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SUMMARY 

Dr. N a t  Edmonson,  Miss M a r i n a  T s a g a r i s ,  a n d  Miss P h y l l i s  Brown h a v e  
t r a n s f e r r e d  from NEPA t o  t h e  M a t h e m a t i c s  P a n e l ,  a n d  w i l l  be  w o r k i n g  w i t h  t h e  
ANP g r o u p .  A n o t h e r  a d d i t i o n  t o  t h e  same g r o u p  i s  Mrs, M i l d r e d  G u e r n s e y ,  o f  
K n o x v i l l e .  Dr, Ward CL S a n g r e n ,  f o r m e r l y  o f  Miami U n i v e r s i t y ,  O x f o r d ,  O h i o ,  
i s  a n o t h e r  new member o f  t h e  P a n e l ,  Dr S a n g r e n  r e c e i v e d  h i s  d o c t o r ' s  d e g r e e  
a t  t h e  U n i v e r s i t y  o f  Mich igan  i n  a p p l i e d  m a t h e m a t i c s  i n  1950 

Mr. Be W .  D r u c k e r ,  ORINS F e l l o w  from t h e  U n i v e r s i t y  of  N o r t h  C a r o l i n a ,  i s  
p l a n n i n g  t o  w r i t e  h i s  t h e s i s  a t  t h e  L a b o r a t o r y  o n  some p r o b l e m s  r e l a t i n g  t o  

t h e  n u m e r i c a l  s o l u t i o n  o f  d i f f e r e n t i a l  e q u a t i o n s  on a u t o m a t i c  c o m p u t i n g  
m a c h i n e r y .  D r .  J .  W ,  G i v e n s ,  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 ,  i s  a new c o n -  
s u l t a n t ,  and  w i l l  be  w o r k i n g  c h i e f l y  on a l g e b r a i c  and l o g i c a l  p rob lems  a s s o c i -  
a t e d  w i t h  t h e  d e s i g n  a n d  u s e  o f  a u t o m a t i c  c o m p u t e r s ,  N e w  c o n s u l t a n t s  i n  
b i o m e t r i c s  a r e  D r ,  J u  Z, H e a r o n ,  of  t h e  U n i v e r s i t y  o f  C h i c a g o ,  and Dr. H .  L 
L u c a s ,  o f  N o r t h  C a r o l i n a  S t a t e  C o l l e g e ,  

T h e r e  were one h u n d r e d  and f o u r  i n  a t t e n d a n c e  a t  t h e  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  a n d  t h e  B i o m e t r i c  S o c i e t y  i n  March  
S o c i a l  e v e n t s  i n c l u d e d  a s m o k e r ,  s p o n s o r e d  b y  C a r b i d e  a n d  C a r b o n ,  a n d  a 
b a n q u e t  w i t h  D r  W e i n b e r g  a s  s p e a k e r ,  Among t h e  s p e a k e r s  a t  t h e  s c i e n t i f i c  
s e s s i o n s  were D r  G, E A l b e r t  and Dr J. W ,  Tukey ,  c o n s u l t a n t s ,  and  Dru A, W u  
Kimbal 1 (I 

Two ma jo r  c o m p u t a t i o n a l  p r o j e c t s  were c o m p l e t e d  t h i s  q u a r t e r ,  t h e  RaE and  
t h e  i n t e r p o l a t i o n  f o r  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 ,  T h e s e  
have  b e e n  d e s c r i b e d  i n  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 e e  p. 3 f o r  ORNL numbers  
o f  r e p o r t s )  The  c a l c u l a t i o n  o f  t h e  F o u r i e r  c o e f f i c i e n t s  f o r  B, S. .  B o r i e ,  J r , ,  
i s  t o  be  done  on t h e  d i f f e r e n t i a l  a n a l y z e r  a t  Wayne U n i v e r s i t y ,  

The  SEAC i s  a b o u t  t o  b e g i n  a c t u a l  c a l c u l a t i o n  o f  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 ,  W h i l e  t h e  p r o p o s e d  mov ing  o f  t h e  m a c h i n e  t o  new 
q u a r t e r s  w a s  c a n c e l e d ,  t h e  c o d i n g  o f  t h e  p r o b l e m  h a s  t a k e n  l o n g e r  t h a n  w a s  

a n t i c i p a t e d  b e c a u s e  s t o r a g e  r e q u i r e m e n t s  f o r  t h e  problem a re  e x c e s s i v e .  R u t h  
A r n e t t e ,  who a s s i s t e d  i n  t h e  c o d i n g  d u r i n g  t h e  e a r l y  s t a g e s ,  i s  r e t u r n i n g  t o  
Washington  t o  a s s i s t  i n  f i n a l  c h e c k s  i n  t h e  c o d i n g  and  i n  c h e c k i n g  t h e  r e s u l t s  
as  t h e y  come o u t ,  

UNCLASS I F I ED 6 
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c 

D r .  J .  W. Tukey  v i s i t e d  t h e  L a b o r a t o r y  on March 13 and  14. I n  a d d i t i o n  
t o  h i s  c o n s u l t a t i o n  on b i o m e t r i c  p rob lems ,  he p roposed  a p l a n  f o r  c o n s t r u c t i n g  
a p o s s i b l e  a n a l o g  compute r  f o r  P. R .  B e l l ’ s  p rob lem i n  b e t a - r a y  s p e c t r o s c o p y ,  
a n d  much improved c i r c u i t r y  €or Dr. W, A. A r n o l d ’ s  i n s t r u m e n t s  f o r  m e a s u r i n g  
l i g h t  p r o d u c t i o n  i n  p l a n t s .  D r .  A r n o l d  was a b l e  t o  i n t r o d u c e  t h e  i n n o v a t i o n  
i m m e d i a t e l y ;  t h e  f e a s i b i l i t y  i n  p r a c t i c e  o f  t h e  a n a l o g  c o m p u t e r  i s  b e i n g  
s t ud i e d  a 

D e v e l o p m e n t a l  work a t  A r g o n n e  on  t h e  Oak R i d g e  d i g i t a l  c o m p u t e r  h a s  
c o n t i n u e d  o n  t h e  memory s y s t e m s  a n d  on  a new t y p e  of  t o g g l e .  T h e  work i s  
r e p o r t e d  i n  d e t a i l  i n  t h e  l a s t  q u a r t e r l y  p r o g r e s s  r e p o r t  o f  t h e  A r g o n n e  
N a t i o n a l  L a b o r a t o r y  (PJllL-4587). A t  t h e  I n s t i t u t e  f o r  A d v a n c e d  S t u d y  t h e  

c o n t r o l  s y s t e m  h a s  n o t  y e t  b e e n  d e s i g n e d ,  w h e r e a s  a t  Los  Alamos t h i s  p a r t  o f  
t h e  machine  h a s  b e e n  b u i l t  and t e s t e d o  I t  i s  p l a n n e d  t h a t  t h e  c o n t r o l  f o r  t h e  
Oak R i d g e  machine  w i l l  be d e s i g n e d  t h i s  summer a f t e r  a s t u d y  h a s  b e e n  made o f  
t h e  c o n t r o l  f o r  t h e  Los  Alamos m a c h i n e ,  and  o f  w h a t e v e r  i n f o r m a t i o n  c a n  b e  
o b t a i n e d  f r o m  IAS” M e a n w h i l e ,  members  o f  t h e  P a n e l  a r e  s t u d y i n g  c o d i n g  
t e c h n i q u e s  a n d  a r e  p r o g r a m m i n g  a number  o f  s t a n d a r d  r o u t i n e s  s u c h  a s  t h e  
c o m p u t a t i o n  o f  e l e m e n t a r y  f u n c t i o n s ,  s o l v i n g  l i n e a r  s y s t e m s  a n d  a l g e b r a i c  
e q u a t i o n s ,  and o t h e r s  t h a t  c a n  b e  e x p e c t e d  t o  r e c u r  f r e q u e n t l y  i n  any  e x t e n s i v e  
c a l c u l a t i o n ,  T h e  p u r p o s e  i s  b o t h  t o  g a i n  e x p e r i e n c e  a n d  t o  a c c u m u l a t e  a 
l i b r a r y  o f  r o u t i n e s  f o r  f u t u r e  u s e ,  T h i s  work w i l l  n o t  b e  f u r t h e r  d i s c u s s e d  
i n  t h i s  r e p o r t ,  

I n  t h e  O R I N S  T r a v e l i n g  L e c t u r e  P r o g r a m ,  members o f  t h e  P a n e l  made t h e  
f o l l o w i n g  a p p e a r a n c e s :  

D r .  L e w i s  N e l s o n  
Mathematics f o r  E n g i n e e r s ,  Y o u n g  and O l d ,  G e o r g i a  I n s t i t u t e  o f  
T e c h n o l o g y ,  F e b r u a r y  2 7 .  

A n  A b e l  Integral Equation, Alabama P o l y t e c h n i c  I n s t i t u t e ,  March 1. 

M a t h e m a t i c s  f o r  E n g i n e e r s ,  Y o u n g  a n d  O l d ,  A l a b a m a  P o l y t e c h n i c  
I n s t i t u t e ,  M a r c h  1. 

An Abel Integral Equation, Duke U n i v e r s i t y ,  A p r i l  25.  

7 UNCLASS I FI ED 
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D r .  C. L. P e r r y  
Programming for an Automatic Computing Machine, U n i v e r s i t y  of 
Oklahoma, A p r i l  25., 

Dr. A. W. Kimbal l  
Some Elementary Notions of  Sequential Analysis, U n i v e r s i t y  of 
G e o r g i a ,  F e b r u a r y  22 .  

Factorial Designs, U n i v e r s i t y  of Georgia,  F e b r u a r y  2 3 %  

Dependent Tests of Significance in the Analysis of Variance, U n i v e r -  
s i t y  of G e o r g i a ,  F e b r u a r y  240 

Dr, A. S. Househo lde r  
Nervous Systems and Computing Machines, T u l a n e  U n i v e r s i t y ,  F e b -  
r u a r y  13* 

Iterative Methods for Solving Equations, T u l a n e  U n i v e r s i t y ,  F e b -  
r u a r y  1 4 .  

Mathematics in Oak Ridge, M i s s i s s i p p i  S t a t e  C o l l e g e  ( M i s s i s s i p p i -  
L o u i s i a n a  S e c t i o n ,  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  A m e r i c a ) ,  F e b r u a r y  16"  

Nervous Systems and Computing Machines, M i s s i s s i p p i  S t a t e  Co l l ege  
( M i s s i s s i p p i - L o u i s i a n a  S e c t i o n , M a t h e m a t i c a l  A s s o c i a t i o n  of A m e r i c a ) ,  
F e b r u a r y  1 7 0  

Iterative Methods for SoZving Equations and Nervous Systems and 
Computing Machines, V a n d e r b i l t  U n i v e r s i t y ,  F e b r u a r y  1 9 .  

A p a p e r  b y  D r ,  C. L, P e r r y  e n t i t l e d  "The Bend ing  of T h i n  E l l i p t i c  P l a t e s "  

on a p p e a r e d  i n  t h e  A m e r i c a n  M a t h e m a t i c a l  S o c i e t y ' s  V o l ,  TI1 of Symposia 
Applied Mathematics. 

a 
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SPECIAL PROBLEMS AND PROJECTS 

Problem: EFFECT OF ROUND-OFF ON OPEUATIONS WITH MATRICES 

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

O r i g i n  a n d  Background:  The b u i l d - u p  o f  e r r o r  d u e  t o  r o u n d - o f f  c a n  a t  t imes  
c o m p l e t e l y  i n v a l i d a t e  t h e  r e s u l t s  o f  a n y  c o m p u t a t i o n ,  and  i n  a u t o m a t i c  com- 
p u t a t i o n s ,  wh ich  a r e  v o l u m i n o u s  and n o t  a c c e s s i b l e  t o  d i r e c t  o b s e r v a t i o n  as  

t h e  work p r o g r e s s e s ,  c a r e f u l  p r e l i m i n a r y  a n a l y s i s  i s  a p r e r e q u i s i t e .  Un- 
f o r t u n a t e l y ,  n o t  many g u i d i n g  r u l e s  a r e  t o  be  f o u n d  i n  t h e  l i t e r a t u r e .  Some 

r e s u l t s  r e l a t i n g  t o  i t e r a t i v e  o p e r a t i o n s  w i t h  m a t r i c e s ,  which seem t o  b e  new, 
a r e  a t  hand;  one  o f  t h e s e  will be q u o t e d .  

G i v e n  t h e  s y s t e m  Ax = y ,  i f  x o  i s  a n  a p p r o x i m a t e  s o l u t i o n ,  o b t a i n e d  by 
a n y  m e t h o d ,  and  i f  r l  = y - Axo, t h e n  t h e  same s e q u e n c e  o f  o p e r a t i o n s  which, 

when a p p l i e d  t o  y ,  y i e l d  % , , , w i l l ,  i n  g e n e r a l ,  when a p p l i e d  t o  r l  y i e l d  a 
c o r r e c t i o n  x 1  t o  x o  s u c h  t h a t  x o  + x l  i s  a b e t t e r  a p p r o x i m a t i o n  t h a n  i s  X I .  

By d e f i n i n g  r 2  = r l  - Axl and p r o c e e d i n g  s e q u e n t i a l l y  one o b t a i n s  i n  p r i n c i p l e  
a n  i n f i n i t e  s e r i e s  w h i c h  c o n v e r g e s  t o  t h e  t r u e  s o l u t i o n  u n d e r  v e r y  g e n e r a l  
h y p o t h e s e s .  I n  p r a c t i c e ,  however ,  e a c h  s t e p  may i n t r o d u c e  r o u n d - o f f  e r r o r s  S O  

t h a t  r e a l  i m p r o v e m e n t  i s  t o  b e  e x p e c t e d  i n  a t  mos t  a f i n i t e  number  o f  t h e  
s t e p s .  It i s  d e s i r e d  t o  e s t i m a t e  t h i s  number of  s t e p s .  

w i t h  a n a l o g o u s  d e f i n i t i o n s  f o r  b ( x )  and N ( x ) ,  and l e t  

I t  i s  known t h a t  i f  k12 and An2 a r e  t h e  l a r g e s t  and s m a l l e s t  p r o p e r  v a l u e s  o f  
ATA, t h e n  

9 UNCLASS I F I ED 
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L e t  t h e  machine  o p e r a t e  i n  t h e  b a s e  p ( n o r m a l l y  = 10 or 2 )  t o  p f i g u r e s ;  
l e t ,  f o r  e v e r y  p ,  

where  r,, = y ;  

r a n g e  f rom -1 t o  +1. 
t h e  m u l t i p l i c a t i o n  by  y o f  a n  a p p r o x i m a t e  i n v e r s e  C ,  x 0  = Cy. 

and  l e t  a l l  e l e m e n t s  o f  t h e  m a t r i c e s  a n d  v e c t o r s  l i e  i n  t h e  
The o p e r a t i o n s  which  y i e l d  x 0  f rom y a r e  e q u i v a l e n t  t o  

Hence X ,  - Cr,. 

I f  a t  any  s t e p  t h e  p o s s i b l e  r o u n d - o f f  e r r o r  c a n  e x c e e d  t h e  m a g n i t u d e  o f  

t h e  c o r r e c t i o n ,  t h e  s t e p  p r o v i d e s  n o  d e p e n d a b l e  improvemen t ,  I t  may b e  s e e n  
i n d u c t i v e l y  t h a t  N ( z p ) 2  P - P f "  B ( C )  N(y). Hence t h e  i t e r a t i o n  s h o u l d  s t o p  

when 

- 

S i n c e  C i s  an a p p r o x i m a t e  i n v e r s e ,  a p p r o x i m a t e l y  

Hence t h e  c r i t e r i o n  may b e  s t a t e d  i n  t h e  form 

or 

F i n d i n g  M ( A )  a n d  m ( A )  i n v o l v e s  s o l v i n g  f o r  a l a r g e s t  a n d  s m a l l e s t  p r o p e r  
v a l u e .  f o r  a n y  m a t r i x  N(A)  2 M ( A ) ,  s o  t h a t  N c a n  b e  used  t o  r e p l a c e  

M i n  t h e  l a s t  s t a t e m e n t  o f  t h e  c r i t e r i o n .  
However ,  

Problem: COUNTER STATISTICS 

Participating Members of Panel: G .  E. A l b e r t ,  Lewis  Ne l son  

Referencesf G. E. A l b e r t  a n d  M. L.  N e l s o n ,  "Coun te r  S t a t i s t i c s ,  "3 Mathematics 

panel Quarterly Progress Report f o r  Period Ending January 31, 1951,  ORNL-979, 

pp. 10-16  (Mar. 30, 1 9 5 1 ) .  
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Background and Sta tus:  Work on t h e  t y p e s  I a n d  11 c o u n t e r s  r e p o r t e d  i n  t h e  
r e f e r e n c e  was t e m p o r a r i l y  d i s c o n t i n u e d  i n  f a v o r  o f  s t u d y  o f  a r a t e  meter.  

T h i s  s t u d y  was r e q u e s t e d  b y  H e n r i  Levy o f  t h e  C h e m i s t r y  D i v i s i o n  who n e e d s  a 

c r i t e r i o n  f o r  d e c i d i n g  w h e t h e r  "unusual"  b e h a v i o r  c a n  b e  a t t r i b u t e d  t o  i n s t r u -  

ment  m a l f u n c t i o n .  

I n  t h i s  s t u d y  a r a t e  meter  i s  r e g a r d e d  a s  a l i n e a r  i n s t r u m e n t  whose  
o u t p u t  a t  time T i s  q(T - t )  i n  r e s p o n s e  t o  a r r i v a l  a t  t ime t o f  a p a r t i c l e  
f rom t h e  sample .  q ( x )  i s  known and  v a n i s h e s  f o r  n e g a t i v e  X ,  The  p a r t i c u l a r  
c a s e  a t  hand i s  an R-C c i r c u i t ,  t h e  c h a r g e  on whose c o n d e n s e r  i s  i n c r e a s e d  b y  
a c o n s t a n t  amount  when a p a r t i c l e  r e a c h e s  t h e  meter ,  I n  t h i s  c a s e  q ( x )  i s  

t a k e n  t o  be  

where t h e  c i r c u i t  t ime c o n s t a n t  i s  o f  t h e  o r d e r  o f  1 0  t o  30 min. 

L e t  ti b e  t h e  t i m e  o f  a r r i v a l  o f  t h e  j t h  p a r t i c l e ,  a n d  d e f i n e  c j  b y  
We s u p p o s e  t .  1 - 1  and  e .  1 a r e  i n d e p e n d e n t  random I 

t i  - t i -  
v a r i a b l e s  and  t h a t  e a c h  C j  i s  d i s t r i b u t e d  by 

-t cj  w i t h  e l  = t l .  

I f  N i s  t h e  number of p a r t i c l e s  w h i c h  a r r i v e  p r i o r  t o  some f i x e d  t i m e  T, 
f o l l o w s  t h a t  N i s  d i s t r i b u t e d  by 

i t  

The c o n s t a n t  a i s  t h e  q u a n t i t y  b e i n g  measured  by t h e  meter ,  t h a t  i s ,  t h e  r a t e  

o f  a r r i v a l  o f  p a r t i c l e s  a t  t h e  meter ,  

A t  t i m e  T t h e  o u t p u t  o f  t h e  meter is  p r o p o r t i o n a l  t o  t h e  random v a r i a b l e  

wh ich  i s  a random sum o f  random v a r i a b l e s ,  I t  i s  of i m p o r t a n c e  t o  s t u d y  t h e  
d i s t r i b u t i o n  F ( x ;  T )  = p[Q(T) 5 x ] *  We h a v e  s u c c e e d e d  i n  f i n d i n g  i t s  L a p l a c e  

11 
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t r a n s f o r m  from which e a c h  moment c a n  b e  computed. We p r o c e e d e d  t h u s :  

L e t t i n g  T be  f i x e d  and a b b r e v i a t i n g  Q(T) by Q, w e  c a n  w r i t e  

To compute t h e  i n d i v i d u a l  terms w e  e x p r e s s  Q i n  terms of  t h e  c j ,  and d e t e r m i n e  

t h e  d i s t r i b u t i o n  o f  ( c l ,  e, ,  ..., 6,) u n d e r  t h e  c o n d i t i o n  0 5 e l  t ... e k  

- < T and 6, -I- ... -I- ckcl > T ,  i . e . ,  u n d e r  t h e  c o n d i t i o n  N = k. From E q .  ( 3 1 ,  

k 

j = o  

B y  a s i n i i l a r  c o m p u t a t i o n  w e  f i n d  f o r  N = k a n d  0 ' 5  + x 2  + e " "  -I- 

x k  2 T, 

j = i  

U s i n g  t h i s  d i s t r i b u t i o n  and E q .  ( 3 ' )  g i v e s  

12 
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where  sk i s  t h e  s i m p l e x  0 5 el  4- ... 
Transforming t h e  v a r i a b l e s  o f  i n t e g r a t i o n  by 

t & k  5 T and G ( X ;  8 )  = e x p  

r e d u c e s  the r i g h t  hand member o f  Eq. ( 7 )  t o  

J o  

Now d e f i n e  

G(Tx1; 6) d x l  i' H , ( T x ;  8) = 
0 

and 
x 

G(Trc , ;  6) d x 2  jl 

0 r" 0 0 

H k ( T % ;  6 )  = J h(Txl; 6) dxl  

from which f o r  k = 2, 3 ,  , 

x 

But from the  d e f i n i t i o n  o f  Hl(Tr; e ) ,  

where * means d i f f e r e n t i a t i o n  a s  t o  X. 
y i e l d s  

A p p l y i n g  t h i s  t o  Eq .  ( 8 )  when k = 2 

13 UNCLAS I F I ED 
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and a n  e a s y  i n d u c t i o n  l e a d s  t o  

S u b s t i t u t i n g  f rom t h i s  i n t o  Eqs .  ( ? ' ) ,  (71 ,  and  ( 4 ) ,  r e c a l l i n g  Eq. ( 2 1 ,  
w e  f i n d  

D i f f e r e n t i a t i n g  Eq. ( 9 )  n t imes  a s  t o  8 and t h e n  s e t t i n g  8 = 0 g i v e s  t h e  
n t h  moment o f  t h e  d i s t r i b u t i o n  o f  Q ( T ) .  The f i r s t  t h r e e  c e n t r a l  moments a r e  

From t h i s  i t  i s  c l e a r  t h a t  t h e  f u n c t i o n  hQ(T) w i l l  h a v e  mean a p p r o x i m a t e l y  a 
f o r  t h e  l a r g e  T. The v a r i a n c e  of  zQ(T) i s  a p p r o x i m a t e l y  

The e x p l i c i t  d i s t r i b u t i o n  o f  hQ h a s  n o t  b e e n  f o u i d  b u t  i t  i s  known t h a t  
t h a t  d i s t r i b u t i o n  i s  n o t  G a u s s i a n ,  P e n d i n g  f u r t h e r  s t u d y ,  T c h e b y c h e f f ' s  
i n e q u a l i t y  

f o r  a r b i t r a r y  p o s i t i v e  c may be  used  t o  t e s t  t h e  s i g n i f i c a n c e  o f  d e v i a t i o n s  of 
hQ from i t s  mean a .  - For example ,  c h o o s i n g  c - 3,  

3 1 
p , [ I h ~  - a1 > - h a ]  5 -  

2 9 
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T h i s  e s t i m a t e  o f  p r o b a b i l i t y  i s  v e r y  l i k e l y  much t o o  l a r g e  s i n c e  no knowledge 
o f  t h e  d i s t r i b u t i o n  o f  Q beyond t h e  f i r s t  and second  moments h a s  been  u s e d .  

Some work h a s  b e e n  d o n e  and  more  w i l l  b e  d o n e  on t h e  s i g n i f i c a n c e  of 

d e v i a t i o n s  o f  t h e  

I = X r2 Q ( T )  dT 

f rom i t s  mean a ( T 2  - TI). 

Problem: TO INVESTIGATE THE STABILITY OF THE REACTOR SIWULATOB 

O r i g i n :  D r .  J .  P a l m e r ,  I n s t r u m e n t  D e p a r t m e n t ,  E n g i n e e r i n g  and Main tenance  
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 :  A. S. H o u s e h o l d e r ,  W .  C. S a n g r e n ,  B. M. 
Drucke r 

B a c k g r o u n d :  The m a t h e m a t i c a l  p rob lem c o n s i s t s  i n  i n v e s t i g a t i n g  t h e  s t a b i l i t y  

of  two s y s t e m s  of d i f f e r e n t i a l  e q u a t i o n s .  The s y s t e m s  a r e  

ci'(t) = -hi C i ( t )  -t E i n ( t )  ( i  = 1, ..., 6 )  

u ' ( t )  = n ( t )  - n o  

and 
6 

n' = F , n  - G F h i  C i '  - H,nB 

8' = e, 

8,' ' 4 8  - B 6  i- Cu , 
1 
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w h e r e  p r i m e s  d e n o t e  d i f f e r e n t i a t i o n  w i t h  r e s p e c t  t o  t h e  t i m e  t a n d  w h e r e  
A ,  B, C, F ,  G, H,, H,, E i ,  A i ,  and no = n ( 0 )  a r e  c o n s t a n t s .  I f  t h e  r i g h t  s i d e s  
o f  s y s t e m s  (1) and ( 2 )  s e t  e q u a l  t o  z e r o  a r e  s o l v e d ,  t h e  " s t a b i l i t y "  p o i n t s  
a r e  o b t a i n e d .  I n  b o t h  c a s e s  t h e r e  p r o v e s  t o  b e  b u t  one  s t a b l e  p o i n t .  I n  o r d e r  
t o  t e s t  f o r  s t a b i l i t y  i n  t h e  n e i g h b o r h o o d  o f  t h e  s t a b l e  p o i n t  we c a n  c o n s i d e r  
i n  t h e s e  ne ighborhoods  t h e  a p p r o x i m a t i n g  l i n e a r  s y s t e m s  

and 

' -  x i  - - h i x i  + E i x O  ( L  = 1, ".., 6 )  

1 -  x l 0  - - A X  1 0  - B x g  + C X ,  

- - e - - eo ,& - where  x i  = C i  - C i o  ( i  = 1, . ' ., 6 ) ,  x 7  - v - v O ,  X~ = n - o n 0 , , x g  
- x 1 0  - e l  - elo, and t h e  s u p e r s c r i p t  0 i n d i c a t e s  t h e  v a l u e  o f  t h e  v a r i a b l e s  a t  

t h e  s t a b l e  p o i n t .  S i n c e  t h e  e q u a t i o n s  have  c o n s t a n t  c o e f f i c i e n t s ,  t h e  c h a r a c t e r  
o f  t h e  s o l u t i o n s  c a n  b e  d e t e r m i n e d  by  f i n d i n g  t h e  c h a r a c t e r i s t i c  numbers  S i  
o f  t h e  d e t e r m i n a n t  1A - 811  w h e r e  A i s  t h e  m a t r i x  o f  c o e f f i c i e n t s  o f  t h e  

r i g h t - h a n d  s i d e s  o f  s y s t e m  (1 ')  or ( 2 ' ) .  I f  t h e  r e a l  p a r t  o f  a l l  t h e  8 , ' s  i n  

e i t h e r s y s t e m  a r e  n e g a t i v e ,  t h e n  t h a t  sys t em c a n  be c o n s i d e r e d  s t a b l e .  



Status: I t  r e m a i n s  t o  d e t e r m i n e  t h e  c h a r a c t e r i s t i c  n u m b e r s  s i .  A l t h o u g h  
t h e r e  e x i s t s  a c r i t e r i o n  ( H u r w i t z )  f o r  d e t e r m i n i n g  w h e t h e r  a p o l y n o m i a l  h a s  
o n l y  z e r o s  w i t h  n e g a t i v e  r e a l  p a r t s ,  i t  i n v o l v e s  much c o m p u t a t i o n  and w i l l  b e  
u s e d  o n l y  as  a l a s t  r e s o r t .  

Problem: SCATTERING PROM A SCREENED C O U L O ~  POTENTIAL 

Origin: Dr. S. Tamor, P h y s i c s  D i v i s i o n  

Participating Members of Panel: C. L. P e r r y ,  W. C. S a n g r e n ,  K.  A. P f l u e g e r ,  
B. S .  M c G i l l  

Reference: 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  f o r  P e r i o d  E n d i n g  

January  3 1 ,  1 9 5 1 ,  ORNL-979, p. 41 (Mar. 30, 1951). 

Background: The f u n c t i o n  0(A, E )  was e v a l u a t e d  f o r  27 p a i r s  o f  A and E .  T h i s  
was c o m p l e t e d  by  hand  mach ine  c o m p u t a t i o n  u s i n g  t h e  t a b u l a t i o n s  o f  t h e  i n t e -  

g r a n d  c a l c u l a t e d  on t h e  IBM equ ipmen t .  

F o r  e a c h  o f  t h e  t h r e e  v a l u e s  o f  E ,  h 1/A i s  t h e n  a f u n c t i o n  o f  0.  
X d h  L i k e w i s e  t h e  c r o s s - s e c t i o n  d 0 )  = --is a f u n c t i o n  o f  6. The 27 v a l u e s  

s i n  e d 0  
o f  ~ ( 8 )  were c a l c u l a t e d  b y  hand m a c h i n e  u s i n g  a t h r e e - p o i n t  d i f f e r e n t i a t i o n  
f o r m u l a  f o r  t h e  e v a l u a t i o n  o f  d h / d 0 ,  G r a p h s  were made o f  h v s ,  0 a n d  w ( 8 )  
vs. e. 

Status: Completed.  

Problem: BASIC STUDIES IN THE MONTE CARLO METHOD 

Participating Member of Panel: G. E. A l b e r t  

Befereace: G. E .  A l b e r t ,  " B a s i c  S t u d i e s  i n  t h e  Monte C a r l o  M e t h o d , "  Math-  
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  f o r  P e r i o d  Ending J a n u a r y  3 1 ,  1 9 5 1 ,  

ORNL-979 (Mar. 30, 1951). 

Status: A f i r s t  d r a f t  h a s  b e e n  c o m p l e t e d  o f  an i n f o r m a l  memorandum on  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  F r e d h o l m  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  
method. The memorandum e x p l a i n s  and  g e n e r a l i z e s  t h e  t h e o r y  of t h e  p r o c e d u r e s  
s e t  f o r t h  i n  t h e  p a p e r s  m e n t i o n e d  i n  t h e  r e f e r e n c e .  R u l e s  o f  p r o c e d u r e  f o r  

e s t i m a t i n g  t h e  s o l u t i o n s  o f  s p e c i f i c  i n t e g r a l  e q u a t i o n s  a r e  n o t  g i v e n .  R a t h e r ,  
t h e  aim o f  t h e  memorandum i s  t o  open up l i n e s  of r e s e a r c h  f o r  t h e  deve lopmen t  
o f  s u c h  p r o c e d u r e s .  
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Problem: 

O r i g i n :  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 :  N. M. Dismuke, C. P e r h a c s  

Backgroand:  The f i r s t  s t e p  i n  t h e  c a l c u l a t i o n  i s  t o  f i n d  t h e  v a l u e  of t h e  
r a t i o  

ANGULAR CORRELATION BETWEEN C O N V E R S I O N  E L E C T R O N S  AND GAMMA B A Y S  

rot  t ip) 
trol + ;PI  I 

where 

The v a l u e s  o f  1, Z ,  and k a re :  

1 = 1, 2 ,  3; 
- 

2 - 1 0 ,  20, 3 0 ,  40, 5 4 ,  64,  72, 789 83, 88, 92 ,  96; 

k = 0 . 3 ,  0 . 5 ,  1 . 0 ,  1 .8 ,  3.0,  5 , O -  

S t a t u s :  The  a rgumen t  v a l u e s ,  y1  and  p, have  b e e n  computed  and  i n t e r p o l a t i o n  
from t h e  N a t i o n a l  Bureau  o f  S t a n d a r d s  t a b l e  o f  t h e  gamma f u n c t i o n  f o r  complex 
argument  i s  i n  p r o g r e s s .  

Problem: 

O r i g i n :  D r ,  W. S. Snyder  and  Dr .  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  

Paxt la%patBng  Member of P a n e l :  M. R ,  A r n e t t e  

B e f e r e n c e :  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  (numbers  w i l l  b e  found  on p .  3 of 
t h i s  r e p o r t ) .  

S t a t u s :  T h e  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  o b t a i n e d  a t  Y - 1 2  were 

computed  w i t h  t h e  p o s i t i o n  componen t s  o f  t h e  n t h  c o l l i s i o n  c o r r e s p o n d i n g  t o  

t h e  e n e r g y  a f t e r  t h a t  c o l l i s i o n  i n s t e a d  o f  t h e  e n e r g y  b e f o r e  t h e  c o l l i s i o n .  
The  p rob lem i s  now i n  p r o g r e s s  on t h e  IBM m a c h i n e s  a t  K-25 ,  and  new h i s t o r y  

MONTE CARLO E S T I M A T E  OF AGE AND C O L L I S I O N  DISlRIBUrION I# TISSUE 
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c a r d s  have  b e e n  made w i t h  t h e  c o r r e c t  e n e r g y .  A new c o l l i s i o n  d e n s i t y  d i s -  
t r i b u t i o n  f o r  t h e  10-Mev n e u t r o n s  i s  p l a n n e d .  A l s o ,  c o l l i s i o n  d e n s i t y  c a l -  
c u l a t i o n s  a r e  underway f o r  a l l  n e u t r o n s  w i t h  i n i t i a l  e n e r g i e s  be tween  3.7 and 
6 .06  Mev i n  t h a t  t h e  new p o s i t i o n  componen t s  i n  t h e  z d i r e c t i o n  a r e  r e a d y  t o  
b e  computed.  To o b t a i n  t h e  new z componen t s ,  t h e  o l d  p a r t i c l e  p a t h  f rom t h e  
p o i n t  o f  t h e  f i r s t  c o l l i s i o n  i n  t h e  lower  e n e r g y  i n t e r v a l  w i l l  b e  r o t a t e d  and 

t r a n s l a t e d  t o  o b t a i n  a c o l l i m a t e d  beam a t  t h e  o r i g i n  f o r  t h e  l o w e r  e n e r g y  
s o u r c e .  T h e s e  d i s t r i b u t i o n s  a r e  t o  b e  g i v e n  b y  c e l l  n u m b e r ;  t h a t  i s ,  t h e  

c e l l s  w i l l  b e  numbered 1 t h r o u g h  1020  f o r  t h e  10-Mev n e u t r o n s ,  w i t h  t h e  same 
e n e r g y  i n t e r v a l s  a s  b e f o r e  and w i t h  t h e  z i n  s t e p s o f 1  c m  be tween 0 and 30 c m .  

Problem: BETA DECAY (F'SIZMI FUNCTIONS) 

Origin: 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  

Participating lembers of  Panel: J. H .  F i s h e l ,  N. D, G i v e n ,  K .  A. p f l u e g e r ,  
N.  M .  Dismuke 

Status: V a l u e s  o f  Lb/ [$] , Mv/ [c] , Nv/ 1%) a r e  b e i n g  c a l c u l a t e d  o n  t h e  
FO FoJ  

K-25 IBM mach ines  b y  J .  H ,  F i s h e l .  Cod ing  and b o a r d  w i r i n g  h a v e  b e e n  c o m p l e t e d  
and c a l c u l a t i o n  i s  i n  p r o g r e s s .  

The f o l l o w i n g  c h e c k s  were made on t h e  r a t i o s  F v , I F o :  

1. E i g h t e e n  s e l e c t e d  p o i n t s  were c a l c u l a t e d  by  hand., 

2. F i f t e e n  p o i n t s  c h o s e n  a t  random were c a l c u l a t e d  by hand.  

3. T h e  r a t i o s  were d i f f e r e n c e d  w i t h  r e s p e c t  t o  z t h r o u g h  f o u r t h  
d i f f e r e n c e s  

A l l  h a n d - c a l c u l a t e d  p o i n t s  showed b e t t e r  a g r e e m e n t  w i t h  m a c h i n e  c a l c u l a t i o n s  
t h a n  0.1%. The  d i f f e r e n c e  t a b l e  i n d i c a t e d  t h a t  e r r o r s  a s  l a r g e  a s  1% d o  n o t  
e x i s t .  

The t i m e  t h i s  q u a r t e r  d e v o t e d  t o  c a l c u l a t i n g  t h e  c o r r e c t i o n s  t o  t h e  f i e l d  
f a c t o r s  f o r  f i n i t e  s i z e  o f t h e  n u c l e u s  h a s  been  s p e n t  c h e c k i n g  some odd r e s u l t s  

found e a r l i e r  €or t h e  p o s i t r o n  c a s e .  The  d i f f i c u l t y  h a s  n o t  y e t  b e e n  r e s o l v e d .  
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Problem: BaE BETA SPECTBUH 

O r i g i n :  D r .  M. E.  Rose ,  D r .  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  Members of P a n e l :  A. S. Househo lde r ,C .  L. P e r r y ,  W. C. S a n g r e n ,  
N.  D. G i v e n ,  N.  M. Dismuke 

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 ,  ORNL-979. T w e l v e  t h e o r e t i c a l  
f o r m u l a t i o n s  o f  t h e  c o r r e c t i o n  f a c t o r  C,,(W) were i n v e s t i g a t e d  i n  t h e  a t t e m p t  
t o  f i t  t h e  e x p e r i m e n t a l  d a t a  f o r  t h e  RaE b e t a  s p e c t r u m .  The f o r m u l a s  f o r  C,, 
[E. G r e u l i n g ,  p h y s .  R e v .  6 1 ,  568 ( 1 9 4 2 ) ] ,  where n i s  t h e  o r d e r  o f  f o r b i d d e n n e s s  
and n i s  t h e  i n t e r a c t i o n  t y p e ,  a r e  d e n o t e d  b y  n 1, 2 ,  3 and  x = A ( a x i a l ) ,  
S ( s c a l a r ) ,  T ( t e n s o r ) ,  and V ( p o l a r - v e c t o r ) ,  For e a c h  c a s e  cnz i s  a f u n c t i o n  
of  e n e r g y ,  W. 

The f a c t o r s  depend  on L , ( W ) ,  M,(W), N,(W) f o r  v = 0 ,  1, y D y l  n ,  on i n t e -  

A l l  t h e s e  
F i n a l l y ,  summat ions  o v e r  v were r e q u i r e d ;  

g r a l  powers  o f  q = IY, - W,, and on some W i n d e p e n d e n t  c o e f f i c i e n t s .  
p a r t s  were c a l c u l a t e d  i n  d u p l i c a t e .  
t h e s e  were done  i n  d u p l i c a t e  f o r  t h r e e  o f  t h e  11 4 v a l u e s  f o r  e a c h  cnx. 

Of t h e  1 2  s e t s  o f  C, . (W) ,  s i x  were c a l c u l a t e d ,  n o r m a l i z e d ,  a n d  com- 

a, b ,  p a r e d  w i t h  t h e  e x p e r i m e n t a l  d a t a .  The o t h e r  s i x . r e q u i r e d  f i t t i n g ,  i . e .  

and c were r e q u i r e d  which g a v e  t h e  b e s t  f i t  t o  e x p e r i m e n t a l  d a t a  where  

F i t t i n g s  were c a r r i e d  o u t  a s  f o l l o w s :  

1.. T h e  b e s t  f i t  u s i n g  t h e  m e t h o d  o f  l e a s t  s q u a r e s  was  o b t a i n e d  
i g n o r i n g  t h e  c o n d i t i o n s -  on a, 6 ,  and c ,  

2.. F o r  c a s e s  i n  w h i c h  a, 6 ,  a n d  c f e l l  o u t s i d e  t h e  r e g i o n  of 
i n t e r e s t  ( s i n c e  i t  i s  known t h a t  i n  t h i s  c a s e  t h e  b e s t  f i t  w i l l  
f a l l  on  t h e  b o u n d a r y )  t h e  s e t  o f  a, b,  and  6: on t h e  b o u n d a r y  
which  g a v e  t h e  b e s t  f i t  was s o u g h t  g r a p h i c a l l y  by s y s t e m a t i c a l l y  
i n v e s  t i g  a t  i n g  t h e  boundary  

3.  F i t t i n g s  o b t a i n e d  i n  t h i s  way were checked  by  u s i n g  a n  e x p l i c i t  
f o r m u l a  f o r  f i n d i n g  t h e  r e q u i r e d  a, 6 ,  and c g i v e n  by D r ,  Rose.. 

None of t h e  12 f o r m u l a t i o n s  a d e q u a t e l y  r e p r e s e n t e d  t h e  e x p e r i m e n t a l  d a t a .  

S t a t u s :  Camp l e t e d .  
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Problem: 

o r i g i n :  E .  P. B l i z a r d ,  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 :  A. S. Householder ,M. R. A r n e t t e ,  N. M. Dismuke 

Background: See ORNL-888. The age  i n  w a t e r  f o r  n e u t r o n s  s l o w i n g  from 1 0  Mev 
t o  1 e v  w a s  o b t a i n e d ,  f r o m  t h e  h i s t o r i e s  f o u n d  i n  t h e  M o n t e  C a r l o  t i s s u e  
p r o b l e m ,  b y  w e i g h t i n g  t o  c o r r e c t  t h e  p r o p o r t i o n s  o f  H t o  0. The  w e i g h t i n g  

assumed N and C c o l l i s i o n s  were 0 c o l l i s i o n s .  The v a l u e  o b t a i n e d  i s  

MONTE CARLO ESTIMATE OF AGE I N  R,O FOR 10-lllev NEUTRONS 

7 ( 1 0  M e V ,  1 e v )  = 177 c m 2  

w i t h  a s t a n d a r d  d e v i a t i o n  o f  5 c m 2 .  The r a t i o  o f  mean t i m e  be tween c o l l i s i o n s  
f o r  w a t e r  t o  t h a t  f o r  t i s s u e  r a n g e s  f rom 1.005 f o r  10-Mev n e u t r o n s  t o  0 . 9 2 2  
f o r  l - e v  n e u t r o n s .  S i n c e  l a r g e  mean f r e e  p a t h s  a r e  i n  t h e  h i g h - e n e r g y  r e g i o n  
f o r  b o t h  w a t e r  and t i s s u e ,  p r o b a b l y  no  c o r r e c t i o n  f o r  t ime s c a l e  need  be  made.. 

T h e  v a l u e  o b t a i n e d  i n  MonP-219* was 183 cm2.  I n  t h i s  r e p o r t  t h e  a g e  a s  a 
f u n c t i o n  o f  e n e r g y  was o b t a i n e d  and a v e r a g e d  o v e r  t h e  f i s s i o n  s p e c t r u m ,  w i t h  
a r e s u l t ,  r ,  %n c l o s e  a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  v a l u e .  

S t a t u s :  Comple ted ,  

- 

INTEBPOLATION ON COBdPUTED VALUES OF INTERNAL CONVJEBSION COEFFICIENTS 
(K-SHELL) 

O r i g i n :  Dr. 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 :  J .  H,  F i s h e l ,  K. A ,  P f l u e g e r ,  Be S. M c G i l l ,  
N a  D. G i v e n ,  C. L a  P e r r y  

R e f e r e n c e s :  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  P a n e l ,  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 ) ,  ORNL-408 ( f o r  p e r i o d  e n d i n g  J u l y  1 9 4 9 ) ,  ORNL-726 
( f o r  p e r i o d  e n d i n g  A p r i l  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  1 9 5 0 ) ,  
ORNL-888 ( f o r  p e r i o d  e n d i n g  O c t o b e r  1 9 5 0 ) ,  ORNL-979 ( f o r  p e r i o d  e n d i n g  J a n u a r y  

1951)  e 

Background and S t a t u s :  The K - s h e l l  i n t e r p o l a t i o n s  were c o m p l e t e d  d u r i n g  t h i s  

q u a r t e r .  ~n t h e  r e g i o n  z < 70  o r  k > 0 . 6  t h e  i n t e r p o l a t i o n  scheme u s e d  w a s  

t h e  one  d e s c r i b e d  i n  ORNL-979, pp .  3 8 - 4 0 .  I n  t h e  r e g i o n  z 2 7 0  and k I 0 . 6  

*For d e r i v a t i o n  of the formula used in Mod’-219 and comments on its odnesq see L. UT. Nosdheim, 
G. Nordheim, and H. Soodak, (2-1251; R, E .  Marshak, WPT-17; A. M. Weinterg (Pa le  Neutron Physlics),  
48-9-126, p.  39. 
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t h e  v a l u e  o f  t h e  r a t i o  o f  t h e  e x a c t  v a l u e s  o f  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  t o  t h e  D a n c o f f  a n d  M o r r i s o n  a p p r o x i m a t e  v a l u e  ( n e g l e c t s  b i n d i n g )  

d i f f e r s  g r e a t l y  from 1. F o r  t h i s  r e a s o n  t h e  i n t e r p o l a t i o n s  were done  d i r e c t l y  
on  l o g  a l  and l o g  p l .  T h e  i n t e r p o l a t i o n s  i n  b o t h  r e g i o n s  were d o n e  i n  t h e  
two s e q u e n c e s ,  k t h e n  Z, a n d ,  z t h e n  k ,  o f  s i n g l e  v a r i a b l e  i n t e r p o l a t i o n s .  The 
i n t e r p o l a t e d  v a l u e s  o f  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  were t a b u l a t e d  i n  
26 t a b l e s ,  one  f o r  e a c h  o f  t h e  f o l l o w i n g  a t o m i c  numbers :  z = 1 0 ,  15, 20, 25, 
30, 35, 40, 44, 48, 51, 54, 58, 6 1 ,  64, 67, 70,  72, 75,  78, 81, 83, 86, 88, 
90, 92, and 96. 

I n  a d d i t i o n  t o  t h e  t a b l e s  t h e  M a t h e m a t i c s  P a n e l  a l s o  c o m p l e t e d  26 g r a p h s  
o f  t h e  i n t e r p o l a t e d  v a l u e s  o f  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 .  E a c h  
g r a p h  i s  f o r  o n e  a t o m i c  n u m b e r  a n d  c o n t a i n s  t h e  t e n  c o e f f i c i e n t s  a l l  p 1  
( I  1, 2, 3, 4, 5 )  p l o t t e d  a s  f u n c t i o n s  of  t h e  e n e r g y  k. T h e s e  g r a p h s  and  
t a b l e s  w i l l  be p u b l i s h e d  a s  an OWL-1023. 

Problem: CALCULATION OF RACAB COEFFICIENTS FOB THE ANGULAR DISTRIBUTION IN 

NUCLEARREACTIONS 

Origin: D r s .  M. E.  Rose ,  Le C,  B i e d e n h a r n ,  P h y s i c s  D i v i s i o n  

Part ic ipat ing  Members o f  Pane l :  B. S. M c G i l l ,  R o  Crook ,  C. L ,  P e r r y  

Reference: Physics Division Quarterly Progress Report f o r  t h e  Period Ending 

March 25, 1951, ORNL-1005 

Background and Status:  The M a t h e m a t i c s  P a n e l  i s  c a l c u l a t i n g  t h e  R a c a h  c o e f -  

f i e? t s  P ( Z l ,  J,, I, J,; S, L )  f o r  S = 1, 3/2, 2 and L - 0 ,  1, 2, 8. The 
c a l c u l a t i o n s  for S = 1 h a v e  b e e n  c o m p l e t e d  and  a r e  b e i n g  c h e c k e d ,  The  c a l -  
c u l a t i o n s  may b e  e x t e n d e d  t o  i n c l u d e  S 5/2 and 3 0  

_ -  

Problem: EARMONIC ANALYSIS 

Origin: B, Se 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  Members of Panel: W e  C. S a n g r e n ,  J .  H .  F i s h e l ,  C. L.. P e r r y  

Reference: Mathematics Panel Quarterly Progress Report for the Period Ending 

January 31 ,  1951, ORNL-979. 

Background and Status:  
F o u r i e r  i n t e g r a l s  s i m i l a r  t o  t h o s e  m e n t i o n e d  i n  t h e  above  r e p o r t .  

Mr. B o r i e  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  248 
S i n c e  t h e  
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NEPA d i g i t a l  compute r  h a s  been  i n o p e r a t i v e ,  t h e  P a n e l  i n v e s t i g a t e d  e v a l u a t i n g  
t h e  i n t e g r a l s  on IBM and o t h e r  c o m p u t e r s .  S e v e r a l  me thods  o f  programming t h e  
e v a l u a t i o n  o f  t h e  i n t e g r a l s  were e v a l u a t e d .  The  d i f f e r e n t i a l  a n a l y z e r  and 
cinema i n t e g r a p h  a r e  b o t h  b e t t e r  s u i t e d  t o t h i s  problem t h a n  t h e  IBM compute r s .  

The  i n t e g r a l s  a r e  now b e i n g  e v a l u a t e d  on t h e  Wayne U n i v e r s i t y  d i f f e r e n t i a l  
an a1  y z e r  . 

Problem:  DETERMINATION OF THE DIFFUSION LENGTH O F  THEBMAL NEUTRONS I N  THE 

STANDARD GBAPEITE P X t E  

O r i g i n :  D r .  R. H .  R i t c h i e ,  H e a l t h  P h y s i c s  D i v i s i o n ;  E .  D. Klema,  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 :  K. A. P f l u e g e r ,  C. L.  P e r r y  

B e f e r e n c e s :  Preliminary Material for Manual on Graphite Testing, CL-573;  A 
Review of  Graphite Testing Procedures and T h e i r  Applications to t h e  B N L  
Reactor, BNL-77. 

Background  and S t a t u s :  T h e  d i f f u s i o n  l e n g t h  o f  t h e r m a l  n e u t r o n s  was c a l -  

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

a s o u r c e  i n  an i n f i n i t e l y  l o n g  r e c t a n g u l a r  co lumn,  The  s o u r c e s  c o n s i d e r e d  

were (1) a s i n g l e  s o u r c e  and  ( 2 )  a d o u b l e  s o u r c e ,  F o r  t h e  s i n g l e  s o u r c e  t h e  
s e r i e s  s o l u t i o n  was a p p r o x i m a t e d  b y  t h e  sum o f  t e rms  t o  and  i n c l u d i n g  t h e  
f i f t h  harmonic ,  F o r  t h e  d o u b l e  s o u r c e  t h e  s e r i e s  s o l u t i o n  was a p p r o x i m a t e d  by 
t h e  sum of terms t o  and  i n c l u d i n g  t h e  s e v e n t h  ha rmon ic ,  End c o r r e c t i o n  terms 

were a l s o  c a l c u l a t e d  t o  c o m p e n s a t e  f o r  t h e  f i n i t e  l e n g t h  o f  t h e  p i l e . .  The 
c o m p u t a t i o n s  have  been  c o m p l e t e d ,  

Problem: DETERHINATION O F  STOPPING POWERS FOR I O N S  

O r i g i n :  Drs, W u  So Snyder  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 .  K .  A "  P f l u e g e r  

R e f e r e n c e s :  Mathematics Panel Quarterly progress Report for the Period Ending 

January 3 1 ,  2 9 5 1 ,  ORNL-979, pp .  4 2 - 4 3 ;  Ionization and Excitation Losses of 

Charged Particles of Intermediate Energies, ORNL-884. 

Background and S t a t u s :  The  r a t e  of  e n e r g y  l o s s  o f  an i o n  ( . z B 9  inl) moving in 

a medium w i t h  one  n u c l e u s  ( t Z 8  m a )  p e r  c u b i c  c e n t i m e t e r  i n  Mev/cm i s  g i v e n  by  
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1 . 6 0 2  X 10"6rnV2 
r = i  

2mv2 
0 ,  I n  

I, x 1.602 x 

( s e e  ORNL-884, p p .  9 - 1 0 ,  f o r m u l a s  11 and 1 6 ) ,  where  m i s  t h e  e l e c t r o n  r e s t  

mass,  e t h e  e l e c t r o n  c h a r g e ;  la,bl - l a r g e r  o f  a and b ;  I ,  = i o n i z a t i o n  e n e r g y  

o f  t h e  r t h  o r b i t a l  e l e c t r o n  o f  t h e  z, n u c l e u s ,  u T  ( 2 1 ,  1 . 6 0 2  e 10"'//m)', 
and  KO and K ,  a r e  m o d i f i e d  B e s s e l  f u n c t i o n s  o f  t h e  s e c o n d  k i n d .  The  Mathe -  
m a t i c s  P a h e l  i s  e v a l u a t i n g  (-1/N) ( d E 1 d . x )  f o r  t h e  r a n g e  0 . 1  i W L. 44.5 where  

W 2 h V/2ne2, t, = 1 ,  2 ,  6 ,  T p  8 ;  and z2 = 1, 6 ,  9 ,  8 ,  t i s s u e ,  

Probleo%: ESTIMATION OF TOTAL ABSORPBIOR! BY THE BLOOD OF RADIOCALCIUW AD- 
MINISTERED ORALLY IN D A I R Y  CATTLE 

O r i g i n :  D r ,  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  
Program 

P a r t i c i p a t i n g  members o f  Panel: A.. W e  K i m b a l l ,  C .  L ,  P e r r y ,  B .  S .  McGiEP, 
G. J o  A t t a  

Background:  T h i s  p r o b l e m  w a s  f i r s t  i n t r o d u c 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-979 ,  p a  25) and i s  d e s c r i b e d  i n  d e t a i l  t h e r e .  

Status:  P r e l i m i n a r y  c o m p u t a t i o n s  on  t h e  f i r s t  few e x p e r i m e n t s  i n d i c a t e d  t h e  
need  for more e m p i r i c a l  d a t a , w h i c h  have j u s t  now been  r e c e i v e d .  Work on  t h e  

new d a t a  w i l l  b e g i n  s h o r t l y .  
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Problem: COBPABISON OF MUTATIONS I N  YEAST INDUCED BY ULTRAVIOLET I R R A D I A T I O N  

Origin: Dr. S .  Pomper,  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 o f  P a n e l :  A .  W .  K i m b a l l ,  B. S .  M c G i l l ,  G. J .  A t t a  

Background: T h i s  i s  t h e  c o n c l u s i o n  o f  t h e  a n a l y s i s  o u t l i n 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  (ORNL-979, p .  2 4 ) .  

S t a t u s :  The  a n a l y s i s  c o n c e r n s  t h e  r e s u l t s  o f  1 6  e x p e r i m e n t s  i n v e s t i g a t i n g  
t h e  e f f e c t  of u l t r a v i o l e t  i r r a d i a t i o n  on a d e n i n e  and u r a c i l  m u t a t i o n  r a t e s  i n  
b o t h  d i p l o i d  and h a p l o i d  o r g a n i s m s .  I n  t h r e e  o f  t h e  e x p e r i m e n t s  some c u l t u r e s  
were e x p o s e d  t o  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  e x p o s u r e  t o  u l t r a v i o l e t  r a d i a -  
t i o n .  I n  a d d i t i o n  t o  a c o n t r o l  g roup ,  e x p o s u r e s  o f  l ,  2 ,  4 ,  8 ,  and 1 6  min were 

employed ,  a l t h o u g h  n o t  a l l  e x p o s u r e  g r o u p s  were i n c l u d e d  i n  e a c h  e x p e r i m e n t .  
M u t a t i o n  r a t e s  were c o m p u t e d  by r e f e r e n c e  t o  c o m p l e t e  a g a r  c u l t u r e s  r u n  
s i m u l t a n e o u s l y  w i t h  t h e  a d e n i n e -  and  u r a c i l - d e f i c i e n t  c u l t u r e s .  

The  a n a l y s i s  was b a s e d  on  t h e  s q u a r e  r o o t s  o f  t h e  m u t a t i o n  r a t e s ,  a n d  
r e c t i  l i n e a r  p l o t s  o f  s e v e r a l  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  t r a n s f o r m e d  r a t e s  
were l i n e a r l y  r e l a t e d  to  e x p o s u r e  t ime.  F u r t h e r m o r e  r e p e a t e d  e x p e r i m e n t s  
w i t h  t h e  same t r e a t m e n t  c o m b i n a t i o n s  . e x h i b i t e d  s i m i l a r  s l o p e s ,  a l t h o u g h  s l i g h t  
d i f f e r e n c e s  i n  c o n d i t i o n s  f rom one  e x p e r i m e n t  t o  a n o t h e r  r e s u l t e d  i n  a v e r a g e  
m u t a t i o n  r a t e s  a t  d i f f e r e n t  l e v e l s .  A s l o p e  and  an  i n t e r c e p t  f o r  e a c h  e x -  
p e r i m e n t  were e s t i m a t e d  by t h e  method o f  maximum l i k e l i h o o d ,  w h i c h  i n , t h i s  
c a s e  i s  i d e n t i c a l  w i t h  t h e  method o f  l e a s t  s q u a r e s .  

The e f f e c t s  o f  p r i m a r y  i n t e r e s t  were examined  on t h e  b a s i s  o f  t h e  e s t i -  
mated a v e r a g e  s l o p e s .  For u r a c i l ,  t h e  s l o p e s  were 

DIPLOID HAPLOID 

No u l t r a s o n i c  0.218 ( b l )  0.281 ( b l )  
U l t r a s o n i c  0 .104  ( b , )  0.124 (a,) 

The p r i n c i p a l  e f f e c t s  were t e s t e d  f o r  s i g n i f i c a n c e  by fo rming  t h e  a p p r o p r i a t e  
l i n e a r  c o m b i n a t i o n  o f  t h e  b ’ s  and u s i n g  t h e  f a m i l i a r  S t u d e n t ’ s  t s t a t i s t i c .  
The r e s u l t s  a r e  as  f o l l o w s :  

EFFECT COMB1 N AT1 ON t P 

Haploid-diploid b, + b, - b,  - b4 3.05 <o rn 01 

Ultrasonic-no u l t r a son ic  b, + b, - b3 - b4 9.89 <0.01 
In t e rac t ion  ( b l  - b z )  - Cb3 - b4) 1.55 0.13 
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I t  seems c l e a r  t h a t  t h e  e f f e c t  o f  u l t r a v i o l e t  r a d i a t i o n  on h a p l o i d s  i s  more 
p r o n o u n c e d  t h a n  i t  i s  o n  d i p l o i d s ,  a c o n c l u s i o n  w h i c h  i s  c o n s i s t e n t  w i t h  
p r e v i o u s  o b s e r v a t i o n s .  I t  i s  a l s o  c l e a r  t h a t  u l t r a s o n i c  t r e a t m e n t  r e d u c e s  t h e  
s l o p e s  a b o u t  SO%,. B o t h  t h e s e  c o m p a r i s o n s  a r e  s i g n i f i c a n t  a t  t h e  1% l e v e l .  
However ,  t h e  i n t e r a c t i o n  c o m p a r i s o n ,  w h i c h  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
i n d i c a t e s  t h a t  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 s  a b o u t  t h e  same o n h a p l o i d s  
a s  i t  i s  on  d i p l o i d s ,  s o  t h a t  t h e  e f f e c t  i s  n o t  s p e c i f i c  f o r  e i t h e r  t y p e  o f  
or g a n i  sm . 

For a d e n i n e  t h e  s l o p e s  were 

DIPLOID HAPLOID 

No u l t r a s o n i c  0 .587  ( b l )  0.619 ( b 2 )  
U1 t r a s  on i E 0 . 2 7 8  (b4) 

No e x p e r i m e n t s  w i t h  u l t r a s o n i c s  were p e r f o r m e d  w i t h  t h e  a d e n i n e  m u t a n t ,  s o  

t h a t  n o  e s t i m a t e  o f  b ,  i s  a v a i l a b l e .  I n  t h i s  c a s e  t h e  compar i sons  a r e  

EFFECT COMBINATION t P 

Haploid-dip l o i d  b l  - b2 0 . 9 1  0 . 3 7  

Ultrasonic-no  u l t r a s o n i c  b2 - 6 ,  7 . 9 1  6.01 

Here t h e r e  a p p e a r  t o  be  n o  d i f f e r e n c e s  b e t w e e n  t h e  h a p l o i d  and  d i p l o i d  or- 
g a n i s m s ,  a l t h o u g h  t h e  same p r o n o u n c e d  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 s  o b -  
s e r v e d .  B e c a u s e  n o  e s t i m a t e  o f  b ,  i s  a v a i l a b l e ,  t h e  t e s t  f o r  i n t e r a c t i o n  
c a n n o t  be  c a r r i e d  o u t .  

I n  t h i s  a n a l y s i s  t h e  e q u a t i o n  

& =  a + b t  

was  f i t t e d  t o  t h e  d a t a  f r o m  e a c h  e x p e r i m e n t ,  w h e r e  y = m u t a t i o n  r a t e  a n d  
t = l e n g t h  o f  e x p o s u r e  t o  u l t r a v i o l e t  r a d i a t i o n .  I n  some c a s e s  t h e  o b s e r v e d  
p o i n t s  f a l l  a l m o s t  e x a c t l y  on a s t r a i 5 h t  l i n e .  I f  t h e  l i n e a r i t y  o f  r e s p o n s e  

i s  r e a l ,  t h i s  i m p l i e s  t h a t  

y = a2  + 2 a b t  + b 2 t 2 .  
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I n  much o f  t h e  l i t e r a t u r e  on r a d i a t  on g e n e t i c s  r e s p o n s e s  o f  t h i s  n a t u r e  a r e  
i n t e r p r e t e d  a s  e v i d e n c e  o f  a t w o - h  t phenomenon,  w h e r e a s  a l i n e a r  r e l a t i o n  
be tween r e s p o n s e  and d o s e  i s  t a k e n  t o  mean t h a t  a s i n g l e - h i t  phenomenon i s  a t  
work. B e c a u s e  o f  t h e  a m b i g u i t y  i n  a r g u i n g  from an e m p i r i c a l l y  f i t t e d  c u r v i -  
l i n e a r  r e s p o n s e  , w h i c h  d e p e n d s  i n  l a r g e  m e a s u r e  on t h e  p a r t i c u l a r  f u n c t i o n  
c h o s e n  ( a n d  t h e r e  i s  a l m o s t  an u n l i m i t e d  number f rom which  t o  c h o o s e ) ,  t o  t h e  
f u n d a m e n t a l  l a w s  g o v e r n i n g  t h e  r a d i a t i o n  e f f e c t  a n y  c o n c l u s i o n  w h i c h  g o e s  
beyond  t h e  p o s t u l a t i o n  o f  some m u l t i p l e - h i t  phenomenon i s  o p e n  t o  s e r i o u s  

q u e s t i o n .  The most  w e  c a n  hope t o  do  i n  b i o l o g i c a l  e x p e r i m e n t s  i s  t o  c l a s s i f y  
a r a d i a t i o n  e f f e c t  e i t h e r  a s  a s i n g l e - h i t  or a s  a m u l t i p l e - h i t  phenomenon.  
I n  t h e s e  e x p e r i m e n t s ,  t h e r e f o r e ,  t h e r e  i s  ample  e v i d e n c e  t o  i n d i c a t e  t h a t  a 
m u l t i p l e - h i t  r a d i a t i o n  e f f e c t  i s  a t  work ,  b u t  any  c o n c l u s i o n  beyond t h i s  c a n  
c e r t a i n l y  n o t  be s u p p o r t e d ,  a t  l e a s t  n o t  by a p p e a l  t o  s t a t i s t i c a l  i n f e r e n c e .  

Problem: ESTIMATION OF DIFFERENCE I N  ACTIVATION E N E B G I E S  OF C p z  a n d  CI4 

P a r t i c i p a t i n g  Heabers o f  Panel :  A.  W .  K i m b a l l ,  C. P e r h a c s ,  G. J .  A t t a  

Background: T h e r e  i s  r e c e n t  e v i d e n c e  t o  i n d i c a t e  t h e  e x i s t e n c e  o f  i s o t o p e  
e f f e c t s  i n  t h e  r e a c t i o n s  o f  i s o t o p i c  c a r b o n - l a b e l e d  o r g a n i c  compounds ,  , a n d  
s u c h  e f f e c t s  a r e  i m p o r t a n t  b e c a u s e  o f  t h e  d o u b t  w h i c h  t h e y  c a s t  o n  c o n -  
c l u s i o n s  drawn from t r a c e r  e x p e r i m e n t s  i n  c h e m i c a l  and b i o l o g i c a l  s y s t e m s .  I n  
t h e s e  e x p e r i m e n t s  t h e  e f f e c t  o f  t e m p e r a t u p e  o n  t h e  m a g n i t u d e  o f  a s i m p l e  
i s o t o p e  e f f e c t  was i n v e s t i g a t e d .  

T r a c e r - l a b e l e d  f 0 r n 1 i c - C ' ~  a c i d  w a s  d e h y d r a t e d  i n  e x c e s s  95% s u l f u r i c  a c i d  
a t  f o u r  t e m p e r a t u r k s .  A t  e a c h  t e m p e r a t u r e  t h e  e v o l v e d  c a r b o n  monox ide  was 
p a s s e d  t h r o u g h  a s m a l l  i o n i z a t i o n  c h a m b e r  where  i t s  i n s t a n t a n e o u s  s p e c i f i c  
a c t i v i t y  was m e a s u r e d  and  a u t o m a t i c a l l y  p l o t t e d  a s  a f u n c t i o n  o f  time b y  a 

Brown r e c o r d e r  u s e d  w i t h  a v i b r a t i n g - r e e d  e l e c t r o m e t e r .  In e a c h  c a s e  t h e  
f i r s t - o r d e r  r e a c t i o n  r a t e  c o n s t a n t ,  k,, , w a s  d e t e r m i n e d  s i m u l t a n e o u s l y  b y  
measurement  o f  t h e  change  o f  t h e  t o t a l  g a s  volume w i t h  t i m e .  

A t  e a c h  t e m p e r a t u r e  t h e  d i f f e r e n c e ,  k,, - k 1 4 ,  i n  t h e  r e a c t i o n  r a t e  

c o n s t a n t s  f o r  t h e  two s p e c i e s  was d e t e r m i n e d  from t h e  s l o p e  o f  t h e  l i n e a r  p l o t  

o f  t h e  l o g a r i t h m  o f  t h e  s p e c i f i c  a c t i v i t y  a g a i n s t  t i m e ,  a n d  t h e  i s o t o p e  
e f f e c t  was c a l c u l a t e d  as  100(k,, - k14)/k12. By t h e  method o f  l e a s t  s q u a r e s o  
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a s t r a i g h t  l i n e  was f i t t e d  t o  e a c h  s e t  o f  d a t a ,  a n d  t h e  e s t i m a t e s  o f  t h e  
s l o p e s  a n d  t h e i r  v a r i a n c e s  were c o m b i n e d  t o  d e t e r m i n e  t h e  d i f f e r e n c e  i n  
a c t i v a t i o n  e n e r g i e s ,  &. The p rob lem was t o  f i n d  . a  v a r i a n c e  f o r  AE. 

S i n c e  i t  was v i r t u a l l y  i m p o s s i b l e  t o  f i n d  t h e  e x a c t  v a r i a n c e  o f  A E ,  t.he 
f o l l o w i n g  a p p r o x i m a t e  me thod*  was  e m p l o y e d :  L e t  6 be  a c o n t i n u o u s  r andom 
v a r i a b l e ,  and  l e t  f ( c )  be a n o t h e r  random v a r i a b l e  d e p e n d e n t  o n l y  on c p  and  
s a t i s f y i n g  t h e  c o n d i t i o n s  s t a t e d  i n  t h e  r e f e r e n c e .  The  v a r i a n c e  o f  f ( 4 )  i s  

d e f i n e d  t o  be 

where  t h e  e x p e c t e d  v a l u e s  a r e  t a k e n  o v e r  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  5 .  
We can  expand f (5)  i n  a T a y l o r ’ s  s e r i e s  a b o u t  E ( 5 )  a s  fol l iows:  

I g n o r i n g  a l l  n o n l i n e a r  terms i n  4, w e  have  

N o w  i f  E[f(!f)]  = f [ E ( t ) ]  w e  may w r i t e  

as an  a p p r o x i m a t i o n  t o  t h e  v a r i a n c e  o f  f (5)  When two random v a r i a b l e s  a r e  
i n v o l v e d ,  a T a y l o r ’ s  s e r i e s  e x p a n s i o n  i n  two v a r i a b l e s  i s  e m p l o y e d ,  and  t h e  
c a l c u l a t i o n  p r o c e e d s  i n  a s i m i l a r  f a s h i o n .  

The c a l c u l a t i o n  o f  AE i n  t h e  p r e s e n t  e x p e r i m e n t s  i n v o l v e d  t a k i n g  r a t i o s  

o f  random v a r i a b l e s  a n d  l o g a r i t h m s  o f  r andom v a r i a b l e s .  The  a p p r o x i m a t e  

‘Proved i n  d e t a i l  i n  Techniques of Statistical A n a l y s i s ,  ed. by Eisenhaart, Hastay, and Wallis, pp. 409- 
410, MeGraw-Hill, New York, 1947. 
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m e t h o d  j u s t  d e s c r i b e d  l e a d s  t o  t h e  f o l l o w i n g  v a r i a n c e  f o r m u l a s :  

The f i r s t  f o r m u l a  i s  u s e d  w i d e l y  i n  b i o a s s a y  c a l c u l a t i o n s .  

T h e  f i n a l  e s t i m a t e  of t h e  d i f f e r e n c e ,  AE, i n  t h e  A r r h e n i u s  a c t i v a t i o n  
e n e r g i e s  for t h e  two s p e c i e s  was 183 c a l o r i e s  p e r  mole ,  w i t h  a s t a n d a r d  e r r o r  
o'f 9 c a l o r i e s  p e r  m o l e .  I f ,  b e c a u s e  o f  t h e  a p p r o x i m a t i o n s  i n v o l v e d  i n  t h e  
c a l c u l a t i o n  o f  t h e  s t a n d a r d  e r r o r .  i t  s h o u l d  be i n  e r r o r  a s  much a s  5 0  o r  
even  loo%,  t h e  r e s u l t s  a r e  d e f i n i t e  enough  t o  e s t a b l i s h  t h e  e x i s t e n c e  o f  t h i s  
s i m p l e  i s o t o p e  e f f e c t .  

T h e  p a p e r  d e s c r i b i n g  t h i s  e x p e r i m e n t  i n  d e t a i l  h a s  b e e n  s u b m i t t e d  for  
p u b l i c a t i o n  t o  the Journal of the  American Chemical S o c i e t y .  

Problem: 
WATER 

DESIGN AND ANALYSIS OF EXPERIMENT ON REMOVAL 0P.RADIOACTIVITY FROM 

Origin: Dr. C. P. S t r a u b ,  H e a l t h  P h y s i c s  D i v i s i o n  

Participating Members of Panel: A .  W. K i m b a l l ,  G .  J .  A t t a  

Background and Status: T h e  e x p e r i m e n t e r s  a r e  i n t e r e s t e d  i n  d e t e r m i n i n g  t h e  
c o n d i t i o n s  u n d e r ' w h i c h  r a d i o a c t i v i t y  i n  w a s t e  w a t e r  c a n  b e  r e m o v e d  m o s t  
e f f i c i e n t l y .  S e v e r a l  f a c t o r s  may i n f l u e n c e  t h e  r emova l ,  and i t  was d e s i r e d  i n  
a p r e l i m i n a r y  e x p e r i m d n t  t o  i n v e s t i g a t e  f o u r  o f  them. A f a c t o r i a l  d e s i g n  

i n c l u d i n g  t h e  four f a c t o r s ,  e a c h  a t  t h r e e  l e v e l s ,  w a s  c o n s t r u c t e d ,  a n d ,  a f t e r  
p r o p e r  r a n d o m i z a t i o n ,  was u s e d  i n  t h e  e x e c u t i o n  of t h e  e x p e r i m e n t .  The  f o u r  

f a c t o r s  were i n i t i a l  pH, i n i t i a l  a c t i v i t y ,  t u r b i d i t y ,  and c o a g u l a n t .  

, 
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The  q u a n t i t y  measu red  was r e s i d u a l  a c t i v i t y ,  a n d  r e a d i n g s  were t a k e n  a t  
2 and  24 h r  a f t e r  p r o c e s s i n g .  S e p a r a t e  a n a l y s e s  were p e r f o r m e d  f o r  e a c h  s e t  
o f  measurements ,  and f o r  a l l  p r a c t i c a l  p u r p o s e s  t h e  r e s u l t s  were i d e n t i c a l  f o r  
t h e  two t i m e  p e r i o d s .  

On t h e  a s s u m p t i o n  t h a t  t h e  o r i g i n a l  d a t a  f o l l o w e d  a P o i s s o n  d i s t r i b u t i o n ,  
t h e  t r a n s  forma t i  on 

y = . l n + m  # 

shown r e c e n t l y  by Freeman and  Tukey  [Ann. Math.  S t u t .  21, 610 ( 1 9 5 o ) l  t o  b e  
most  d e s i r a b l e  f o r  s t a b i l i z i n g  v a r i a n c e ,  was a p p l i e d  t o  e a c h  measurement .  The 
a n a l y s e s  o f  v a r i a n c e  on w h i c h  t h e  c o n c l u s i o n s  a r e  b a s e d  were p e r f o r m e d  w i t h  
t h e  t r a n s  f o rmed v a r i a t e s  . 

T h e  r e s u l t s  o f  t h e  e x p e r i m e n t  i n d i c a t e  t h a t  g r e a t e r  r emova l  i s  e f f e c t e d  
when t h e  w a t e r  i n f l o w  i s  e i t h e r  n e u t r a l  O P  a l k a l i n e ,  a l t h o u g h  i t  seems t h a t  
n o t h i n g  i s  g a i n e d  by making  t h e  w a t e r  e x c e s s i v e l y  a l k a l i n e .  I t  i s  c l e a r  t h a t  
t u r b i d i t y  a n d  c o a g u l a n t  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  r e m o v a l  ~ a n d  t h a t  
p o s s i b l y  g r e a t e r  removal  c o u l d  be a c h i e v e d  a t  l e v e l s  o f  c o a g u l a n t  and t u r b i d i t y  

g r e a t e r  t h a n  t h o s e  u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t .  I n  g e n e r a l ,  p e r c e n t a g e  
r emova l  seems t o  l i e  be tween  50 and 60% w i t h  a t e n d e n c y  toward  g r e a t e r  r e l a -  
t i v e  r emova l  a t  h i g h e r  a c t i v i t y  l e v e l s ,  wh ich  i s  t o  be e x p e c t e d ,  T h e  f i r s t -  
o r d e r  i n t e r a c t i o n  be tween pH and c o a g u l a n t  was s t a t i s t i c a l l y  s i g n i f i c a n t ,  and  
t h i s  e f f e c t  was t r a c e d  t o  t h e  f a c t  t h a t  t h e  a d d i t i o n  o f  i n c r e a s i n g  amounts  o f  
c o a g u l a n t  t o  t h e  a c i d  w a t e r  made t h e  w a t e r  n e u t r a l  or a l k a l i n e  and  t h e r e b y  
i n c r e a s e d  r e m o v a l .  No s u c h  e f f e c t  was o b s e r v e d  a t  t h e  n e u t r a l  and  a l k a l i n e  
pH l e v e l s  s i n c e  maximum removal  w i t h  r e s p e c t  t o  pH had a l r e a d y  been  a c h i e v e d .  
The  f i r s t - o r d e r  i n t e r a c t i o n  between t u r b i d i t y  and c o a g u l a n t  w a s  a l s o  s t a t i s t i -  

c a l l y  s i g n i f i c a n t .  I n  t h i s  c a s e  v e r y  poor  r emova l  was e f f e c t e d  when n e i t h e r  
o f  t h e  two f a c t o r s  w a s  a d d e d .  H o w e v e r ,  w i t h  some  t u r b i d i t y  p r e s e n t ,  a d -  
d i t i o n a l  a m o u n t s  o f  c o a g u l a n t  i n c r e a s e d  r e m o v a l  p r o p o r t i o n a t e l y  a t  t h e  t w o  

l e v e l s  o f  t u r b i d i t y  u s e d ,  T h i s  o b s e r v a t i o n  m e r e l y  draws a t t e n t i o n  t o  t h e  need  
f o r  b o t h  f a c t o r s  i n  t h e  p r o c e s s i n g .  

T h e  e x p e r i m e n t a l  d a t a  a n d  t h e  c o r r e s p o n d i n g  s t a t i s t i c a l  a n a l y s e s  a r e  

q u i t e  e x t e n s i v e ,  a n d  f o r  t h i s  r e a s o n  h a v e  n o t  b e e n  p r e s e n t e d  h e r e .  T h e  
e n t i r e  e x p e r i m e n t  w i l l  be d e s c r i b e d  i n  d e t a i l  i n  t h e  n e a r  f u t u r e  i n  a W e a l t h  
P h y s i c s  D i v i s i o n  i n t r a d e p a r t m e n t a l  memorandum e n t i t l e d  Preliminary R e p o r t  of 
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P r o g r e s s :  Removal of Fission Products b y  Coagulation and Turbidity in Jar 
T e s t s .  I t  i s  p l a n n e d  e v e n t u a l l y  t o  i n c o r p o r a t e  t h e  r e s u l t s  i n  an ORNL r e p o r t .  

Problem: TEMPORAL EFFECTS OF IRRADIATION ON CELL DIAMETERS 

Origin: Nyra  H a r r i n g t o n ,  B i o l o g y  D i v i s i o n  

Participating Members of Panel: J. Moshman, G. J .  A t t a  

Background: S a m p l e s  o f  c o n t r o l  and  i r r a d i a t e d  c e l l s  were m a i n t a i n e d  i n  a 
c u l t u r e  f o r  p e r i o d s  o f  1 0 ,  12, 1 4 , a n d  1 6  h r  a f t e r  t h e  t r e a t e d  c e l l s  were 
i r r a d i a t e d .  I t  was d e s i r e d  t o  examine t h e  e f f e c t s  o f  t h e  v a r i o u s  time i n t e r -  
v a l s  on t h e  c e l l  d i a m e t e r s .  

S u b m i t t e d  f o r  a n a l y s i s  were d i a m e t e r  r e a d i n g s  o f  g r o u p s  o f  20  e a c h  for 
c o n t r o l  and  t r e a t e d  c e l l s  f o r  e a c h  o f  t h e  f o u r  t i m e  p e r i o d s .  The  d a t a  were 

examined  by t h e  a n a l y s i s  o f  v a r i a n c e  i n  two o r t h o g o n a l  breakdowns .  The f i r s t  
compar i son  p a r t i t i o n e d  t h e  s o u r c e s  o f  v a r i a t i o n  i n t o :  

1. I r r a d i a t e d  vs.. c o n t r o l  ( I C )  

2. Time (7’) 

3. I n t e r a c t i o n  ( I C  x T )  

4 .  E r r o r  ( E )  

and t h e  s e c o n d  i n t o :  

1. I r r a d i a t e d  vs .  c o n t r o l  (IC) 

2. C o n t r o l  ( C )  

3. I r r a d i a t e d  ( I )  

4.  E r r o r  ( E )  

S o u r c e s  1 and 4 were t h e  same f o r  b o t h  ca ses .  

I t  was f o u n d  t h a t  t h e  I C  sum o f  s q u a r e s  w a s  h i g h l y  s i g n i f i c a n t  i n  com- 
p a r i s o n  w i t h  t h e  e r r o r  t e r m ,  r e v e a l i n g  a t r u e  d i f f e r e n c e  be tween  t h e  means o f  

t h e  c o n t r o l  and i r r a d i a t e d  g r o u p s ,  S i m i l a r l y ,  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  
were o b t a i n e d  b e t w e e n  t h e  f o u r  t ime  p e r i o d s ,  b u t  t h e  i n t e r a c t i o n  w a s  n e g l i -  

g i b l e ,  i n d i c a t i n g  t h a t  t h e  t i m e  had no a p p r e c i a b l e  e f f e c t  on c o n t r o l - i r r a d i a t e d  
d i f f e r e n c e s .  
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From t h e  s e c o n d  p a r t i t i o n  i t  was found t h a t  t h e  c o n t r o l  c e l l s  t h e m s e l v e s  
d i f f e r e d  s i g n i f i c a n t l y  (P < 0 . 0 1 )  f rom e a c h  o t h e r  f r o m  o n e  t i m e  p e r i o d  t o  
a n o t h e r  and  s o  d i d  t h e  i r r a d i a . t e d  (P < 0,OS). T h i s  phenomenon was  t o  b e  
e x p e c t e d  i n  v i e w  o f  t h e  f a c t  t h a t  t h e  c e l l s  c o n t i n u e d  t o  be v i a b l e  a n d  s o  

c o n t i n u e d  t o  grow. 

S t a t u s :  Comple ted .  

Problem: A SIMPLE CRITERION FOR TESTING AN OUTLYING OBSERVATION 

P a r t i c i p a t i n g  Members of P a n e l :  J .  Moshman, G. J .  A t t a  

B a c k g r o u n d :  A p r e v i o u s  p r o g r e s s  r e p o r t  o f  t h i s  P a n e l  (ORNL-888, p .  1 3 )  
d e s c r i b e d  a r o u g h  t e s t  w h i c h  c o u l d  be  u s e d  t o  examine  one  o f  f o u r  r e a d i n g s  a s  
a p o s s i b l e  anomalous  o b s e r v a t i o n .  The  t e s t  s o  d e s c r i b e d  h a s  b e e n  s h a r p e n e d  

and e x t e n d e d .  

G r e a t e r  p r e c i s i o n  h a s  been  o b t a i n e d  by e q u a t i n g  t h e  e x p e c t e d  v a l u e  o f  t h e  

r a n g e ,  R, ,  o f  n o b s e r v a t i o n s  to C1,,c i n s t e a d  o f  d , a .  The f a c t o r  d, i s  t h e  
e x p e c t e d  v a l u e  o f  t h e  r a n g e  i n  r e p e a t e d  s a m p l e s  o f  n ,  e a c h  f r o m  a n o r m a l  
p o p u l a t i o n  w i t h  u n i t  v a r i a n c e .  The more p r e c i s e  v a l u e ,  C l , , ,  i s  t h e  a p p r o p r i a t e  
s c a l e  f a c t o r  f o r  o n e  s a m p l e  o f  s i z e  n .  I f ,  i n  g e n e r a l ,  CS,, i s  t h e  s c a l e  

f a c t o r  f o r  s s a m p l e s  o f  n e a c h ,  i t  i s  t r u e  t h a t  

l i m  CS,, = d,  . 
s + m  

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

f o r  t e s t i n g  w h e t h e r  one  o b s e r v a t i o n  o f  a s a m p l e  o f  n s h o u l d  be r e j e c t e d  h a v e  
been  computed f o r  n = 3(1)15(5)25. 

S t a t u s :  

v a l u e s  o f  g, a r e  b e i n g  p r e p a r e d  f o r  p u b l i c a t i o n  a s  a p r o j e c t  r e p o r t .  

A more c o m p r e h e n s i v e  d i s c u s s i o n  o f  t h e  t h e o r y  and t a b l e s  o f  c r i t i c a l  
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Problee  ( c o n t i n u a t i o n )  : DETERMINATION OF FAST-NEUTRON FLUX I N  ORNL P I L E  

or ig in:  Dr. D. K .  Holmes,  P h y s i c s  D i v i s i o n  . 
Part ic ipat ing  Hember of Panel: J .  Moshman 

P a r t i c i p a t i n g  lllesber o f  K - 2 5  Central s t a t i s t i c a l  Laboratory: E.  €3. C a r t e r  

Background and Status:  The  p rob lem a s  d e s c r i b e d  i n  p r e v i o u s  p r o g r e s s  r e p o r t s  
o f  t h i s  P a n e l  ( s e e  p a  3 f o r  OWL numbers)  i s  p r e s e n t l y  i n  t h e  machine  s t a g e  
o f  c o m p u t a t i o n .  P r i o r  t o  t h e  a c t u a l  c a l c u l a t i o n  of  c o m p l e t e  n e u t r o n  h i s t o r i e s  
p r e l i m i n a r y  c a r d  d e c k s  h a v e  b e e n  p r e p a r e d  w i t h  s e t s  o f  random d i r e c t i o n  
c o s i n e s  f o r  e a c h  c o l l i s i o n ,  random r a d i a l  s t a r t i n g  p o i n t s  i n  t h e  f u e l  r o d s  i n  
a c c o r d a n c e  w i t h  t h e i r  known B e s s e l  f u n c t i o n  d i s t r i b u t i o n ,  and  random r e s u l t i n g  
e n e r g i e s  r e s u l t i n g  f r o m  i n e l a s t i c  c o l l i s i o n  w i t h  u r a n i u m  a t o m s .  A c t u a l  
h i s t o r i e s  s h o u l d  be commenced i n  May. 

I n  t h e  e v e n t  t h a t  i t  i s  s e e n  t h a t  t h e  r e l a t i v e  e x t r e m e  a c c u r a c y  s t r i v e n  
f o r  would be i m p r a c t i c a l  i n  terms o f  t ime r e q u i r e m e n t s ,  c e r t a i n  m o d i f i c a t i o n s  
a r e  p l a n n e d  wh ich  s h o u l d  e x p e d i t e  t h e  c a l c u l a t i o n s  a t  what  i s  hoped  w i l l  n o t  
be  t o o  g r e a t  a s a c r i f i c e  i n  a c c u r a c y .  T h e s e  m o d i f i c a t i o n s  i n c l u d e  t h e  s u b -  

s t i t u t i o n  o f  a s m a l l  number  ( 8  t o  1 6 )  o f  e n e r g y  l e v e l s  w i t h  c r o s s - s e c t i o n s  
a v e r a g e d  o v e r  t h e  l e v e l  i n s t e a d  o f  t h e  c o n t i n u o u s  e n e r g y  s p e c t r u m  a s  now s e t  

u p  and t h e  u s e  o f  o n l y  t h e  20 p o s s i b l e  s c a t t e r i n g  a n g l e s  o f  a r e g u l a r  i c o s a -  
hed ron  i n s t e a d  o f  t h e  c u r r e n t  t h r e e - d i g i t  random d i r e c t i o n  c o s i n e s ,  

Problem: HEAT EFFECT ON CELL EXTINCTION 

Origin: D r .  M B  E .  G a u l d e n ,  Nyra  H a r r i n g t o n ,  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, C. P e r h a c s ,  G. J .  A t t a  

Background: E i g h t y - o n e  g r a s s h o p p e r  c e l l s  were p r e p a r e d  from s e v e n  embryos w i t h  
m e t h y l  g r e e n  and  F e u l g e n  s t a i n s .  H a l f  t h e  c e l l s  were  t r e a t e d  w i t h  h e a t ,  and 
t h e  r ema inde r  were u n t r e a t e d .  Q u a n t i t i e s  measured  were: 

R ,  t h e  r a d i u s  o f  t h e  c e l l  n u c l e u s ,  
C, a p e r t u r e  r a d i u s ,  
I o 9  l i g h t  a b s o r p t i o n  o f  t h e  background ,  and 
I,, l i g h t  a b s o r p t i o n  o f  t h e  n u c l e u s .  
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. 
The  measu remen t  o f  i n t e r e s t  was E ,  t h e  e x t i n c t i o n  o f  t h e  e n t i r e  c e l l ,  w h e r e  

It was d e s i r e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  h e a t  on c e l l  e x t i n c t i o n .  

E a c h  c e l l  had  f i v e  or s i x  g r o u p s  o f  r e a d i n g s  o f  t h e  f o u r  v a r i a b l e s .  The  
q u a n t i t y  E was computed  on IBM m a c h i n e s  f o r  e a c h  o f  t h e  r e a d i n g s  and  e x t i n c -  
t i o n s  were a v e r a g e d  f o r  e a c h  c e l l .  

I t  was t h e n  o b s e r v e d  t h a t  v a r i a n c e s  o f  t h e  e x t i n c t i o n s  v a r i e d  w i t h  mean 
e x t i n c t i o n  and a l e a s t - s q u a r e s  f i t  r e v e a l e d  t h a t  t h e  v a r i a n c e  s 2  c o u l d  be  
a d e q u a t e l y  d e s c r i b e d  by t h e  r e l a t i o n  

s 2  = 0 . 0 2 6 5 6 ( 1 . 1 7 2 > E  

A c c o r d i n g l y ,  t h e  v a r i a b l e s  E were t r a n s f o r m e d  t o  a new s e r i e s  o f  v a r i a b l e s ,  

t o  

Y =  
0 . 1 5 8 7 ~ 0 . 0 2 6 5 6 ( 1 .  172)E  

8 

t a b i l i z e  t h e  v a r i a n c e .  

An a n a l y s i s  o f  v a r i a n c e  was  p e r f o r m e d  on  t h e  t r a n s f o r m e d  v a r i a t e s  i n  
which  t h e  embryo v a r i a t i o n  was a c c e p t e d  a s  t h e  p r o p e r  e r r o r  term. The  a n a l y s i s  
r e v e a l e d  t h a t  t h e r e  was  n o  s i g n i f i c a n t  d i f f e r e n c e  d u e  t o  t h e  h e a t  e f f e c t ,  
a l t h o u g h  t h e  F e u l g e n  s t a i n  had  a s i g n i f i c a n t l y  (P << 0 . 0 1 )  g r e a t e r  e x t i n c t i o n  
t h a n  t h e  m e t h y l  g r e e n .  The  i n t e r a c t i o n  b e t w e e n  h e a t  and  s t a i n  was a l s o  n o t  

s i gn i f i c a n  t . 
Status: Comple ted .  

Problem: ISODOSE CURVES FOR BETA EPITTEBS 

Origin: Dr. M a r s h a l l  B r u c e r ,  ORINS Medica l  D i v i s i o n  
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P a r t i c i p a t i n g  members of Panel: J .  Moshman, G .  E. A l b e r t  

Background: I n  t h e  t r e a t m e n t  of n e o p l a s i a  w i t h  r a d i o a c t i v e  i s o t o p e s  t h a t  are 

p r e d o m i n a n t l y  b e t a  e m i t t e r s ,  by  means  o f  r a d i o a u t o g r a p h s  v e r y  i r r e g u l a r  
p a t t e r n s  o f  i o n i z a t i o n  h a v e  been  o b s e r v e d  t o  e x i s t .  I t  i s  b e l i e v e d  t h a t  i f  
c o n c e n t r i c  i s o d o s e  c u r v e s  c a n  be t h e o r e t i c a l l y  computed i n  t i s s u e  from known 
s o u r c e s ,  a me thod  may b e  f o u n d  o f  i n t r o d u c i n g  t h e  i s o t o p e  i n  t h e  tumor  s o  

t h a t  maximum t h e r a p e u t i c  e f f e c t  may be o b t a i n e d  w i t h  minimum damage t o  a d -  
j a c e n t  h e a l t h y  t i s s u e .  

S t a t u s :  The p rob lem h a s  j u s t  r e c e n t l y  been  p r o p o s e d .  I t  i s  b e l i e v e d  t h a t  a 
Monte C a r l o  p r o c e d u r e  may a d v a n t a g e o u s l y  b e  employed i f  t h e r e  e x i s t s  s u f f i c i e n t  
knowledge  o f  t h e  t i s s u e  m a t e r i a l  c r o s s - s e c t i b n s  t o  b e t a  r a y s .  An i n v e s t i -  

g a t i o n  i s  unde rway  i n t o  t h e  a v a i l a b i l i t y  o f  t h e  n e c e s s a r y  p h y s i c a l  d a t a  t o  
d e t e r m i n e  t h e  f e a s i b i l i t y  o f  Monte C a r l o  a p p r o a c h .  

Problem: T E S T I N G  A S T R A G G L E R  HEAN I N  A TWO-WAY C L A S S I F I C A T I O N  U S I N G  TEE RANGE 

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

B a c k g r o u n d :  T h e r e  h a v e  r e c e n t l y  a p p e a r e d  i n  t h e  s t a t i s  t i c a l  l i t e r a t u r e  
s e v e r a l  m e t h o d s  b a s e d  on  t h e  r a n g e  s u p p l a n t i n g  c l a s s i c a l  a n a l o g s  w h i c h  
r e q u i r e a  f a r  more cumbersome c a l c u l a t i n g  p r o c e d u r e ,  a t  t h e  c o s t  o f  a ( u s u a l l y )  
m o d e r a t e  d e g r e e  o f  e f f i c i e n c y .  F o r  e x a m p l e ,  Lord  [Bioaetrika 3 4 ,  41  (1947)I  
p r o p o s e d  a s u b s t i t u t e  f o r  t h e  S t u d e n t  t t e s t  f o r  e x a m i n i n g  w h e t h e r  t h e  s a m p l e  

came from a no rma l  p o p u l a t i o n  w i t h  mean f ,  which was o f  t h e  form 

where 

x' i s  t h e  sample  mean, 

n i's t h e  sample  s i z e ,  

P, i s  t h e  sample  range ,  and 

d ,  i s  t h e  e x p e c t e d  v a l u e  o f  t h e  r a n g e  i n  r e p e a t e d  s a m p l e s  o f  s i z e  n 
f rom a no rma l  p o p u l a t i o n  w i t h  u n i t  v a r i a n c e .  
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More r e c e n t l y  H a r t l e y  [Biowetrika 3 7 ,  2 4 1  ( 1 9 5 0 ) l  a p p l i e d  t h e  r a n g e  t o  a 
t e s t  o f  homogene i ty  o f  rows or columns  i n  a two-way l a y o u t  i n  t h e  a n a l y s i s  o f  
v a r i a n c e .  . 

\. A s i m i l a r  a t t a c k  p r o v i d e s  a t e s t  for d e c i d i n g  w h e t h e r  t h e r e  e x i s t s  a 
s t r a g g l e r  from some or a l l  o f  a c o l l e c t i o n  o f  row or column means i n  a two-way 

c l a s s i f i c a t i o n .  The  p r o c e d u r e  u s e d  a p p l i e s  t h e  m e t h o d o l o g y  o f  H a r t l e y  and 
P a t n a i k  [Bioaetrika 37, 78 ( 1 9 5 0 ) l  t o  a s t a t i s t i c  for a s i m i l a r  t e s t  whose 
d i s t r i b u t i o n  was o r i g i n a l l y  found by N a i r  [Biometrika 3 5 ,  118 ( 1 9 4 8 ) l .  

Status: 
v a l u e s 9  
s u b m i s s i o n  t o  t h e  Annals of  Mathematical Statistics. 

A d e t a i l e d  p a p e r  d e s c r i b i n g  t h e  t h e o r y ,  p r o v i d i n g  t a b l e s  of c r i t i c a l  

a n d  g i v i n g  e x a m p l e s  i s  b e i n g  p r e p a r e d  a s  a p r o j e c t  r e p o r t  a n d  f o r  

Problem: PUNCHED-CARD PROTOCOL FOR PATHOLOGY AND PHYSIOLOGY SECTION 

Origin: Drs. J. F u r t h  and M. C. Woods, B i o l o g y  D i v i s i o n  

Participating Member of panel: J. Moshman 

Background: I n  v i e w  of t h e  numerous  a n i m a l s  u,sed f o r  b r e e d i n g  p u r p o s e s  and  

v a r i o u s  p h y s i o l o g i c a l  e x p e r i m e n t s ,  i t  was deemed a d v i s a b l e  t o  c o n s i d e r  t h e  
merits  o f  i n s t a l l i n g  a p u n c h e d - c a r d  p r o t o c o l ,  A p r o c e d u r e  was d e v i s e d  f o r  
r e c o r d i n g  t h e  f o l l o w i n g  i n f o r m a t i o n  on a s i n g l e  punch c a r d :  

1. 
2.  
3 ,  
4.  
5. 
6 .  
7 .  
8.  
9 .  

10. 
11. 

I d e n  t i f i c  a t i  on 
S e x  
Age a t  t r e a t m e n t  
T r e a t m e n t  
C a t a r a c t s  
Leukemia 
Tumor s 

O t h e r  d i a g n o s e s  
Age a t  d e a t h  
Cause  o f  d e a t h  
D i s p o s i t i o n  of an imal  

S t a t u s :  

w i t h  t h e  i d e a  o f  removing  w h a t e v e r  d i f f i c u l t i e s  may be r e v e a l e d .  

The  p r o c e d u r e  i s  b e i n g  employed on a CI4 t r a c e r  e x p e r i m e n t  u s i n g  mice 
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. 
Problem (continuation): OPEBATION GBEENHOUSE 

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

Participating members o f  Panel: J. Moshman, J. W. Tukey 

Background: The t e n t a t i v e  a n a l y s i s  h a s  been  b roken  down a s  f o l l o w s :  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

Status: 
c a g e s .  

L e t h a l i t y .  I t  i s  p l a n n e d  t o  f i t  p r o b i t  c u r v e s  t o  t h e  l e t h a l i t y  
d a t a  f o r  t h e  v a r i o u s  gamma s t a t i o n s .  S l o p e s  w i l l  b e  compared  
f o r  z e r o -  and f i r s t - o r d e r  i n t e r a c t i o n s  f o r  t h e  v a r i o u s  v a r i a b l e s .  
I f  t h e  s l o p e s  d i f f e r ,  LD;,’s ,  L D S O 1 s ,  and L D , 5 ’ ~  w i l l  b e  s i m i -  
l a r l y  compared.  

L o n g e v i t y .  S u r v i v a l  t i m e s  w i l l  be compared  when b r o k e n  down 
by t r e a t m e n t ,  a g e ,  w e i g h t ,  and  s e x .  

W e i g h t .  R e p r e s e n t a t i v e  w e i g h t  c u r v e s  w i l l  b e  o b t a i n e d  f o r  
v a r i o u s  d o s a g e s ,  W e i g h t s  w i l l  be  c o m p a r e d  b y  a n a l y s i s  o f  
c o v a r i a n c e  on o r i g i n a l  w e i g h t .  

N e o p l a s i a .  Tumors w i l l  be examined by  t i m e  o f  o n s e t  f o r  g e n e r a l  
i n c i d e n c e  and  s p e c i f i c a l l y  f o r  o c c u r r e n c e  i n  c e r t a i n  d e s i g n a t e d  
p h y s i o l o g i c a l  s y s t e m s .  A t  t h e  v a r i o u s  s t a t i o n s  d i f f e r e n c e s  w i l l  
b e  l o o k e d  f o r  i n  r e l a t i v e  p r o p o r t i o n  o f  m a l i g n a n t  v s .  b e n i g n  
t u m o r s ,  s i z e  o f  n e o p l a s m ;  a n d  r e g r e s s i o n  w i t h  r e s p e c t  t o  a g e ,  
w e i g h t ,  and s e x .  

L e u k e m i a .  G e n e r a l  i n c i d e n c e ,  g r a d e ,  and  t i m e  o n  o n s e t  o f  
l e u k e m i a  w i l l  be examined  i n  r e l a t i o n  t o  t h e  s e v e r a l  v a r i a b l e s  
i n  t h e  s t u d y .  

C a t a r a c t s ,  T h e  g a m m a - s h i e l d e d  a n i m a l s  w i l l  be  e x a m i n e d  f o r  
i n c i d e n c e ,  l o c a t i o n ,  a n d  g r a d e  o f  c a t a r a c t s  a s  w e l l  a s  t h e  
r e l a t i o n  o f  c a t a r a c t s  t o  a g e s  w e i g h t ,  and s e x .  

When a n i m a l s  a r e  r e c e i v e d  t h e y  w i l l  be a s s i g n e d  a t  random t o  p r e p a r e d  
E x c e p t  f o r  t h e  l e t h a l i t y  s t u d y  t h e  a n a l y s i s  w i l l  a w a i t  t h e  d e a t h  o f  

mos t  o f  t h e  s u r v i v o r s .  I n  t h e  i n t e r v e n i n g  p e r i o d  punch c a r d s  w i l l  be p r e p a r e d  
w i t h  t h e  r e q u i r e d  d a t a  e x c l u s i v e  o f  a u t o p s y  f i n d i n g s  and t i m e  o f  d e a t h ,  

Problem: EFFECT OF TIME LAG AFTER IRRADIATION ON CHROMOSOME BREAKS 

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

Participating Member of  Panel: J. Moshman 
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‘Backgronnd: I t  was d e s i r e d  t h a t  c e l l s  b e  examined  a t  v a r i o u s  p e r i o d s  a f t e r  
i r r a d i a t i o n  t o  d e t e r m i n e  t h e i r  h o m o g e n e i t y  w i t h  r e s p e c t  t o  t h e  o b s e r v e d  
number o f  r e s u l t i n g  chromosome f r a g m e n t s  and s i n g l e  and d o u b l e  b r e a k s .  

From t h e  i r r a d i a t e d  c e l l s ,  t h o s e  u n d e r g o i n g  d i v i s i o n  were c h o s e n  f o r  t h e  
s t u d y  i n a s m u c h  a s  t h e  chromosomes  o f  t h e s e  c e l l s  were p u l l e d  t o w a r d  t h e i r  
r e s p e c t i v e  p o l e s  and any  f r a g m e n t s  c o u l d  be c o u n t e d  . r e l a t i v e l y  e a s i l y .  C h r o -  
mosomes were c o u n t e d  i n  t h e s e  c e l l s ,  a n d  t h i s  number  s e r v e d  a s  a b a s e  f o r  
f u r t h e r  c a l c u l a t i o n s .  

The  t ime  p e r i o d s  u n d e r  s t u d y  were 2 2 ,  4 4 ,  1 5 4 ,  198 ,  270 ,  a n d  374 min.  
The i n d i c e s  examined  were :  

1. C e l l s  w i t h  f r a g m e n t s  a s  f r a c t i o n ’ o f  t o t a l  c e l l s  i n  d i v i s i o n .  

2. P r o p o r t i o n  o f  s i n g l e  b r e a k s  among t o t a l  chromosomes c o u n t e d .  

3. P r o p o r t i o n  o f  d o u b l e  b r e a k s  among t o t a l  chromosomes c o u n t e d .  

4.  D i f f e r e n c e  be tween s i n g l e  and d o u b l e  b r e a k  p r o p o r t i o n s .  

5. Sum o f  s i n g l e  and d o u b l e  b r e a k  p r o p o r t i o n s .  

2 
The method o f  a n a l y s i s  c o n s i s t e d  o f  a 1 a n a l y s i s  f o r  homogene i ty  o f  t h e  

p r o p o r t i o n s  i n  e a c h  i n d e x  f o r  t h e  s i x  t i m e  p e r i o d s .  I n  n o n e  o f  t h e  c a s e s  
c o u l d  a l l  s i x  p e r i o d s  be c o n s i d e r e d  random f l u c t u a t i o n s  a b o u t  a s i n g l e  mean 
p r o p o r t i o n .  The  t ime  p e r i o d s  were  t h e n  b r o k e n  down i n t o  s m a l l e r  homogeneous 
g roups .  I t  may be a d d e d  t h a t  t h e  f r e q u e n c y  o f  b r e a k s  i n c r e a s e d  w i t h  t h e  
l e n g t h  o f  t h e  time a f t e r  i r r a d i a t i o n .  

Status: The d a t a  a r e  u n d e r  s t u d y  f o r  t h e i r  b i o l o g i c a l  s i g n i f i c a n c e  i n  v iew of  
c u r r e n t  knowledge.  

Program: AQE I N  8,0,  D,O MIXTURES 

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

Reference: OmL-634 OWL-726 a 

Status: I n a c t i v e .  
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, P r ob lem : QUANTUM MECBANICS INTEGRATI O N S  

O r i g i n :  F .  G. Prohammer, P h y s i c s  D i v i s i o n  

Status: I n a c t i v e .  

P r o b l e m :  ANALYSIS OF ,$-BAY SPECTROSCOPY 

O r i g i n :  P. 8.  B e l l ,  P h y s i c s  D i v i s i o n  

Reference:  Mathematics Pane 1 Quarterly Progress Report f o r  Period Ending 
July 31, 1949 (ORNL-408); for July 31, 1950 (ORNL-818)', and  f o r  January 31, 
1951 (ORNL-979) 8 

status:  I n a c t i v e .  

P r o b l e m :  HEAT TBANSFEB BY A FLUID FLOWING TURBULENTLY I N  A CYLINDBICAL TUBE 

O r i g i n :  D r s .  R e  V. B a i l e y ,  H a  F.  P o p p e n d i e k ,  R e a c t o r  Techno logy  D i v i s i o n  

B e f e r e n e e b  Mathematics Panel Quarterly Progress Report for Period Ending 

JuEy 31, 1950 (ORNL-818); and fo r  October 31, 1950 (ORNL-888). 

Status: I n a c t i v e a  

P r  ob 1 em: CRYSTAL ANALYSIS 

Or ig in :  D r .  H e  Levy ,  C h e m i s t r y  D i v i s i o 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  

Status: P e n d i n g .  

P rob l e @ :  DIPFUS I O N  LENGTH 

O r i g i n :  Dr.  R .  H. R i t c h i e ,  H e a l t h P h y s i c s D i v i s i o n ;  E .  D. Klema,  P h y s i c s  D i v i s i o n  

Status: P e n d i n g ,  
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