g r a t e s  d u r i n g  t h e  t ime i n t e r v a l  (7 ,  T + t )  i s  i n d e p e n d e n t  o f  7 .  

We have ,  where  t h e  random v a r i b l e  5 i s  t h e  time o f  d i s i n t e g r a t i o n ,  

A p p l i c a t i o n  o f  ( i )  and t h e  c o n d i t i o n  p ( 0 )  = 0 l e a d s  t o  

7 c t .  

where t h e  c o n s t a n t  A i s  t h e  r e c i p r o c a l  of t h e  i n v e r s e  e - l i f e .  

When more t h a n  one  s i m i l a r l y  r a d i o a c t i v e  a t o m s  a r e  p r e s e n t ,  i t  i s  f u r t h e r  
assumed 

( i i )  t h a t  t h e  i n d i v i d u a l  a t o m s  d e c a y  i n d e p e n d e n t l y .  

Thus  if t h e r e  are n a c t i v e  a t o m s  p r e i e n t ,  t h e  p r o b a b i l i t y  Pk o f  e x a c t l y  k 
d i s i n t e g r a t i o n s  i n  t i m e  t i s  

k = O ,  1 , .  . . , n 
14 UNClASSl F IED 



UNCUS I F I ED 

The mean number o f  a toms r e m a i n i n g  a t  t ime t i s  a c c o r d i n g l y  n exp  ( - A t ) .  

?g, ( b )  D i s t r i b u t i o n  of Time Between D i s i n t e g r a t i o n s .  For i = 1, 2, .. . , 
l e t  t i  d e n o t e  t h e  t i m e  of t h e  z t h  d i s i n t e g r a t i o n ,  s u p p o s i n g  n a toms a r e  a c t i v e  
a t  time z e r o .  T h e s e  t i  a r e  random v a r i a b l e s  and w i t h  them we c o n s i d e r  t h e  
random v a r i a b l e s  d e f i n e d  t h u s :  i 

- 
t j + I  = t i  t E j ,  j = 0, 1, 2 ,  . e . , n - 1 ,  t o  = 0. 

I f  we assume t h a t  t and ci a r e  i n d e p e n d e n t  random v a r i a b l e s ,  we f i n d  i 

t ,< 0, W E j  4 t )  = 0; > 

0 5  t ,  P ( c j  \< t )  = 1 - exp  [-(n - j ) A t ] .  

( c )  D i s t r i b u t i o n  of  Time U n t i l  Next  D i s i n t e g r a t i o n .  S t i l l  s u p p o s i n g  n 
a c t i v e  atoms a r e  p r e s e n t  a t  time z e r o ,  l e t  M and N be  t h e  random v a r i a b l e s :  M 
t h e  number o f  d i s i n t e g r a t i o n s  i n  ( 0 ,  T ' ) ;  and N, t h e  number o f  d i s i n t e g r a t i o n s  
i n  (7, r t t ) .  It f o l l o w s  t h a t  for k = 0, 1, 2 ,  n ,  

P(N = k )  = [;] P ~ Q ~ - ~  

where  

Denote  by 6 t h e  t i m e ,  measu red  f rom T > 0, u n t i l  t h e  f i r s t  d i s i n t e g r a t i o n  
l a t e r  t h a n  r ,  or t o  t h e  one n e x t  p r e c e d i n g  T '  i n  c a s e  a l l  n atoms d i s i n t e g r a t e d  
p r i o r  t o  r .  The d i s t r i b u t i o n  of  6 i s  

15 UNCUS IFlED 
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t < -7, P ( 5  f t )  = 0 

Problem: BASIC STUDIES I N  THE MONTE CARLO METHOD 

Part ic ipat ing  Member o f  Panel: fk E .  A l b e r t  

Status:  

R e f e r e n c e  

A. S. H o u s e h o l d e r ,  " B a s i c  S t u d i e s  i n  t h e  Monte C a r l o  Method,"  Mathe-  
mat i c s  Pane 1 Q u a r t e r  l y  P r o g r e s s  R e p o r t  f o r  the  P e r i o d  Ending J u l y  31,  
1 9 5 0 ,  ORNL-818, 10  ( S e p t .  11, 1 9 5 0 ) .  

An i n f o r m a l  memorandum on t h e  s o l u t i o n  o f  Fredholm i n t e g r a l  e q u a t i o n s  by 
t h e  Monte  C a r l o  m e t h o d  i s  b e i n g  p r e p a r e d .  Two r e l a t e d  p a p e r s ,  ( 1 )  Q u o t a  
Sampl ing  and I m p o r t a n c e  F u n c t i o n s  i n  S t o c h a s t i c  S o l u t i o n  of P a r t i c l e  P r o b l e m s  
b y  G. G o e r t z e l ,  NDA, J u n e  21 ,  1949 ,  and ( 2 )  A Monte C a r l o  Method fo r  S o l v i n g  a 
C l a s s  of I n t e g r a l  E q u a t i o n s  by R .  E .  C u t k o s k y ,  N a t i o n a l  Bureau  o f  S t a n d a r d s  a t  

Los A n g e l e s ,  w i l l  b e  compared and r e d o n e  t o  f i t  them i n t o  t h e  g e n e r a l  p a t t e r n  
o f  t h e  t h e o r y  $f s t o c h a s t i c  p r o c e s s e s  a s  p r e s e n t e d  by J .  L. Doob and o t h e r s .  
T h i s  p r o c e d u r e  l e a d s  t o  a c l e a r  u n d e r s t a n d i n g  o f  t h e  c o n t e n t s  o f  t h e  p a p e r s  and 
o p e n s  u p  p o s s i b i l i t i e s  f o r  a s y s t e m a t i c  s t u d y  a n d  c o m p a r i s o n  o f  v a r i o u s  
s a m p l i n g  t e c h n i q u e s  and  d i s t r i b u t i o n s  f o r  t h e  s o l u t i o n  o f  c e r t a i n  t y p e s  o f  
i n t e g r a l  e q u a t i o n s .  

problem: T H E R M A L - N E U T R O N  FLUX DISTRIBUTIONS WHEN AIR VOIDS A R E  PRESENT 

o r i g i n :  Dr. R .  L. E c h o l s ,  NEPA 
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p a r t i c i p a t i n g  Member of p a n e l :  D .  W .  Whitcombe 

Background:  T h e  r e p o r t  OWL-899,  w h i c h  c o n t a i n s  t h e  t h e r m a l - n e u t r o n  f l u x  
d i s t r i b u t i o n s  f o r  a v a r i e t y  o f  s h i e l d  m a t e r i a l s  t h a t  c o n t a i n  a i r  v o i d s  w i l l  
soon  be  i s s u e d .  P r o b l e m s  a r e  s o l v e d  where t h e  s h i e l d  m a t e r i a l  c o n t a i n s  one ,  
two ,  or t h r e e  a i r  v o i d s  and f o r  a s t r a i g h t - t h r o u g h  a i r  d u c t .  Most p r o b l e m s  
a r e  s o l v e d  f o r  f i n i t e  a s  w e l l  a s  i n f i n i t e  g e o m e t r i e s ,  A p r o b l e m  i s  i n c l u d e d  
t o  i n d i c a t e  t h e  e f f e c t  o f  s h i f t i n g  a v o i d .  Most o f  t h e  s o l u t i o n s  a r e  accompa- 
n i e d  b y  t r a n s m i s s i o n  p l o t s  w h i c h  show t h e  i n c r e a s e d  f l u x  t r a n s m i s s i o n  due  t o  
t h e  p r e s e n c e  o f  t h e  v o i d s .  The  m a j o r i t y  o f  t h e  p r o b l e m s  a r e  s o l v e d  f o r  two- 
d i m e n s i o n a l  r e g i o n s ,  b u t  o n e  p r o b l e m  i s  i n c l u d e d  for a t h r e e - d i m e n s i o n a l  
r e g i o n  w i t h  t w o  a i r  v o i d s .  

I n  a l l  c a s e s  t h e  d i f f u s i o n  e q u a t i o n  w a s  r e d u c e d  t o  l i n e a r  d i f f e r e n c e  
e q u a t i o n s  w h i c h  w e r e  s o l v e d  o n  t h e  F a i r c h i l d  l i n e a r  e q u a t i o n  s o l v e r .  The  
method o f  s e t t i n g  u p  t h e  d i f f e r e n c e  e q u a t i o n s  i s  e x p l a i n e d  i n  d e t a i l  i n  t h e  
p r e c e d i n g  q u a r t e r l y  p r o g r e s s  r e p o r t  (OhNL-888) .  A p l a n e  s o u r c e  o f  t h e r m a l  
n e u t r o n s  ( i s o t r o p i c  or c o l l i m a t e d )  i s  u s e d  w i t h  t h e  b o u n d a r y  c o n d i t i o n  t h a t  
t h e  r e t u r n  n e u t r o n  c u r r e n t  s h a l l  v a n i s h .  

A more e x a c t  r e p l a c e m e n t  f o r  t h e  L a p l a c i a n  i n  t h e  d i f f u s i o n  e q u a t i o n  
t h a n  t h e  f i r s t  - o r d e r  d i f f e r e n c e  a p p r o x i m a t i o n  was a l s o  made.  T h i s  p e r m i t t e d  
c a l c u l a t i o n s  o f  t h e  s t r e a m i n g  a s  we l l  a s  a n  e s t i m a t e  o f  t h e  e r r o r  t o  be made. 

The e r r o r  i n  t h e  r e p l a c e m e n t  f o r  t h e  L a p l a c i a n  was found t o  be o f  t h e  o r d e r  of 

2 0  t o  2 5  p e r c e n t .  

problem: STEADY-STATE HEAT TRANSFER DUE TO SLUG FLOW IN A SECTOR OF A CIRCLE 

o r i g i n :  H. C .  C l a i b o r n e ,  R e a c t o r  Techno logy  D i v i s i o n  

p a r t i c i p a t i n g  Member of p a n e l :  D. W .  Whitcombe 

Background: T h i s  i s  a n  e x t e n s i o n  o f  t h e  w o r k  d e s c r i b e d  i n  t h e  p r e v i o u s  
q u a r t e r l y  r e p o r t  (OWL-888) which  p e r t a i n e d  t o  ci 60' s e c t o r  o f  a c i r c l e ,  and 
which  h a s  been  i s s u e d  a s  €)fiNL C e n t r a l  F i l e s  No. 5 0 - 1 1 - 7 7 .  I h e  p u r p o s e  of  t h e  
p r e s e n t  work i s  t o  f i n d  a s o l u t i o n  when t h e  a n g l e  o f  t h e  s e c t o r  i s  p ~ / q  where  
p and q a r e  p o s i t i v e  i n t e g e r s ,  I t  i s  c l e a r  t h a t  t h i s  c a s e  w i l l  i n c l u d e  t h e  
c a s e  where  t h e  a n g l e  o f  t h e  s e c t o r  i s  60'. 

d 
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problem: A N  INTEGRAL EVALUATION 

o r i g i n :  L. C. N o d e r e r ,  P h y s i c s  D i v i s i o n  

P a r t i c i p a t i n g  Member of p a n e l :  D.  W .  Whitcombe 

Background: The i n t e g r a l  

m 

0 

o c c u r s  i n  s t u d i e s  on  t h e  h a r d e n i n g  o f  n e u t r o n s .  The i n t e g r a l  can  be a p p r o x i -  
m a t e l y  e v a l u a t e d  u s i n g  t h e  m e t h o d  o f  s t e e p e s t  d e s c e n t .  Mr. N o d e r e r  w a s  
i n t e r e s t e d  i n  t h e  c a s e  i n  which  u was a s m a l l  p o s i t i v e  number and i n  t h i s  c a s e  
t h e  method o f  s t e e p e s t  d e s c e n t  r e q u i r e s  some s l i g h t  m o d i f i c a t i o n  a s  f o l l o w s :  

Le t 

where  

The method o f  s t e e p e s t  d e s c e n t  works we l l  o n l y  i f  E ( x )  h a s  a s t e e p  minimum and 
i n c l u d i n g  t h e  ,'-2 l o g  x0  t e r m  i n  t h e  exponen t  i n c r e a s e s  t h e  p o s i t i v e  r o o t  a n d  
g i v e s  a more a c c u r a t e  r e s u l t .  I f  x o  i s  d e f i n e d  by 

l a  2 

t h e n  I i s ,  a p p r o x i m a t e l y ,  
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de .  2 -a/cos B 
Problem: EVALUATION OF I ( a )  = i' cos 0 e 

0 

O r i g i n :  J .  W .  W e b s t e r ,  ANP (NEPA) 

p a r t i c i p a t i n g  Member of p a n e l :  

Background: 

D. W .  Whitcombe 

If i n  I t h e  r e p l a c e m e n t  i s  made 

t h e n  we may w r i t e  

Now (1 - 1 / x 2 ) *  c a n  b e  r e p l a c e d  by t h e  s e r i e s  

where 

Then we can  w r i t e  

UNCLASS t F t ED 
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where 

S i n c e  t h e  e x p o n e n t i a l  i n t e g r a l s  En a r e  t a b u l a t e d ,  t h e  l a t t e r  e x p r e s s i o n  
f o r  I s e r v e s  a s  t h e  r e s u l t .  The r e s u l t  f o r  I can  b e  made e a s i e r  t o  compute by 

p u t t i n g  E n  i n  t h e  form 

where  P, and Q ,  a r e  p o l y n o m i a l s .  T h i s  s i m p l i f i c a t i o n  was made i n  t h e  p a p e r  
s e n t  t o  Mr. W e b s t e r .  

problem: D E T A I L E D  T H E R M A L - F L U X  D I S T R I B U T I O N S  

Origin: Dr. R .  L. E c h o l s ,  NEPA 

Part i c ipat ing  Member of panel: D, W .  Whitcombe 

Background: The t h e r m a l - n e u t r o n  d i s t r i b u t i o n  f o r  a b lock  o f  c o n c r e t e  w i t h  a n  
a i r  v o i d  i s  b e i n g  f o u n J  f o r  a p l a n e  o r  i s o t r o p i c  p l a n e  s o u r c e  of  n e u t r o n s .  
T h i s  problem d i f f e r s  f rom p r e c e d i n g  p r o b l e m s  i n  t h a t  i t  i s  much l a r g e r .  The 
s h i e l d  m a t e r i a l  i s  d i v i d e d  u p  i n t o  312  c e l l s ,  i . e . ,  t h e  l i n e a r - d i f f e r e n c e -  
e q u a t i o n  a p p r o x i m a t i o n  t o  t h e  d i f f u s i o n  e q u a t i o n  h a s  312 unknowns .  I t  was 
f o u n d  t h a t  t h e  F a i r c h i l d  l i n e a r  e q u a t i o n  s o l v e r  would  h a v e  t o  b e  m o d i f i e d  
b e f o r e  t h e  s o l u t i o n  c o u l d  Le o b t a i n e d .  The m o d i f i c a t i o n  h a s  b e e n  made but  t h e  
s o l u t i o n  i s  n o t  y e t  o b t a i n e d  b e c a u s e  of t h e  b a c k l o g  o f  p r o b l e m s  a w a i t i n g  t h e  
F a i r c h i l d  m a c h i n e .  

A s e r i e s  of  p r o b l e m s  h a s  b e e n  p r e p a r e d  f o r  t h e  F a i r c h i l d  m a c h i n e  where  
t h e  s h i e l d  m a t e r i a l  i s  v a r i a b l e  b o t h  a s  t o  s i z e  and s h i e l d  c o m p o s i t i o n .  The 
c o n f i g u r a t i o n s  a l l  c o n t a i n  c o n t i n u o u s  a i r  v o i d s  w i t h  two r i g h t - a n g l e  ten.!s. 
T h e s e  p rob lems  h a v e  b e e n  coded  f o r  t h e  machine  and s h o u l d  a l l  Le s o l v e d  some 
t i m e  d u r i n g  F e b r u a r y .  The f i r s t  t h r e e  of t h e  s e r i e s  h a v e  b e e n  c o m p l e t e d  w i t h  
no d i f f i c u l t y .  
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problem:  SAMPLE C R I T E R I O N  FOR T E S T I N G  O U T L Y I N G  OBSERVATIONS 

O r i g i n :  J .  H. S m i t h ,  P h y s i c s  D i v i s i o n  

P a r t i c i p a t i n g  Members of  p a n e l :  D o  W .  Whitcombe,  J .  Moshman 

Background:  Mr. S m i t h  i s  p e r f o r m i n g  a n e x p e r i m e n t  which  i n v o l v e s  t h e  r e c o r d i n g  
o f  c o u n t e r  d a t a .  A f o i l  w a s  c o u n t e d  a b o u t  e i g h t  t imes  and t h e  a v e r a g e  o f  t h e  
c o u n t s  was t h e n  u s e d  t o  i n d i c a t e  a more a c c u r a t e  v a l u e .  Mr. S m i t h  w a n t e d  a 
c r i t e r i o n  f o r  e l i m i n a t i n g  a c o u n t  t h a t  d i f f e r e d  a p p r e c i a b l y  f r o m  t h e  o t h e r  
cour . t s  i n  a g i v e n  s e t .  T h i s  problem i s  a f a v o r i t e  one  w i t h  s t a t i s t i c i a n s ,  and 
hlr. S m i t h  was r e f e r r e c !  t o  an a r t i c l e  by F .  E .  G r u b b s  o n  t h e  s u b j e c t  wh ich  
a p p e a r e d  i n  t h e  March ,  1 9 5 0  i s s u e  o f  t h e  Annals of Mathematical Statistics. 

p r o b l e m :  DETERMINATION OF SAMPLE SIZE FOR LONG-TERM RADIATION EXPERIMENT 

O r i g i n :  Dr. J .  H.  R u s t ,  Dr. J .  L. W i l d i n g ,  UT-AEC A g r i c u l t u r a l R e s e a r c h  Pro- 

P a r t i c i p a t i n g  Member of p a n e l :  A .  W .  K i m b a l l  

Background and S t a t u s :  A l o n g - t e r m  r a d i a t i o n  e x p e r i m e n t  e m p l o y i n g  l a r g e  
a n i m a l s  i s  b e i n g  p l a n n e d  f o r  t h e  p u r p o s e  of  i n v e s t i g a t i n g  t h e  e f f e c t s  o f  X 
r a d i a t i o n  on l o n g e v i t y .  S i n c e  t h e  e x p e r i m e n t  i s  e x p e n s i v e  and t ime -consuming,  
t h e  e x p e r i m e n t e r s  wan ted  t o  have  a r e l i a b l e  e s t i m a t e  of  t h e  number of a n i m a l s  
w h i c h  would  b e  r e q u i r e d  f o r  e a c h  e x p e r i m e n t a l  g r o u p  t o  a c h i e v e  t h e  d e s i r e d  
d e g r e e  o f  a c c u r a c y  i n  t h e  f i n a l  c o m p a r i s o n s .  On t h e  b a s i s  o f  p r e l i m i n a r y  d a t a ,  
i t  w,as d e t e r m i n e d  t h a t  i f  a b o u t  2 9 0  a n i m a l s  a r e  u s e d  i n  e a c h  g r o u p ,  t h e  
p r o b a b i l i t y  i s  0 . 9 5  t h a t  a t ime d i f f e r e n c e  ( b e t w e e n  t h e  c o n t r o l  g r o u p  and a n y  
i r r a d i a t e d  g r o u p )  o f  10  p e r c e n t  o r  more w i l l  be d e t e c t e d  i f  t h e  f i n a l  t e s t  o f  
s i g n i f i c a n c e  i s  made a t  t h e  5 p e r c e n t  l e v e l .  

gram 

The method o f  e s t i m a t i o n  [ H a r r i s ,  H o r v i t z ,  and Mood, J. Amer, S t a t . . A s s ~ .  
43, 391  (1948) I  r e q u i r e s  some p r e l i m i n a r y  e s t i m a t e  of  t h e  amount of  v a r i a b i l i t y  
t o  b e  e x p e c t e d  i n  t h e  s u r v i v a l  d a t a .  I t  i s  b e l i e v e d  t h a t  t h e r e  i s  a 5 0 - 5 0  
c h a n c e  t h a t  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  w i l l  l i e  b e t w e e n  2 5  i n d  3 5  p e r c e n t .  
By t h e  methods  d e s c r i b e d  i n  t h e  r e f e r e n c e ,  t h i s  l e a d s  t o  a p r e l i m i n a r y  e s t i m a t e  
o f  t h e  s t a n d a r d  d e v i a t i o n ,  s I  -. 3 0  p e r c e n t  o f  t h e  mean,  w i t h  $ - 2 / 3  d e g r e e s  o f  
f r e e d o m .  F u r t h e r  c o m p u t a t i o n  a i d e d  by t h e  t a b l e  g i v e n  i n  t h e  r e f e r e n c e  l e d  
t o  a sample  s i z e  o f  289 a n i m a l s  p e r  g r o u p  f o r  t h e  d e g r e e  o f  a c c u r a c y  s p e c i f i e d  
above .  

- 
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I t  was t h o u g h t  f o r  a w h i l e  t h a t  some s e q u e n t i a l  s a m p l i n g  p l a n  m i g h t  b e  
used  t o  h e l p  r e d u c e  t h e  t o t a l  number of  a n i m a l s  r e q u i r e d ,  S i n c e ,  however ,  t h e  
c o n t e m p l a t e d  a n a l y s i s  i n c l u d e s  b o t h  t e s t s  of h y p o t h e s i s  and e s t i m a t i o n  o f  g r o u p  
d i f f e r e n c e s ,  n o  workab le  s e q u e n t i a l  method seems a p p l i c a b l e .  

Problem: TESTS OF HOMOGENEITY A N D  CORRELATION I N  A RADIATION EXPERIMENT WITH 
P A R A M E C I U M  A U R E L  I A  

o r i g i n :  Dr. R. F. K i m b a l l ,  Biol .ogy D i v i s i o n  

Part i c ipat ing  Member of  Panel: A ,  W. K i m b a l l  

Background and Sta tus :  TWQ, s t o c k s  of  Paramecium aure  k ia ,  i s o g e n i c  e x c e p t  f o r  
a s i n g l e  g e n e ,  d i f f e r  i n  t h a t  o n e  p r o d u c e s  a s u b s t a n c e  w h i c h  k i l l s  o t h e r  
p a r a m e c i a  and  t h e  o t h e r  i s  a n o n k i l l e r ,  s e n s i t i v e  t o  t h e  k i l l i n g  s u b s t a n c e .  
T w e n t y - e i g h t  c o n j u g a t e  p a i r s  were o b t a i n e d  b e t w e e n  t h e  two s t o c k s ;  t h e  two 
members  o f  e a c h  p a i r  were k e p t  s e p a r a t e l y  a n d  a l l o w e d  t o  d i v i d e ,  a n d  o n e  
p r o d u c t  o f  t h e  f i r s t  d i v i s i o n  f rom e a c h  was d i s c a r d e d .  The o t h e r  p r o d u c t  o f  
e a c h  was a l l o w e d  t o  d i v i d e  a g a i n  and t h e s e  two p r o d u c t s  were k e p t  s e p a r a t e l y  
f o r  s e v e r a l  d a y s  a s  d a i l y  i s o l a t i o n  l i n e s .  T h r e e  d a y s  b e f o r e  autogamy was t o  

b e  o b t a i n e d  two p r o d u c t s  o f  t h e  d i v i s i o n  o f  t h e  s i n g l e  a n i m a l ,  i s o l a t e d  t h e  
day  b e f o r e ,  were  p u t  i n t o  s e p a r a t e  c o n t a i n e r s  and a l l o w e d  t o  m u l t i p l y  t o  form 
s m a l l  mass c u l t u r e s .  From e a c h  c u l t u r e  2 5  autogamous  a n i m a l s  were i s o l a t e d a n d  
checked  f o r  s u r v i v a l .  Thus  f rom e a c h  o r i g i n a l  p a i r  e i g h t  g r o u p s  o f  2 5  a u t o g -  
amous a n i m a l s  were  o b t a i n e d .  

The g e n e r a l  s t a t i s t i c a l  p r o b l e m  was t o  d e t e r m i n e  t o  what  e x t e n t  t h e  
v a r i o u s  s u b d i v i s i o n s  c o u l d  b e  c o n s i d e r e d  homogeneous  w i t h  r e s p e c t  t o  t h e  
p r o p o r t i o n  o f  a n i m a l s  s u r v i v i n g .  C h i - s q u a r e  t e s t s  a t  t h e  f i n a l  s t a g e  i n d i c a t e d  
n o  d i f f e r e n c e s  b e t w e e n  t h e  two g r o u p s  o f  2 5  a n i m a l s  o b t a i n e d  f r o m  t h e  two 
p r o d u c t s  o f  t h e  d i v i s i o n  o f  a s i n g l e  a n i m a l .  F u r t h e r  c h i . , s q u a r e  t e s t s  were 
a p p l i e d  t o  t h e  g r o u p s  of  50  a n i m a l s ,  and t h e  p o o l e d  c h i - s q u a r e s  f o r  b o t h  t h e  
k i l l e r  and s e n s i t i v e  c o n j u g a t e s  were s i g n i f i c a n t  a t  t h e  1 p e r c e n t  l e v e l .  Thus 
i t  was  a p p a r e n t  t h a t  t h e  two d a i l y  i s o l a t i o n  l i n e s  o b t a i n e d  a t  t h e  s e c o n d  
d i v i s i o n  c o u l d  n o t  be c o n s i d e r e d  s a m p l e s  f rom t h e  same p o p u l a t i o n .  The n e x t  
p r o b l e m  was t o  d e t e r m i n e  w h e t h e r  t h e  two l i n e s  o b t a i n e d  f rom a s i n g l e  p a i r  

( k i l l e r  and s e n s i t i v e  c o n j u g a t e s  be ing  c o n s i d e r e d  s e p a r a t e l y )  were more a l i k e  
t h a n  t h e  l i n e s  from p a i r  t o  p a i r .  
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S t a t i s t i c a l l y  t h e  p rob lem may b e  f o r m u l a t e d  a s  . f o l l o w s :  We have  a sample  
of 28  p a i r s  f rom a b i v a r i a t e  p o p u l a t i o n  and  want  t o  e s t i m a t e  t h e  c o r r e l a t i o n .  
I n  t h e  sample ,  however ,  i t  i s  no t  p o s s i b l e  t o  i d e n t i f y  t h e  v a r i a t e s ,  and t h e r e -  
f o r e  t h e  f a m i l i a r  p r o d u c t  -moment c o r r e l a t i o n  c o e f f i c i e n t  c a n n o t  b e  u s e d .  
S i n c e  t h e  o b s e r v a t i o n s  a r e  i n  t h e  form o f  p r o p o r t i o n s  o f  a n i m a l s  s u r v i v i n g ,  
t h e  a r c s i n e  t r a n s f o r m a t i o n  was employed and t h e  r e s u l t i n g  v a r i a t e s  were assumed 
t o  have a b i v a r i a t e  normal  d i s t r i b u t i o n  w i t h  e q u a l  v a r i a n c e s .  I t  can  b e  shown 
t h a t  i n  t h i s  c a s e  t h e  maximum l i k e l i h o o d  e s t i m a t e  o f  t h e  c o r r e l a t i o n  i s  g i v e n  

LY 

where 

i= 1 

- s i  - x i  + y i ,  

E' n 
i =  1 

- 
n - number o f  p a i r s  of  o b s e r v a t i o n s .  

T h i s  s t a t i s t i c  i s  m o s t  o f t e n  r e f e r r e d  t o  a s  t h e  " , i n t r a c l a s s  c o r r e l a t i o n  
c o e f f i c i e n t  ." 
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Two methods  a r e  a v a i l a b l e  f o r  t e s t i n g  whe the r  t h e  p o p u l a t i o n  c o r r e l a t i o n  
c o e f f i c i e n t  p d i f f e r s  f r o m  z e r o .  We may t a k e  ( R .  A .  F i s h e r ,  S t a t i s t i c a l  
Methods  f o r  R e s e a r c h  W o r k e r s ,  1 0 t h  e d . ,  p .  215,  O l i v e r  and Boyd, London, 1 9 4 8 )  

2 = % { l o g  (1 + 8, - l o g  (1 - p">> 

a s  a normal  v a r i a t e  w i t h  z e r o  mean and v a r i a n c e  

On t h e  o t h e r  h a n d ,  w e  may u s e  t h e  l i k e l i h o o d  r a t i o  t e s t ,  w h i c h  i n  t h i s  c a s e  
a m o u n t s  t o  t a k i n g  

a s  an a p p r o x i m a t e  c h i - s q u a r e  w i t h  one  d e g r e e  o f  f r e e d o m .  When t h e s e  t e s t s  

were a p p l i e d  t o  t h e  paramecium d a t a ,  t h e  c o r r e l a t i o n s  were found t o  b e  s i g n i f i -  
c a n t  a t  t h e  5 p e r c e n t  l e v e l  i n  b o t h  t h e  k i l l e r  and  t h e  s e n s i t i v e  c o n j u g a t e s .  

Problem: COMPARISON OF MUTATIONS IN Y E A S T  INDUCED B Y  ULTRAVIOLET IRRADIATION 

Origin: D r .  S. Pomper,  B i o l o g y  D i v i s i o n  

Part i c ipat ing  Members of panel: A .  W .  K i m b a l l ,  B. S. McGi l l  

Background: U l t r a v i o l e t  i r r a d i a t i o n  e x p e r i m e n t s  a r e  b e i n g  c o n d u c t e d  u s i n g  
marked  h a p l o i d  and  d i p l o i d  y e a s t s .  The h a p l o i d  c u l t u r e s  a r e  s i m i l a r  i n  t h a t  
t h e y  b o t h  r e q u i r e  a d e n i n e  and  u r a c i l ,  and  t h e  d i p l o i d  was s y n t h e s i z e d  f rom 
them i n  such  a way t h a t  i t  was homozygous r e c e s s i v e  f o r  a d e n i n e  and u r a c i l  and 
h e t e r o z y g o u s  f o r  t r y p o t o p h a n e  and m e t h i o n i n e .  The p r e s e n t  e x p e r i m e n t s  a r e  
f o c u s i n g  a t t e n t i o n  o n  t h e  a d e n i n e  and u r a c i l  m u t a t i o n  f r e q u e n c i e s .  
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The d a t a  f rom a s i n g l e  e x p e r i m e n t  a r e  d e r i v e d  from t h r e e  s e t s  o f  p l a t e s ,  
One se t  h a s  comple t e  a g a r ,  and t h e  o t h e r  t w o  s e t s  have a g a r  f rom which a d e n i n e  
and  u r a c i l ,  r e s p e c t i v e l y ,  have  been  o m i t t e d .  Each  o f  t h e  t h r e e  s e t s  c o n s i s t s  
o f  p l a t e s  which  h a v e  come from c u l t u r e s  t h a t  h a v e  been  e x p o s e d  t o  u l t r a v i o l e t  
i r r a d i a t i o n  f o r  l e n g t h s  o f  t i m e  v a r y i n g  from 0 t o  1 6  min ,  U r a c i l a n d  a d e n i n e  
m u t a t i o n  f r e q u e n c i e s  a r e  computed by compar ing  t h e  p l a t e  c o u n t s  f o r  d e f i c i e n t  
a g a r  s e t s  w i t h  t h e  c o m p l e t e  a g a r  p l a t e  c o u n t s ,  The p r o b l e m  i s  c o m p l i c a t e d  
b y  t h e  f a c t  t h a t  a t  h i g h e r  d o s e s  some k i l l i n g  r e s u l t s  i n  t h e  comple t e -aga r  set . ,  

Status:  A p r e v i o u s  a n a l y s i s  h a s  e s t a b l i s h e d  t h a t  t h e  c o u n t s  f o l l o w  t h e  
P o i s s o n  l a w ,  s o  t h a t  t h e  s q u a r e  r o o t  t r a n s f o r m a t i o n  was employed  b e f o r e  s u b -  
j e c t i n g  a n y  of  t h e  d a t a  t o  a n a l y s i s  o f  v a r i a n c e .  The f i r s t  two a n a l y s e s  based  
on  s e v e n  d i p l o i d  and s i x  h a p l o i d  e x p e r i m e n t s ,  r e s p e c t i v e l y ,  showed t h a t  k i l l i n g  
b e g i n s  t o  h a v e  a s i g n i f i c a n t  e f f e c t  a f t e r  8 min i n  t h e  d i p l o i d  o r g a n i s m  and 
4 min  i n  t h e  h a p l o i d  o r g a n i s m .  The  a p p a r e n t  i n c r e a s e d  s e n s i t i v i t y  of t h e  
h a p l o i d  i s  due  p r o b a b l y  t o  t h e  t e n d e n c y  of t h e  h a p l o i d s  t o  a g g r e g a t e  i n s m a l l  
c l u s t e r s .  

I t  is b e l i e v e d  t h a t  t h i s  d i f f i c u l t y  c a n  be ove rcome  by s u b j e c t i n g  a l l  
c u l t u r e s  t o  s o n i c  or u l t r a s o n i c  t r e a t m e n t  b e f o r e  i r r a d i a t i o n .  A few e x p e r i -  
m e n t s  o f  t h i s  t y p e  h a v e  been  c o n d u c t e d ,  and an  a n a l y s i s  o f  v a r i a n c e  o f  t h e  
m u t a t i o n  f r e q u e n c i e s  o v e r  a t o t a l  o f  16 e x p e r i m e n t s  i s  now b e i n g  c o m p u t e d .  
The d a t a  a r e  n o n o r t h o g o n a l  w i t h  some s u b c l a s s e s  c o n t a i n i n g  n o  o b s e r v a t i o n s ,  s o  
t h a t  t h e  a n a l y s i s  must  be p e r f o r m e d  by t h e  l e n g t h y  l e a s t - s q u a r e s  p r o c e d u r e .  
I n  t h i s  example  i t  r e q u i r e s  t h e  i n v e r s i o n  o f  two 2 0  by 2 0  m a t r i c e s ,  and  work 
i s  be ing  done  on t h e  NEPA d i g i t a l  computer  w i t h  t h e  a s s i s t a n c e  o f  J. J .  S t o n e  
who i s  t h e  d e s i g n e r  o f  t h e  m a c h i n e .  When c o m p l e t e d  t h e  a n a l y s i s  w i l l  e n a b l e  
u s  t o  e v a l u a t e  t h e  e f f e c t  o f  u l t r a s o n i c  t r e a t m e n t  i n  h a p l o i d s  and d i p l o i d s  and 
a l s o  p r o v i d e  a t e s t  f o r  i n t e r a c t i o n .  

problem: ESTIMATION OF TOTAL ABSORPTION BY T H E  BLOOD OF RADIOCALCIUM A D -  
MINISTERED O R A L L Y  IN DAIRY C A T T L E  

Or ig in :  Dr. S. L .  H a n s a r d ,  Dr. C. L. Comar ,  UT-AEC A g r i c u l t u r a l  R e s e a r c h  
P r o g r a m  

P a r t i c i p a t i n g  Member o f  Pane l :  A .  W .  K i m b a l l ,  C. L.  P e r r y ,  J .  Moshman, 
B.  S .  M c G i l l ,  G .  J .  A t t a  
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Background:  When r a d i o c a l c i u m  i s  a d m i n i s t e r e d  i n t r a v e n o u s l y  t o  a cow a n d  

b l o o d  s p e c i m e n s  a r e  t a k e n  a t  p e r i o d i c  i n t e r v a l s  a f t e r  a d m i n i s t r a t i o n ,  t h e  
amaun t  o f  r a d i o c a l c i u m  p r e s e n t  i n  t o t a l  b lood  ( e x p r e s s e d  a s  a p e r c e n t a g e  of 
t h e  i n i t i a l  d o s e )  when p l o t t e d  a g a i n s t  t i m e  a f t e r  i n i t i a l  d o s e  b e h a v e s  a s  

Time A f t e r  I n j e c t i o n  

T h i s  b e h a v i o r  h a s  b e e n  f o u n d  i n  d i f f e r e n t  a n i m a l s ,  a t  a b o u t  t h e  same l e v e l s .  
When r a d i o c a l c i u m  i s  a d m i n i s t e r e d  o r a l l y ,  t h e  r e s p o n s e  l o o k s  a b o u t  l i k e  t h a t  
shown i n  F i g .  2 .  

r 

Time A f t e r  I n j e c t i o n  
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A f t e r  o r a l  a d m i n i s t r a t i o n  t h e  r a d i o c a l c i u m  i s  a t  t h e  same t ime b e i n g  a b s o r b e d  
b y  and  r e l e a s e d  from t h e  b lood  s t r e a m  t h r o u g h  r e l a t i v e l y  c o m p l i c a t e d  p h y s i o l o g i  - 
c a l  p r o c e s s e s .  The e x p e r i m e n t e r s  would l i k e  t o  know what t h e  amount o f  r a d i o -  
c a l c i u m  i n  t h e  b l o o d  ( a s  a f u n c t i o n  o f  t ime  a f t e r  i n i t i a l  o r a l  d o s e )  would be 

i f  none  o f  t h e  c a l c i u m  were e v e r  r e l e a s e d  from t h e  b l o o d .  

Status:  The most  s i m p l e  f o r m u l a t i o n  o f  t h e  problem would b e g i n  w i t h  t h e  r a t e  
r e  l a  t i  on 

( R a t e  o f  a c c u m u l a t i o n )  = ( r a t e  o f  a b s o r p t i o n )  - ( r a t e  o f  r e l e a s e )  ( 1 )  

I t  maybe  assumed t h a t  t h e  r a t e  o f  r e l e a s e  i s  a f u n c t i o n  o f  t h e  amount p r e s e n t ,  
and t h a t  t h i s  r a t e  d e t e r m i n e d  from g ( t ) ,  i . e . ,  

[ l o o  - g ( t ) l  ’ = q5 (amount p r e s e n t ) ,  

i s  a p p l i c a b l e  t o  a n y  amount  p r e s e n t  i n  t h e  b l o o d  r e g a r d l e s s  o f  t h e  method o f  
a d m i n i s t r a t i o n  o f  t h e  i n i t i a l  d o s e .  I n  Eq. ( I ) ,  wh ich  i n v o l v e s  u n i t s  o f  t ime 

a f t e r  o r a l  a d m i n i s t r a t i o n ,  t h e  amount p r e s e n t  a t  t i m e  t i s  f ( t ) .  A c c o r d i n g l y ,  
i f  w e  l e t  h ’ ( t )  b e  t h e  r a t e  o f  a b s o r p t i o n ,  we must h a v e  

or, upon i n t e g r a t i o n ,  

I n  o r d e r  t o  o b t a i n  a p p r o x i m a t i o n s  t o  f ( t )  and +, c a l c u l a t i o n s  i n v o l v i n g  
t h e  e x p e r i m e n t a l  d a t a  a r e  b e i n g  p e r  fo rmed .  If s a t i s f a c t o r y  e x p r e s s i o n s  a r e  
f o u n d ,  i t  w i l l  be p o s s i b l e  t o  d e t e r m i n e  a r e a s o n a b l y  a c c u r a t e  r e p r e s e n t a t i o n  
f o r  h ( t ) .  
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problem: BETA DECAY (FERMI FUNCTIONS) 

o r i g i n :  D r .  M .  E .  R o s e ,  P .  R .  B e l l ,  p h y s i c s  D i v i s i o n  

P a r t i c i p a t i n g  Members of panel: N .  M. Dismuke ,  M. R .  A r n e t t e  

Background: See p r e v i o u s  q u a r t e r l y  r e p o r t s .  

S t a t u s :  Work h a s  b e e n  resumed on c o e f f i c i e n t s  and  c o r r e c t i o n  f a c t o r s  t o  be 
c a l c u l a t e d  f o r  f o r b i d d e n  t r a n s i t i o n s .  I t  i s  e x p e c t e d  t h a t  m a c h i n e  t ime w i l l  
b e  a v a i l a b l e  d u r i n g  t h e  n e x t  q u a r t e r  f o r  t h e s e  c a l c u l a t i o n s  

V a l u e s  o f  t h e  a l l o w e d  Fermi f u n c t i o n s  f o r  p = 0 were c a l c u l a t e d  b y  hand  
t o  i n c o r p o r a t e  i n  t h e  t a b l e  o f  Fa's comple t ed  e a r l i e r .  S c r e e n i n g  c o r r e c t i o n s  
w i l l  b e  c a l c u l a t e d  a f t e r  t h e  p r o b l e m  o f  f o r b i d d e n  t r a n s i t i o n s  i s  f i n i s h e d .  

problem: RaE BETA SPECTRUM 

Origin: Dr. M .  E .  Rose ,  P h y s i c s  D i v i s i o n  

Part i c ipat ing  Member of  Panel: N. M. Dismuke 

Background: T h i s  c a l c u l a t i o n  i s  a n  a t t e m p t  t o  f i t  t h e  RaE B e t a  Spec t rum.  

S t a t u s :  The r a t i o s  F, , /F ,  ( a v a i l a b l e  f rom t h e  Fermi f u n c t i o n  c a l c u l a t i o n s ,  
a b o v e )  n e e d e d  f o r  t h i s  c a l c u l a t i o n  mus t  f i r s t  be  c h e c k e d  by d i f f e r e n c i n g .  

When t h i s  h a s  b e e n  done t h e  f a c t o r s  t o  b e  used i n  t h e  f i t t i n g  can b e  c a l c u l a t e d .  
S i n c e  t h e  number o f  o p e r a t i o n s  i s  l a r g e  compared  w i t h  t h e  number o f  t imes  a 
g i v e n  o p e r a t i o n  i s  p e r f o r m e d ,  t h e  c o m p u t a t i o n s  w i l l  b e  done  on  IBM machines ,  
u s i n g  a g e n e r a l  b o a r d  f o r  t h e  a r i t h m e t i c  o p e r a t i o n s  a 

problem: RABBIT HEMATOCRIT RATIOS USING F e S 9  and P 3 2  TRACERS 

Origin: D r .  J .  B. Kahn, Jr., B i o l o g y  D i v i s i o n  

Part i c ipat ing  Members of Panel: J .  Moshman, B. S. M c G i l l  

Background: The r a t i o  o f  a v e r a g e  body t o  p e r i p h e r a l  h e m a t o c r i t s  was d e t e r m i n e d  
f o r  two s e r i e s  o f  r a b b i t s ,  one u s i n g  F e S 9  a s  a t r a c e r  e l e m e n t  i n  d e t e r m i n i n g  
c e l l  and p lasma volumes ,  t h e  o t h e r  p32. The problem i n v o l v e d  t h e  c o m p a r a b i l i t y  
of  t h e  two s e r i e s .  

A c u r s o r y  e x a m i n a t i o n  o f  t h e  d a t a  r e v e a l e d  t h a t  f o r  e a c h  o f  t h e  s i x  F e S 9  
r a b b i t s ,  t h e  f i r s t  o f  t h e  t h r e e  d e t e r m i n a t i o n s  was l o w e r  t h a n  t h e  o t h e r  two.  
T h i s  was t r a c e d  t o  a f a u l t y  i n s t r u m e n t  c a l i b r a t i o n  and  d i s c a r d e d  f r o m  t h e  
a n a l y s i s .  
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A n a l y s i s  o f  v a r i a n c e  showed t h a t  v a r i a t i o n  o f  r e a d i n g s  w i t h i n  d i f f e r e n t  
r a b b i t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h e  v a r i a t i o n  b e t w e e n  r a b b i t s .  

The d i f f e r e n c e  between b o t h  g r o u p s  was t h e n  found t o  be  h i g h l y  s i g n i f i c a n t  
b y  t h e  tr,tltl t e s t  ( P  < 0 . 0 0 1 )  and  95 p e r c e n t  c o n f i d e n c e  l i m i t s  were f i n a l l y  
computed  f o r  e a c h  g r o u p  s e p a r a t e l y .  

S t a t u s :  Comple t  e d .  

Problem: OPERATION GREENHOUSE 

Or ig in :  D r .  J .  F u r t h ,  B i o l o g y  D i v i s i o n  

P a r t i c i p a t i n g  Member o f  Panel :  J .  Moshman 

Background: I n  a f o r t h c o m i n g  t e s t  o f  a t o m i c  e x p l o s i v e s  i n  t h e  P a c i f i c ,  g r o u p s  
o f  mice w i l l  b e  e x p o s e d  a t  d i f f e r e n t  l e v e l s  o f  e x p e c t e d  r a d i o a c t i v i t y  a n d  
n e u t r o n  bombardment .  A f t e r  a 30 -day  p e r i o d ,  s u r v i v i n g  mice  w i l l  be f l o w n  t o  
Oak R i d g e  f o r  e x t e n d e d  s t u d y .  T h i s  may be  t h e  f i r s t  s u c c e s s f u l  p l a n n e d  i n -  
v e s t i g a t i o n  o f  t h e  e f f e c t s  o f  a n  a t o m i c  bomb on mammals. The i n v e s t i g a t i o n  
w i l l  c o n c e n t r a t e  on t h e  e f f e c t s  on l o n g e v i t y ,  neoplasm i n c i d e n c e ,  and c a t a r a c t  
f o r m a t i o n .  

Status:  P r e l i m i n a r y  methods  o f  s t a t i s t i c a l  a n a l y s i s  h a v e  been  f o r m u l a t e d .  A 
punch  c a r d  p r o t o c a l  s u i t a b l e  f o r  r e c o r d i n g ,  t a b u l a t i o n ,  and a n a l y s i s  o f  t h e  
d a t a  h a s  been  p r e p a r e d  a n d  t e n t a t i v e l y  a p p r o v e d  b y  t h e  o t h e r  p a r t i c i p a n t s  
conce rned  i n  t h e  p r o j e c t .  A c o m p l e t e  " p r e o p e r a t i o n s " '  r e p o r t  h a s  been  s u b m i t t e d  
t o  t h e  Navy f o r  f i n a l  a p p r o v a l .  

Problem: EFFECT OF DINITROPHENOL ON MITOSIS 

O r i g i n :  Dr. M. E .  G a u l d e n ,  M. N i x ,  B i o l o g y  D i v i s i o n  

Part ic ipat ing  Members o f  Panel: J. Moshman, B. S. McGill  

Background: E i g h t  g r a s s h o p p e r  embryos  f r o m  f o u r  e g g  c a s e s  were g i v e n  a d o s e  
o f  0 .1  x p g  of d i n i t r o p h e n o l  and t h e i r  m i t o t i c  a c t i v i t y  was compared w i t h  
e i g h t  o t h e r  s i s t e r  embryos f rom t h e  same egg  c a s e s .  

The a n a l y s i s  t o o k  t h e  form o f  a t h r e e - w a y  a n a l y s i s  of  v a r i a n c e  w i t h  
p r o p o r t i o n a l  s u b c l a s s e s  s i n c e  unequa l  numbers o f  embryos were c h o s e n  f r o m  e a c h  
egg  c a s e .  I n  o r d e r  t o  s t a b i l i z e  t h e  v a r i a n c e ,  t h e  t r a n s f o r m a t i o n  
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was employed ,  w h e r e  x r e p r e s e n t e d  t h e  number o f  c e l l s  c o u n t e d ,  t h e  i n d e x  o f  
m i t o t i c  a c t i v i t y .  

I t  was found t h a t  t h e  F r a t i o  be tween  t r e a t e d  and c o n t r o l  was o n l y  0 .03 ,  
b u t  t h a t  between egg  c a s e s  was 10 .81  which ,  w i t h  3 and 173  d e g r e e s  of f r eedom,  
was s i g n i f i c a n t  on t h e  0 .005  l e v e l .  

S t a t u s :  The l a c k  of  s i g n i f i c a n c e  due  t o  t r e a t m e n t  was e x p e c t e d  by t h e  b i o l o -  
g i s t s  i n  v i e w  o f  t h e  e x t r e m e l y  s m a l l  d o s e ,  b u t  t h e r e  was n o  i m m e d i a t e  e x -  
p l a n a t i o n  o f  t h e  h e t e r o g e n e i t y  be tween e g g  c a s e s .  The l a t t e r  i s  b e i n g  checked  
f o r  r e p r o d u c i b i l i t y  i n  a s e r i e s  of e x p e r i m e n t s  c u r r e n t l y  i n  p r o g r e s s .  

Problem: EFFECT OF R A D I A T I O N  ON P E A N U T  PLANTS BY DOSE AND SOURCE 

o r i g i n :  Dr. G. R. Noggle ,  B i o l o g y  D i v i s i o n  

p a r t i c i p a t i n g  Members of p a n e l :  J .  Moshman, B, S. M c G i l l  

Background: An e x p e r i m e n t  was pe r fo rmed  t o  i n v e s t i g a t e  t h e  e f f e c t  on  a p e a n u t  
p l a n t  o f  s i x  d o s a g e s  e a c h  o f  x and y r a d i a t i o n .  The v a r i a b l e s  s t u d i e d  were: 
( i n d e x  1 )  number o f  e x p a n d e d  l e a v e s  o n  t h e  ma in  s t e m ;  ( i n d e x  2) number o f  
e x p a n d e d  l e a v e s  on t h e  c o t y l e d o n a r y  s t e m s ;  and ( i n d e x  3 )  h e i g h t  o f  t h e  m a i n  
s tem.  

The d a t a  were p l a c e d  o n  punch c a r d s  and a t h r e e - w a y  a n a l y s i s  o f  v a r i a n c e  
was r u n  p a r t i t i o n i n g  t h e  v a r i a n c e  by s o u r c e  of i r r a d i a t i o n ,  d o s e ,  and g r e e n -  
house bench on which  t h e  p l a n t s  were r a i s e d .  The re  were two r e p l i c a t i o n s .  I t  
was f o u n d  t h a t  f o r  a l l  t h r e e  i n d i c e s  t h e r e  w a s  a s i g n i f i c a n t  ( P  < 0 . 0 0 5 )  
v a r i a t i o n  between d o s a g e s  and b e n c h e s .  The d i f f e r e n c e  between X and y r a d i a -  
t i o n  was n o t  s i g n i f i c a n t  for i n d e x  2 above .  S o u r c e  x dose  a n d  d o s e  X b e n c h  
i n t e r a c t i o n s  were s i g n i f i c a n t  f o r  t h e  f i r s t  i n d e x  o n l y .  

Major i n t e r e s t  was c o n c e n t r a t e d  on d o s e  e f f e c t s ,  F o l l o w i n g  t h e  p r o c e d u r e  
o f  Tukey ( B i o m e t r i c s  5 ,  99-114) f o r  compar ing  i n d i v i d u a l  means i n  t h e  a n a l y s i s  
o f  v a r i a n c e ,  t h e  d o s e s  were  p a r t i t i o n e d  i n t o  homogeneous  g r o u p s  a s  f o l l o w s :  
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where e a c h  b r a c k e t  e n c l o s e s  a g r o u p  o f  d o s e s  whose e f f e c t s  were n o t  s i g n i f i -  
c a n t l y  d i f f e r e n t  from e a c h  o t h e r .  

problem: ( C o n t i n u a t i o n ) :  DETERMINATION OF NEUTRON FLUX IN ORNL PILE 

o r i g i n :  Dr. D. K .  Holmes, p h y s i c s  D i v i s i o n  

p a r t i c i p a t i n g  Member o f  P a n e l :  J .  Moshman 

Background: A s  r e p o r t e d  i n  Q W L - 8 8 8 ,  programming f o r  t h i s  problem was i n  p r o g -  
ress  a t  t h e  t i m e  o f  i s s u a n c e  o f  t h a t  r e p o r t .  I t  d e v e l o p e d  t h a t  a s t r a i g h t -  
f o r w a r d  Monte  C a r l o  p r o c e d u r e ,  m a i n t a i n i n g  t h e  c r o s s  - s e c t i o n a l  a c c u r a c i e s  
demanded, o v e r t a x e d  t h e  IBM program c a p a c i t y  o r  i n v o l v e d  a p r o h i b i t i v e l y  long  
t ime p e r i o d  f o r  t h e  c a l c u l a t i o n s .  

R e c o u r s e  h a s  now b e e n  made t o  c o n s i d e r a t i o n  o f  a u n i t  c r o s s - s e c t i o n a l  
c e l l  o f  t h e  p i l e  l a t t i c e .  C o n s i d e r  a s c h e m a t i c  d r a w i n g  of  a p a r t  o f  t h e  
c r o s s - s e c t i o n a l  v i e w  o f  t h e  p i l e  ( F i g .  3 ) .  

E a c h  n e u t r o n  would o r i g i n a t e  i n  t h e  r o d  l o c a t e d  a t  ( 0 ,  0 ) .  Whenever i t  

s t r i k e s  a boundary  o f  t h e  u n i t  c e l l ,  i t  i s  c o n t i n u e d  t h r o u g h  from t h e  o p p o s i t e  
s i d e .  We may f o l l o w  a s a m p l e  n e u t r o n  f l i g h t ,  f o r  e x a m p l e ,  o n e  l i k e  t h a t  i n  
t h e  f i g u r e  g i v e n  by t h e  s o l i d  l i n e ,  where t h e  a r r o w s  i n d i c a t e  t h e  d i r e c t i o n  o f  
l i g h t .  A c h a n g e  o f  d i r e c t i o n  r e s u l t s  f rom a c o l l i s i o n .  The s a m p l e  f l i g h t ,  
f o r  i n s t a n c e ,  p a s s e s  t h r o u g h  t h e  s m a l l  s q u a r e  n e a r  ( 0 . 5 ,  0 . 5 ) .  



. 

T h i s  f l i g h t ,  i n  a s e n s e ,  may b e  unwound. We c a l l  t h e  i n i t i a l  l e g  o f  t h e  
f l i g h t  ( 0 ,  0 ) .  T h e n ,  i n  g e n e r a l ,  i f  t h e  n e u t r o n  s t r i k e s  a b o u n d a r y ,  t h e  
f o l l o w i n g  f o r m u l a s  a r e  f o l l o w e d :  

BOUNDARY 

Left 

Upper 
Right 

Lower 

CONVERSICN 

I n  t h i s  m a n n e r ,  a s  i n d i c a t e d  i n  t h e  d i a g r a m  by t h e  d o t t e d  l i n e ,  t h e  
n e u t r o n  i s  unwound t o  ( 0 ,  2 ) .  By t r a n s l a t i o n  , a n e u t r o n  whose p a t h  t a k e s  t h e  
same form would o r i g i n a t e  a t  t h e  ( - l p  1)  rod  and p roceed  i n t o  t h e  ( - 0 . 5 ,  - 0 . 5 )  
c o r n e r  s q u a r e .  T h i s  i s  i n d i c a t e d  by t h e  d a s h e d  l i n e .  H e n c e ,  s o l e l y  b y  a 
c o n s i d e r a t i o n  o f  t h e  u n i t  c e l l ,  w e  may f i n d  t h e  c o n t r i b u t i o n  t o  t h e  f l u x  
t h r o u g h  a n y  r e g i o n  f r o m  a l l  r o d s  i n  t h e  p i l e .  

By c a r r y i n g  a l o n g  t h e  "pseudo-rod-coordinates"we c a n  a t  any  t ime e l i m i n a t e  
c o n t r i b u t i o n s  f r o m  a n y  d e s i r e d  c o l l e c t i o n  o f  f u e l  r o d s ,  s u c h  a s  wou ld  b e  
d e s i r e d  when f i n d i n g  t h e  f l u x  n e a r  a c o r n e r  o f  t h e  c u b e .  

The p r o b l e m  o f  d e t e r m i n i n g  w h e t h e r  or n o t  t h e  n e u t r o n  f l i g h t  i s  i n t e r -  
c e p t e d  by a rod  i f  i t  o r i g i n a t e s  i n  t h e  m o d e r a t o r  a n d ,  i f  s o ,  t h e  c o o r d i n a t e s  
a t  t h e  i n i t i a l  p o i n t  o f  c o n t a c t ,  h a s  been  r e s o l v e d  a s  f o l l o w s :  

Le t  t h e  c o o r d i n a t e s  of  t h e  i t h  c o l l i s i o n  be  r e p r e s e n t e d  by ( x i ,  y i ,  z i ) .  

I t  i s  foupd t h a t  t h e  n e u t r o n  would t h e n  h a v e  d i r e c t i o n  c o s i n e s  l i ,  m i ,  ni and 
a f l i g h t  p a t h  p i .  Then t h e  e q u a t i o n  o f  t h e  r e f l e c t i o n  o f  t h e  l i n e  o f  f l i g h t  
i n  t h e  X Y  p l a n e  i s  

where  
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f i  = J X .  

. Then 

( m i x )  + ( - l i y )  - ( m i x i  - Z i y i )  0 

or 

B u t  t h i s  i s  t h e  n o r m a l  form o f  t h e  e q u a t i o n  of a s t r a i g h t  l i n e  a n d  t h e r e f o r e  
t h e  d i s t a n c e  from (0 ,  O ) ,  t h e  o n l y  rod  a d m i s s i b l e ,  i s  s i m p l y  

m i x i  - l i y i  

f i  
P =  

I f  r i s  t h e  r a d i u s  o f  t h e  rod  and p > r ,  t h e n e u t r o n  d o e s  n o t  e n t e r  a r o d ;  
i f  p < r, t h e  n e u t r o n  d o e s  e n t e r  a r o d ;  and, i f  p = r ,  t h e  n e u t r o n  s t r i k e s  a 
rod t a n g e n t i a l 1  y. 

I f  p ,< r ,  we w i s h  t o  know t h e  c o o r d i n a t e s  o f  t h e  p o i n t  o f  n e a r e s t  c o n -  
t a c t .  T h i s  r e s u l t s  f rom t h e  n e u t r o n  g o i n g  a d i s t a n c e  6 < p,i and 

which i s  a q u a d r a t i c  i n  6, 

3 4  



Hence 

2 ( Z i 2  t m i 2 )  

where t h e  s m a l l e r  v a l u e  of  6 i s  c h o s e n .  

From a mach ine  v i e w p o i n t ,  i n s t e a d  o f  e x t r a c t i n g  t h e  r o o t  i n  a s t r a i g h t -  

f o r w a r d  manner  w e  may t a k e  Eq. ( 2 )  and s e t  

6 =  
( Z i 2  t m i 2 ) 8  z i 2  t m i  2 

The c o e f f i c i e n t  o f  1 / 8  i s  a l w a y s  n e g a t i v e ,  
s i d e  t h e  r o d  x i 2  + y i 2  > r and t h e  c o n s t a n t  i n  Eq. 
s i n c e ,  t o  s t a r t  a t  ( x i ,  y i )  and head  t o w a r d  (0 ,  O), l i ,  
m u s t ,  p a i r w i s e ,  be of  o p p o s i t e  s i g n .  We may t h e n  w r i t e  Eq. ( 3 )  a s  

s i n c e  Z i 2  + m i 2  >/ 0 and o u t -  

( 3 )  i s  a l w a y s  p o s i t i v e ,  
and x i , a n d  m i  and y i  

and s o l v e  i t e r a t i v e l y .  I f  6 '  i s  a s o l u t i o n  o f  Eq.  ( 4 ) ,  a n o t h e r  s o l u t i o n  i s  
B - 6.' and t h e  d e s i r e d  s o l u t i o n  i s  
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The c o o r d i n a t e s  of t h e  p o i n t  o f  e n t r y  or c o n t a c t  a r e  ( n l  + 1 *8*,  y l  -t m 1 8 * ) .  

If t h e  n e u t r o n  i s  i n  a r o d  and  i t  i s  d e s i r e d  t o  f i n d  t h e  p o i n t  o f  e x i t ,  
i f  i t  e x i s t s ,  t h a t  i s ,  i f  p < r ,  where  p i s  a s  d e f i n e d  i n  Eq.  ( I ) ,  an e n t i r e l y  
a n a l o g o u s  p r o c e d u r e  i s  f o l l o w e d ,  w i t h  minor  m o d i f i c a t i o n s .  

A 6 *  a s  i n  Eq. ( 5 )  i s  u n d e s i r a b l e  s i n c e  o n l y  o n e  6 i s  a d m i s s i b l e ,  wh ich  
may b e  e i t h e r  6 '  or B - 6 ' ;  wemay c o n s i d e r  o u r s e l v e s  a t  ( x i  + p i l i ,  y i  -t p t i m i )  
r a t h e r  t h a n  ( x i ,  y i )  and t h e n  f i n d  6 *  as  im Eq; '(5). 

I n  t h e  e v e n t  t h a t  

l i 2  + m i 2  = 0, 

t h e n  l i  
v e r t i c a l l y  i n  t h e  z d i r e c t i o n .  We t h e n  l e t  

= m i  = 0, and  n i  = 1, a n d  c o n s e q u e n t l y  t h e  n e u t r o n  i s  t r a v e l i n g  

and w e  have  a c o l l i s i o n  a t  ( x i + l J  y i + l J  ziti) which  n e c e s s i t a t e s  f i n d i n g  a new 

e n e r g y  l e v e l ,  new d i r e c t i o n  c o s i n e s  l i t l ,  m i + r ,  n i + l ,  a new f l i g h t  l e n g t h  
P i + l p  and  t h e n  p r o c e e d i n g  a s  b e f o r e .  

s t a t u s :  The m o d i f i c a t i o n s  d e s c r i b e d  a b o v e  t o  t h e  p r o c e d u r e  a r e  b e i n g  i n -  
c o r p o r a t e d  i n t o  t h e  IBM programming w i t h  t h e  a i d  and c o o p e r a t i o n  o f  E. , B e  . C a r t e r  
o f  t h e  K-25 C e n t r a l  S t a t i s t i c a l  L a b o r a t o r y .  

Problem: NUCLEAR DATA ON PUNCHED CARDS 

or ig in :  Dr. K a t h a r i n e  Way, N a t i o n a l  B u r e a u  o f  S t a n d a r d s  

Part i c ipat ing  Members of Panel: N .  M. Dismuke, C. P e r h a c s  
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Background: See l a s t  q u a r t e r l y  r e p o r t -  (ORNL-888) 

S t a t u s :  Proposal for Putting Nuclear D a t a  on Punched Cards , ORNL-883, h a s  
b e e n  i s s u e d .  

Among t h e  d a t a  t o  be i n c l u d e d  o n  punched  c a r d s  a r e  log  f t  v a l u e s ,  w h i c h  
i n d i c a t e  t h e  t y p e  P s p e c t r u m  f o r  a g i v e n  P e m i t t e r .  E .  F e e n b e r g  a n d  G.  L. 
T r i g g , ( ' )  and L. W.  N o r d h e i m ( 2 )  have  l i s t e d  some of  t h e s e  v a l u e s .  To c o m p l e t e  
t h e s e  l i s t s  a s  n e a r l y  a s  p o s s i b l e  and t o  r e v i s e  o l d  v a l u e s  i n  c a s e  newer  h a l f  
l i v e s ,  t ,  a r e  known,  a r e v i s e d  l i s t  o f  l o g  f t  v a l u e s  was c a l c u l a t e d .  Log f 
v a l u e s  were r e a d  f rom t h e  F e e n b e r g  and  T r i g g ( 1 )  c u r v e s ;  t v a l u e s  were t a k e n  
f rom K. Way's  Nuclear Data. ( 3  ) 

Re f e r  e nce  s 

( 1 )  E. F e e n b e r g  a n d  G. L. T r i g g ,  Tables of Comparative Half L i v e s  
of Radioactive Transitions , W a s h i n g t o n  U n i v e r s i t y ,  S t .  L o u i s ,  
M i  s s o u r  i. 

( 2 )  L. W .  N o r d h e i m ,  Tables for P - D e c a y  Systematics, Los Alamos  
S c i e n t i f i c  L a b o r a t o r y ,  Los Alamos,  N e w  Mexico ,  May 1950 .  

Nuclear Data, NBS C i r c u l a r  No. 499 ,  J a n u a r y  1950. 
( 3 )  K a t h a r i n e  Way, L i l l a  Fano,  M i l l i c e n t  R. S c o t t ,  and  K o r i n  Thew, 

problem: R E V I E W I N G  T H E  M A T H E M A T I C S  I N  A STUDY OF STRESS-STRAIh'-TIM FUNCTIONS 
OF METALS, ORNL CF-50-10-132 and CF-50-10-132A. 

O r i g i n :  Dr. A.  G .  H. Ander sen ,  M e t a l l u r g y  D i v i s i o n  

P a r t i c i p a t i n g  Member of P a n e l :  C. L. P e r r y  

Background and S t a t u s :  See Mathematics Pane 1 Quarterly progress Report for 

Period Ending October 31, 1950, ORNL-888. Ds. A n d e r s e n  h a s  m o d i f i e d  p a r t s  of 

t h e  r e p o r t s  ORNL CF-50-10-132 and  ORNL CF-50-10-132A. T h e s e  r e v i s e d  r e p o r t s  
h a v e  b e e n  r e v i e w e d  by t h e  P a n e l .  

Problem: HEAT TRANSFER BY A FLUID HLOWING WITH A SLUG FLOW I N  A HOT PIPE 
O r i g i n :  H .  C. C l a i b o r n e ,  R e a c t o r  Technology D i v i s i o n  

P a r t i c i p a t i n g  Member of p a n e l :  C. L. P e r r y  

Background: See Mathematics Panel Quarter ly Progress Report for the per iod 

Ending July 31, i 9 5 0 a  ( o R N L - ~ ~ ~ ) ,  

S t a t u s :  Mr. C l a i b o r n e  i s  now f i n i s h i n g  t h e  w r i t e - u p  o f  h i s  i n v e s t i g a t i o n s .  
The M a t h e m a t i c s  P a n e l  r e v i e w e d  p a r t  o f  h i s  w r i t i n g s .  
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problem: MONTE CARLO ESTIMATE OF A G E  AND COLLISION DISTRIBUTION IN TISSUE FOR 
10-  MeV SOURCE NEUTRONS 

Origin: D r .  W .  S. Snyder  and D r .  J .  N e u f e l d ,  H e a l t h  p h y s i c s  D i v i s i o n  

Part i c ipat ing  Member of Panel: M .  R .  A r n e t t e  

Background: See t h e  f o l l o w i n g  M a t h e m a t i c s  P a n e l  Q u a r t e r l y  P r o g r e s s  R e p o r t s :  
OWL-345 ( p e r i o d  e n d i n g  F e b r u a r y  1 9 4 9 ) ,  ORNL-408 ( p e r i o d  e n d i n g  J u l y  31 ,  19491, 
OWL-726 ( p e r i o d  e n d i n g  A p r i l  3 0 ,  1 9 5 0 ) ,  ORNL-818 ( p e r i o d  e n d i n g  J u l y 3 1 ,  19501, 
ORNL-888 ( p e r i o d  e n d i n g  O c t o b e r  31, 1 9 5 0 ) .  

S t a t u s :  The IBM r e s u l t s  f o r  t h e  c o l l i s i o n  d e n s i t i e s  a p p e a r e d  t o  h a v e  two  
t a b u l a t i o n  e r r o r s .  The s o u r c e  o f  t h e s e  e r r o r s  h a s  been found and t h e  t a b u l a t i o n  
c o r r e c t e d .  

Problem: RADIOACTIVITY OF ALIGNED AND UNALIGNED SAMPLES 

Origin: C .  P. S t a n f o r d ,  Low T e m p e r a t u r e  P h y s i c s  

Part ic ipat ing  Members of Panel: J .  Moshman, C. L. P e r r y  

Background: 

O c t o b e r  3 1 ,  1950, ORNL-888. 

Status:  The Low T e m p e r a t u r e  P h y s i c s  Group and M a t h e m a t i c s  P a n e l  have  d i s c u s s e d  
t h e  method o f  c a l c u l a t i o n  ( s e e  r e f e r e n c e  g i v e n  a b o v e )  p r o p o s e d  by t h e  Mathe -  
m a t i c s  P a n e l  i n  a j o i n t  s e m i n a r .  The Low T e m p e r a t u r e  P h y s i c s  Group  a r e  p e r -  
f o rming  t h e  c a l c u l a t i o n s .  

See M a t h e m a t i c s  Pane 1 Q u a r t e r l y  P r o g r e s s  R e p o r t  for  P e r i o d  E n d i n g  

problem: INTERPOLATION O N  COMPUTED VALUES OF INTERNAL CONVERSION COEFFICIENTS 
( K - s h e l l )  

Origin: D r .  M .  E .  Rose, P h y s i c s  D i v i s i o n  

P a r t i c i p a t i n g  Members o f  p a n e l :  C. P e r h a c s ,  E .  A .  F o r b e s ,  M .  L. N e l s o n ,  
N .  M .  D i s m u k e ,  C. L. P e r r y  

Background and Sta tus :  See t h e  f o l l o w i n g  Q u a r t e r l y  P r o g r e s s  R e p o r t s :  P h y s i c s  
D i v i s i o n ,  ORNL-228 ( f o r  p e r i o d  e n d i n g  November 1 9 4 8 ) ;  M a t h e m a t i c s  Pane  1, 
ORNL-345 ( f o r  p e r i o d  e n d i n g  F e b r u a r y  1 9 4 9 ) ,  OWL-408 ( f o r  p e r i o d  e n d i n g  J u l y  

31, 1949J9ORNL-726 ( f o r  p e r i o d  e n d i n g  A p r i l  3 0 ,  1 9 5 0 ) ,  ORNL-818 ( f o r  p e r i o d  
e n d i n g  J u l y  3 1 ,  1 9 5 0 ) ,  OWL-888 ( f o r  p e r i o d  e n d i n g  Oct .  31 ,  1 9 5 0 ) .  
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L e t  E ; ( Z ,  k )  and M,(Z, k )  ( w h e r e  p = 1, 2, 3, 4, 5) r e p r e s e n t  t h e  K -  
s h e l l  i n t e r n a l  c o n v e r s i o n  c o e f f i c i e n t s  f o r  e l e c t r i c  ( E L )  a n d  m a g n e t i c  ( M i )  
m u l t i p o l e s  o f  o r d e r  2.”, where  Z and k are  a t o m i c  number and  gamma-ray e n e r g y  
i n  m c 2  u n i t s ,  r e s p e c t i v e l y .  

The  k e y  v a l u e s  o f  t h e  K - s h e l l  i n t e r n a l  c o n v e r s i o n  c o e f f i c i e n t s  were 

c a l c u l a t e d  on  t h e  A u t o m a t i c  S e q u e n c e  R e l a y  C a l c u l a t o r  (Mark  I )  f r o m  t h e  
r e l a t i v i s t i c  f o r m u l a s  ( u s i n g  D i r a c  wave f u n c t i o n s )  f o r  

and  

The v a l u e s  a t  k = 0 . 3  were o b t a i n e d  f o r  t h e  f i r s t  e i g h t  v a l u e s  o f  Z o n l y .  

D r .  M. E .  R o s e  o f  t h e  p h y s i c s  D i v i s i o n ,  ORNL, w a n t s  t o  e x p a n d  t h e s e  
t a b l e s .  T h i s  w i l l  i n v o l v e  an i n t e r p o l a t i o n  o n  t h e  k e y  v a l u e s .  H i s  e x p a n d e d  
t a b l e  w i l l  be f o r  t h e  v a l u e s  

z = io, 15, 20, 25, 3 0 ,  35, 40, 44, 48, 51, 54, 58, 61, 

64, 67, 70, 72, 75, 78, 81, 83, 86, 88, 90, 92, 96, 

and 

k = 0.3, 0.4, 0.5, 0.6, 0,8,  l o o ,  1 . 2 ,  1 . 5 ,  1.8, 2 .1 ,  

2.4, 2.7, 3.0, 3.59 4-01 5.0, 

For t h e  v a l u e s  a t  k = 0.3 and 0.4, 2 mus t  b e  l ess  t h a n  or e q u a l  t o  78 ( s e e  
p r e c e d i n g  p a r a g r a p h ) .  

The f o l l o w i n g  p a r a g r a p h  e x p l a i n s  t h e  scheme o f  i n t e r p o l a t i o n  ( p r o p o s e d  
by D r .  B. S p i n r a d ,  Argonne  N a t i o n a l  L a b o r a t o r y ) .  

Approximate  v a l u e s  f o r  t h e  i n t e r n a l  c o n v e r s i o n  c o e f f i c i e n t s  w i  11 b e  c a l c u -  
l a t e d  u s i n g  t h e  D a n c o f f  and  M o r r i s o n  a p p r o x i m a t e  f o r m u l a s  f o r  t h e  a b o v e  402 
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. 

c o m b i n a t i o n s  o f  (Z,  k). The r a t i o  [ r , ( Z ,  k )  = EP(Z, k)/EP(Z, k )  a p p r o x . ]  o f  
t h e  e x a c t  v a l u e  (Mark I c a l c u l a t i o n )  t o  t h e  a p p r o x i m a t e  v a l u e  ( D a n c o f f  a n d  
M o r r i s o n * )  w i l l  t h e n  be  found  f o r  t h e  68 k e y  c o m b i n a t i o n s  o f  (Z, k). The i n -  
t e r p o l a t i o n  w i l l  be made on t h e  r a t i o  6 -(Z, k), T h i s  w i l l  g i v e  v a l u e s  o f  t h e  
r a t i o  a t  t h e  402 c o m b i n a t i o n s  o f  (Z, k). The v a l u e s  o f  E - ( Z ,  k )  f o r  t h e  t a b l e  

w i l l  b e  found by m u l t i p l y i n g  E i ( Z ,  k )  a p p r o x ,  by  s i ( Z ,  k). The same  p r o c e s s  
i s  u s e d  f o r  M'(Z,  k). 

P 

P 

P 

The i n t e r p o l a t i o n  f o r  r , (Z ,  k )  a t  t h e  402 c o m b i n a t i o n s  o f  (2, k )  w i l l  
f i r s t  be  done  i n  t h e  Z d i r e c t i o n .  The r e a s o n  f o r  t h i s  i s  t h a t  t h e r e  a r e  more 
key  v a l u e s  i n  t h e  Z d i r e c t i o n  and Z dependence  i s  s i m p l e r  t h a n  t h e  k d e p e n d e n c e .  

Problem: ANALYSIS OF P - R A Y  SPECTROSCOPY 

Origin: P. R .  B e l l ,  P h y s i c s  D i v i s i o n  

Participating Members of Panel: J .  H .  F i s h e l ,  M .  R .  A r n e t t e ,  A. S. H o u s e h o l d e r ,  
G. E .  A l b e r t ,  C. L. P e r r y  

Background? See M a t h e m a t i c s  P a n e l  Q u a r t e r l y  P r o g r e s s  R e p o r t s  f o r  p e r i o d s  
e n d i n g  d u l y  31, 1939 (ORNL-408) :and J u l y  31;' 1950. (ORNL-818) .  

Status: I n  OWL-818 i t  was p roposed  t h a t  t h e  p s p e c t r u m  be  found by s o l v i n g  a 
s y s t e m  o f  a l g e b r a i c  e q u a t i o n s .  The s o l u t i o n s  t o  two o f  t h e s e  s y s t e m s  h a v e  
b e e n  f o u n d ,  t h e  c a l c u l a t i o n s  b e i n g  p e r f o r m e d  o n  t h e  NEPA d i g i t a l  c o m p u t e r .  
The M a t h e m a t i c s  P a n e l  w i l l  c o n t i n u e  t h e  c a l c u l a t i o n s .  The P a n e l  w i l l  a l s o  
c o n s i d e r  c h a n g i n g  t h e  p r e s e n t  s y s  tern f o r  r e p l a c i n g  t h e  i n t e g r a l  e q u a t i o n  
(ORNL-818) by a s y s t e m  o f  a l g e b r a i c  e q u a t i o n s .  

+The Dancoff and Morrison ( p h y s .  R e v .  55,  p.  122)  approximation formulas a r e :  

and 

where 

a = 1/137.03. 
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Problem: EVALUATION OF AN INTEGRAL 

or ig in :  D r .  S .  Tamor, P h y s i c s  D i v i s i o n  

P a r t i c i p a t i n g  Members of  pane l :  D. W .  Whi tcombe,  C. P e r h a c s ,  J .  H.  F i s h e l ,  
C. L. P e r r y  

Background and S t a t u s :  Dr. Tamor w a n t s  t h e  i n t e g r a l  

where  

A 2  
$ ( x ,  A ,  E )  = F  x e - " "  f x 2 ,  

e v a l u a t e d  f o r  2 7  p a i r s  o f  A and E .  He h a s  i n v e s t i g a t e d  t h e  b e h a v i o r  o f  t h e  
i n t e g r a n d .  Mr. Whitcombe c o n t i n u e d  t h e s e  i n v e s t i g a t i o n s  ( s e e ,  f o r  e x a m p l e ,  
memorandum t o  D r .  Tamor, ORNL C e n t r a l  F i l e s  No. 51-2 -10) .  Mr. F i s h e l  c a l c u -  
l a t e d  t h e  v a l u e  o f  t h e  i n t e g r a n d  o n  IBM e q u i p m e n t .  The v a l u e  o f  t h e  i n t e g r a l  
w i l l  be found  f rom t h e  IBM t a b u l a t i o n  of t h e  i n t e g r a n d  by hand mach ine  c a l c u -  

l a t i o n .  

Problem: CHECKING OF GRAPHS FOR HEALTH PHYSICS 

o r i g i n :  D r .  K .  Z .  Morgan, H e a l t h  p h y s i c s  

Part i c ipat ing  Member of  panel: C .  P e r h a c s  

Background and S t a t u s :  The M a t h e m a t i c s  P a n e l  p a r t i c i p a t e d  i n  c h e c k i n g  some 
c a l c u l a t i o n s  f rom w h i c h  g r a p h s  w e r e  d rawn .  T h i s  work  i s  b e i n g  c o m p l e t e d  by 
H e a l t h  P h y s i c s .  
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Problem: EARMONIC ANALYSIS 

o r i g i n :  B. S .  B o r i e ,  J r . ,  M e t a l l u r g y  D i v i s i o n  

Part ic ipat ing  Member of  Panel: C .  L .  P e r r y  

Background and Status:  Mr. Borie  a s k e d  t h e  M a t h e m a t i c s  P a n e l  t o  e v a l u a t e  155  
F o u r i e r  i n t e g r a l s .  T h e s e  i n t e g r a l s  were 

21 F i ( x )  cos 277 nx d x ,  
7l 

0 

0 
where 

i = 1 ,  2 , .  . . 5 
c 

n = O ,  1, . . . # 1 5  

F i  ( x )  a r e  f i v e  f u n c t i o n s  measured  e x p e r i m e n t a l l y .  

The i n t e g r a l s  were  a p p r o x i m a t e d  by a sum, and t h e  sums were computed  on t h e  
NEPA d i g i t a l  c o m p u t e r .  I n  f u t u r e  e v a l u a t i o n s  o f  t h e  a b o v e  i n t e g r a l s  s i x  
h u n d r e d  s u b d i v i s i o n s  w i l l  b e  u s e d .  The s i n e  and c o s i n e  f u n c t i o n s  f o r  n = 0 ,  
1, ..., 1 0  w i l l  b e  s t o r e d  on a l o n g  t a p e  f o r  t h e  NEPA d i g i t a l  c q m p u t e r ' s  
l i b r a r y .  When t h i s  h a s  been  c o m p l e t e d  t h e  i n t e g r a l s  can be e v a l u a t e d  and  t h e  
v a l u e s  r e t u r n e d  t o  t h e  M e t a l l u r g y  D i v i s i o n  i n  two d a y s  or l e s s ,  p r o v i d e d  t h e r e  
i s  n o t  a back log  o f  p rob lems  f o r  t h e  NEPA d i g i t a l  c o m p u t e r .  

Problem: DETERMINATION OF ELECTRONIC STOPPINQ POWERS FOR IONS 

O r i g i n :  Drs. W .  S .  S n y d e r  and J. N e u f e l d ,  H e a l t h  P h y s i c s  

Part ic ipat ing  Member8 of Panel: C.  P e r h a c s ,  K. A. P f l u e g e r  

Background and S ta tus :  A n u c l e o n  ( Z l ,  M i )  moving i n  a medium ( Z 2 ,  M 2 )  u n d e r -  
g o e s  e n e r g y  l o s s e s  owing t o  t h e  e f f e c t  o f  t h e  e l e c t r o n s  o f  t h e  medium a t  t h e  
r a t e  
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where  

(ZIdf) d e n o t e s  a n  a v e r a g e  d e g r e e  of i o n i z a t i o n  o f  t h e  i o n . p  
- 

rn - 9 . 1 0 7  X l o - , ’  ( e l e c t r o n  r e s t  m a s s ) . ,  

e - 4 . 8 0 3  x ( e l e c t r o n i c  c h a r g e  i n  e s u ) ,  

Vs - 

- 

- o s c i l l a t o r  s t r e n g t h  c o r r e s p o n d i n g  t o  t h e  s t h  e l e c t r o n  
of t h e  s t o p p i n g  a tom (Z,, M2). 

1 d E  

N d x  
The Mathemat i c s  P a n e l  i s  c a l c u l a t i n g  t h e  v a l u e s  of  -- - for t h e  r a n g e  0 .2  e / t  
4 V < 9 0 e / t  and a l l  c o m b i n a t i o n s  o f  2, = 1 ,  6 ,  7 ,  8 and Z, = 1, 6 ,  7 ,  8.  I n  

a d d i t i o n ,  t h e  P a n e l  w i l l  c o m p u t e  t h e  s t o p p i n g  power f o r  h y d r o g e n  ( 2  =-1), 
n i t r o g e n  (2  = 6 ) ,  c a r b o n  (Z 7 ) ,  and oxygen (Z = a ) ,  i o n s  moving  i n  t i s s u e .  

problem: DETERMINATION OF ATOMIC STOPPING POWERS OF RECOIL NUCLEI 

O r i g i n :  Drs. W .  S .  S n y d e r  and J .  N e u f e l d ,  H e a l t h  P h y s i c s  D i v i s i o n  

P a r t i c i p a t i n g  Member of p a n e l :  C. P e r h a c s  

Background  and S t a t u s :  The M a t h e m a t i c s  P a n e l  h a s  c o m p l e t e d  c a l c u l a t i o n s  

s i m i l a r  t o  t h o s e  men t ioned  above  ( D e t e r m i n a t i o n  o f  E l e c t r o n i c  S t o p p i n g  Powers  
f o r  I o n s )  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  e n e r g y  loss due t o  t h e  e f f e c t  o f  a toms  
on r e c o i l  n u c l e i .  The c o m p u t a t i o n s  a r e  f o r  t h e  same 2, and 2, c o m b i n a t i o n s  a s  
i n  t h e  above  r e p o r t  for 2, i n  t i s s u e  and f o r  t h e  same r a n g e  i n  V .  

problem: ANP COMPUTATIOh 

O r i g i n :  Dr. N .  M .  S m i t h ,  ANP, Q h y s i c s  D i v i s i o n  

p a r t i c i p a t i n g  Members of p a n e l :  R. R .  Coveyoup E. A .  F o r b e s ,  A .  R. C u r r e y ,  

B a c k g r o u n d  and S t a t u s :  R .  R. C o v e y o u  h a s  j o i n e d  t h e  M a t h e m a t i c s  P a n e l  
c o m p u t e r s  a t  Y-12. He i s  s u p e r v i s i n g  t h e i r  comput ing  f o r  t h e  ANP g r o u p .  

V .  M .  G o r d o n  
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