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SUMMARY

T h e r e  we r e  two t e r a i u t i o a a  f r o a  
t h e  M a t h e a a t i c a  P a n e l  d u r i n g  t h e  
q u a r t e r :  K. P.  Grew and C. L.  P e r r y ;
t he  l a t t e r  l e f t  t o  o r g a n a t e  a comput i ng  
group a t  t h e  U. S.  Naval  P o a t g r a d u a t e  
S c h o o l ,  Monterey. ,  C a l i f o r n i a .

J .  Z .  H e a r o n ,  f o r m e r l y  o f  t h a  
D e p a r t m e n t  o f  P h y s i o l o g y ,  U n i v a r a i t y  
o f  C h i c a g o ,  and a c o n a u l t a n t  f o r  t h e  
M a t h e a a t i c a  P a n e l ,  h a a  j o i n e d  t h e  
P a n e l  a a  a r e g u l a r  e m p l o y e e .  Ha 
h o l d a  a P h . D .  i n  b i o c h a a i a t r y  f r o a  
t h e  U n i v a r a i t y  o f  Mi ch i gan  and one in 
a a t h e a a t i c a l  b i o l ogy  f r oa  t ha  U n i v a r a i t y  
»j f Ch i c a g o .

The NEPA L i n e a r  Eq u a t i o n  S o l v a r  i a  
i n  o p e r a t i o n  and  i n  b e i n g  u s e d  f o r  
a v a r i e t y  o f  p r o b l e a a :  m a t r i x  i n 
v e r s i o n .  o r d i n a r y  l i n e a r  d i f f a r e n t i a l  
e q u a t i o n a ,  and e i g e n v a l u e s .  S o a a  o f  
t h e s e  a r e  d e s c r i b e d  i n  t h i s  r e p o r t .

The i n d i v i d u a l  a e a o r y  u n i t s  o f  t he  
ORACLE h av e  been t e s t e d  and as sembl ed ,  
a n d  t h e  a e a o r y  and  t h e  a r i t h a e t i c  
u n i t  a r e  b e i n g  j o i n e d  t o g e t h e r .  I t  
i a  h o p e d  t h a t  t e a t  p r o b l e m s  can be 
s t a r t e d  w i t h i n  t h e  n e x t  month  o r  so.

A a e r i e s  o f  t en  l e c t u r e s  on program* 
a i n g  f o r  t h e  ORACLE was g i v e n  a t  OHNL 
d u r i n g  t h e  two weeks b e g i n n i n g  J a n u a r y  
1 2 .  S p e a k e r a  and t o p i c s  w e r e  aa  
fo l l ows :

W. C.  S a n g r e n ,  A u t o m a t i c  D i g i t a l  
Computat ion , J a n u a r y  12.

C.  L.  P e r r y ,  E l e c t r o n i c  D i g i t a l  
Computers , J a n u a r y  13.

C.  L.  P e r r y ,  L o g i c a l  S t r u c t u r e  of  
tha ORACLE, J a n u a r y  14.

A. S.  H o u s e h o l d e r ,  O p e r a t i o n s  and 
A r i t h m e t i c  o f  the ORACLE, J a n u a r y  IS 
and 16.

J . M o a h a a n ,  f l ow Charts  and Program- 
a i n g ,  J a n u a r y  19 and 20.

N.  M. D i s m u k e ,  An E x a m p l e  o f  a 
Complete Rou t i ne , J a n u a r y  21.

M. R. A r n e t t e ,  Use and C o n s t r u c t i o n  
o f  S u b r o u t i n e s , J a n u a r y  22.

C.  L.  P e r r y ,  I n t e r p r e t i v e  S u b 
r o u t i n e s , J a n u a r y  23.

Each l e c t u r e  was f o l l o we d  by a s h o r t  
q u e s t i o n  p e r i o d ,  and a s p e c i a l  s e s s i o n  
f o r  q u e s t i o n s  was b a l d  on S a t u r d a y ,  

J a n u a r y  24.  A s e t  o f  p r a c t i c e  p r o b l e a a  
p r e p a r e d  by 1 .  A. Ru t l e d g e  was d i s t r i 
buted.  A t t a a d a a c e  a t  t he  l e c t u r e s  was 
b e t we en  70 and  80 ,  n o t  c o u n t i n g  t h e  
M a t h e a a t i c a  P a n e l .  The l e c t u r e s  a r e  
t o  b e  w r i t t e n  up and  d i s t r i b u t e d  aa  
t he  f i r s t  p a r t  o f  a aanua l  on program* 
a i n g  and c o d i n g  for  t he  ORACLE.

Me a b e r a  o f  t h e  M a t h e a a t i c a  P a n e l  
p r a a e n t e d  t h a  f o l l o w i n g  l e c t u r e s  on 
t he  T r a v e l i n g  Lec t ug j  P r o g r a a :

A. 1 .  K i m b a l l , A p p l i e d  S t a t i s t i c s  
i n  B i o l o g i c a l  Research, S t .  A u g u s t i n e  
C o l l e g e ,  R a l e i g h ,  N o r t h  C a r o l i n a ,  
N o v e m b e r  6 ,  19S2;  An A n o m a l y  i n  a 
C o n f i d e n c e - I n t e r v a l  For mul a  i i d e l y  
Used in  Normal  L i n e a r  R e g r e s s i o n s ,  
Nor t h  C a r o l i n a  S t a t e  C o l l e g e ,  Noveaber  
7 ,  19S2; Some S t a t i s t i c a l  Probl eaa  in 
Radiobio  l ogy ,  Camp D e t r i c k ,  M a r y l a n d ,  
J a n u a r y  29,  19S3.

A. S.  H o u s e h o l d e r ,  L o g i c a l  D e s i g n  
o f  on A u f o a a t i c  D i g i t a l  C o m p u t e r , 
U n i v e r s i t y  o f  Nor t h  C a r o l i n a ,  Noveaber  
26,  19S2; Preparat ions  o f  Problems for  
an A u t o m a t i c  D i g i t a l  Compu t e r , Un i *  
v e r a i t y  o f  T e n n e s s e e ,  K n o x v i l l e ,  
T e n n e s s e e ,  J a n u a r y  12, 19S3.

C.  L.  P e r r y  p r e s e n t e d  a l e c t u r e  
e n t i t l e d  The ORNL S p e c i a l - P u r p o s e  
Computer,  a t  t h e  Ma t h e a a t i c a  Col  l o q u i u n ,  
U n i v e r s i t y  o f  Te n n e a a e e ,  D e c e a b e r  3,  
1952.

The  f o l l o w i n g  r e p o r t  was  i s s u e d :  
J .  Moahman,  C r i t i c a l  V a l u e s  o f  t he  
Log-Normal  D i s t r i b u t i o n ,  ORNL-1427.

Dr.  H. L.  Lucas ,  a M a t h e a a t i c a  Pane l  
c o n a u l t a n t  f r o a  t h e  I n s t i t u t e  o f  
S t a t i s t i c s  a t  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 ,  s p e n t  t h e  week o f  December  8 
a t  ORNL d i s c u s s i n g  p r o b l e a a  w i t h  
n e a b e r s  o f  t h e  B i o l o g y  D i v i s i o n  and 
t h e  UT-AEC A g r i c u l t u r a l  R e s e a r c h  
Program.
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■ITMOK I f  COMPUTATION MR IIIK ■ITU A 
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P i r l l « l » i l l M  N O i r t  I f  P m l ,
• a l l a c e  (livens, V. C. Car loch.

k i f s r c i c M .  K a l A d i l i d  P a n e l  
Q u a r te r l y  P r a g m a  H t p o r la,  Ot iNl -1232. 
•1290, *1360, *1435.

P r o b lu  l .  N m r i c i l  C u i i t i i l o  
•  r e b i r i i U r l i l l c  Vi I i m  t i l  C h in e *  
t e r t a t l c  Vectors.

B e a u l t a .  T h e  g e n e r a l  m e t h o d  
proposed f o r  t h e  c o m p u ta t i o n  o f  t h e  
C h i r a c  t o r i  a t i c  v a l a o a  o f  n r o i l ,  
s ym m et r i c  m a t r i x  o f  l a r g e  o r d e r  heo 
keen r e p o r t 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 ts  end w i l l  appear e i t h  the t i t l e  
"S imul taneous L i n e a r  Equat ions and the  
D e t e r m i n a t i o n  o f  E i g e n v a lu e s "  i n  t h e  
NBS A pp l ied  Mathemat ics S e r ie s ,  No. 29. 
A com p le te ly  d e t a i l e d  a n a l y s i s  o f  t he  
method has noe  been c a r r i e d  t h r o u g h ,  
end i t s  s t a b i l i t y  i n  g u a r a n t e e d  by 
f i n d i n g  nn u p p e r  bound f o r  t h e  e r r o r  
i n  any one c h a r a c t e r i a t i c  v a l u e ,  aa 
e e l l  aa f o r  the sum o f  squares o f  t h e  
e r r o r s  made i n  c a l c u l a t i n g  a l l  n 
v a l u e s .  N u m e r i c a l  r e s u l t s  e r e  t oo  
c o m p le x  t o  sum m a r is e  r e a d i l y ,  b u t  
they are  e u f f i c i e n t l y  f a v o r a b l e  t h a t  
the p r a c t i c a l  l i m i t a t i o n  on the  o r d e r  
o f  the n e t r i x  t h a t  can be t r e a t e d  i a  
not  the p o a a i t i 1i t y  o f  the accumu la t ion  
o f  r o u n d - o f f  e r r o r  but  i a  the memory 
c a p a c i t y  and  s p e e d  o f  c u r r e n t l y  
a v a i l a b l e  comput ing machines.

The proposed computat ion f a l l s  i n t o  
two q u i t e  d i s t i n c t  p a r t s .  I n  t h e  
f i r s t  o f  t h e m e ,  a sequen ce  o f  1 / 2  
( ( n  -  1 ) ( n -  2 ) }  r o t a t i o n s  i n  t h e  
c o o r d i n a t e  p l a n e s  i } i | ,  i , « 4 ..............

i ' A i  o f  t h e  g i v e n  m a t r i x  A ( mi th  
d i g i t a l  e l e m e n t !  and norm s l i g h t l y  
l e s s  than one )  i a  c a r r i e d  i n t o  x * S x ,  
e i t h  S’* ( F t f ) and • 0 f o r  | » -  j  \ > 1. 
A f t e r  t h i n  f i r s t  s t a g e  o f  " c o n c e n 
t r a t i n g  t h e d a t a , "  the c h a r a c t e r i s t i c  
v a lu e s  o f  S can be found by any one

o f  s e v e r a l  m e thods .  The p a r t i c u l a r  
oae deve lop ed  im f u l l  d e t a i l  i a  t he  
p reaea t  s tudy  amounts to  d e t e r m i n i n g  
the a tgae tu ra  o f  §  -  £1,*  fo r  s u i t a b l e  
va lues o f  «T, by c a l c u l a t i n g  the s ig n s  
o f  the m i n o r a  formed from the f i r s t  
I roes sad columns ( i  •  I ,  2, . . . .  n ) .  
Fo r  the s p e c i a l  form o f  •> -  £Tla , t h i s  
r e q u i r e s  o n l y  n i t e r a t i o n a  o f  a two-  
term rec u rs ion  formula f o r  each cho ice 
o f  >T. The second stage o f  the c a l c u 
l a t i o n  i a  e a s i l y  adapted Tor o b t a i n i n g  
o n l y  s e l e c t e d  ( a n y  the  l a r g e s t  and 
a n a l l e a t )  c h a r a c t e r i a t i c v a l u e s  i a a tead  
o f  a l l  o f  them.

A m a jo r  pu rpose  o f  t h i a  s tu d y  ess 
to develop means f o r  o b t a in in g  e f f i c i e n t  
bounds f o r  the  e f f e c t  o f  accumulated 
r o u n d - o f f  e r r o r .  I n  the f i r s t  -  and 
much the  more comp lex  -  p a r t  o f  t he  
computa t i on ,  i t  eaa s u f f i c i e n t  to use 
r o u t i n e  e x t e n s i o n s  o f  me thod !  i n t r o 
duced by von Neumann and G o l d a t i n e .  
In  the second s tage ,  i t  eaa necessary  
to use a d i f f e r e n t  technique because a 
f u n c t i o n  o f  £7, t h e  s i g n a t u r e  o f  
^  -  JTlt , eaa b e i n g  c a l c u l a t e d  t h a t  
assumed o n l y  i n t e g r a l  v a l u e s ,  and 
t h e  e r r o r  e a a  t h e r e f o r e  a l s o  an 
i n t e g e r .  H e r e  i t  p r o v e d  u s e f u l  t o  
i n v e r t  t h e  e r r o r  e s t i m a t i o n s  by 
demanding t h a t  t h e  c a l c u l a t e d  v a lu e s  
be t h e  e x a c t  a n n e e r s  ( w h o l l y  u n -  
con taminated by r o u n d - o f f )  c a l c u l a t e d  
fo r  a prob len  e i t h  data nunbera "nea r "  
those o f  the a c t u a l l y  g iven  p rob lem .  
T h is  dev ice  can be regarded as reduc ing  
the  no ise  l e v e l  o f  the  com pu ta t i on  to 
x e r o  by r e p l a c i n g  i t  by a s u i t a b l e  
i n c r e a s e  i n  t h e  n o i s e  l e v e l  o f  t he  
i n p u t .  T h i a  t e c h n i q u e  p r o v e d  t h e  
s t a b i l i t y  o f  t h e  c o m p u ta t i o n  o f  t he  
s i g n a t u r e  o f  5  -  j i \ m, g u a r a n t e e d  a 
a a t i a f a c t o r i 1y s m a l l  bound f o r  t he  
e r r o r  i n  any c h a r a c t e r i s t i c  v a l u e ,  
and proved t h i a  bound to  be independent  
o f  the o rde r  o f  the m a t r i x .  A l i m i t e d  
t ype  o f  f l o a t i n g - p o i n t  o p e r a t i o n  i s  
i n d i c a t e d ,  b u t  m u l t i p l e  p r e c i s i o n  i a  
nowhere r e q u i r e d .
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S t a t e s .  A L a b o r a t o r y  r e p o r t  
d e t a i l i n g  tba r e s u l t s  o b t a in e d  should 
appear  dw r isg  iba n e x t  q u a r t e r .  Flow 
d iagrams and rodea f o r  t ba  ORACLE ara 
b e i n g  p r e p a r e d .  I t  i n  p l a n n e d  to  
c o n l i n u t  tba  atudy to  o b t a i n  s i m i l a r  
r a a u l t a  f o r  tbe c b n r n c t o r i a t i c  vec to rs .

Prob len  I .  Roots o f  0 P o lynoa ta l .
R te tu s .  TKt a i n n  n e w ly  e s t a b l i s h *  

ed p r o b l e n .  T e c h n iq u e s  developed in  
• o r b  on p rob lem  3 a*tea l i k e l y  t o  b« 
u s e f u l  i n  d a v i a i n g  s t a b l e  o o t b o d a  
f o r  c o s p u t i n g  t h e  r e a l  r o o t s  o f  a 
p o l y n o o i a l  I r o n  a s u i t a b l y  d e l i m i t e d  
c 1 as a o f  p o l y n o m a l a  w i t h  r a i l  c o e f -  
f i c i o n t a .  I t  l a  p r o p o s e d  t o  a tudy  
known oethods v i t b  a v iew to  a d a p t in g  
then to high-speed co n p u t in g .

CONSTRUCTION OP SUBROUTINES POR THE 
ORACLE

P i r t t c l p e t l a g  l a a b a r a  o f  P n n s l ,
M. R. A r n e t t s ,  H. B. G o e r t i s l ,  C. L. 
P a r r y ,

R a f s r s t c s s .  Ns t h e s e ( i c • P a n e l  
Q u a r t e r l y  Progress Repor t  a, (KN 1.- 1232, 
-1290,  -1360, -1435.

Background and S ta tu e .  A convenien t  
■ e t h o d  f o r  p r o g r a s s i n g  s h o r t  c a l c u 
l a t i o n s  t o r  the ORACLEhas been designed 
a n d  c o d e d .  The  m e t h o d  i n c l u d e s  
c o n v e r s i o n  f r om  d e c i m a l  t o  b i n a r y  
n u u b e r s  the  n u a b e r s  and o r d e r s  ( a d 
d r e s s e s )  r e q u i r e d  by the com pu la t i on ,  
a n d  t h e  c o n v e r s i o n  o f  t h e  f i n a l  
r e s u l t s  f ros  b in a r y  t o  ds c in a l  numbers. 
T h i s  p a r t  o f  t h e  sys tem ( t h e  system 
h a s  been n i c k n a m e d  t h e  " b o n e h e e d "  
r o u t i n e )  i s  c a l l e d  t h e  c o n v e r s i o n  
r o u t i n e .  The c o n v e r s i o n  r o u t i n e  
a l s o  e u t o a e t i c a l 1y p e r f o r m s  some o f  
t h e  c o d i n g  d e t a i l s .  F o r  e x am p le ,  
p r o v i s i o n  i s  made t o  e u t o m a t i c s l l y  
a d j u s t  a s u b ro u t in e  ao t h a t  i t  can be 
p la c e d  i n  an a r b i t r a r y  p o s i t i o n  in  the 
memory w i t h o u t  p r e v i o u s  ad jus tm en t  by 
the  programmer. Each address  in  the  
s u b r o u t i n e  t h a t  depends on the  p o s i t i o n  
o f  the  s u b r o u t i n e  i n  t h e  memory i s  
i d e n t i f i e d  by an e x t r a  s e x a d e c im a l  
d i g i t .  T h i s  d i g i t  i s  used  by t h e  
c o n v e r s i o n  r o u t i n e  t o  a d j u s t  t h e

a d d r e s s .  The o t h e r  p a r t  o f  t h e  
"bonahead"  system i s  a f l o a t i n g - p o i n t  
m t e r p r a t i v a  r o u t i n e .  The i n t e r p r e t i v e  
r o u t i n e  a u t o m a t i c a l l y  p e r f o r m s  b in a ry  
f l o a t i n g - p o i n t  a r i t h m e t i c  o p e r a t i o n s  
by u s i n g  a th ree -add ress  coda.

The "boa a h e a d "  s y s t e m  o c c u p i e s  
abou t  200 o f  the 1034 memory c a l l s  in  
t h e  ORACLE.  The f l o a t i n g - p o i n t  
c a l c u l a t i o n s  r a q u i r a  a b o u t  3 m a te  
p a r  t h r e e  a d d r e s s  o p e r a t i o n s .  F o r  
c o m p a r i s o n ,  t he  IH M - c a r d  programmed 
c a l c u l a t o r  t a k a s  abou t  0 . 3  aac f o r  a 

i m i l a r  ope ra t ion .
Tba e i g h t  a r i t h m e t i c  o p e r a t i o n s  

er formed  by "bonehead" a r e  4 1 B • C, 
4 | *  B •  C, | 4 | 1 | f l l  -  C, 4 ♦ B •  C,

4 • B •  C, s h a r e  4 ♦ b •  C, f o r  
o x e a p l e ,  i s  t he  mnemonic symbol  f o r  
t h e  o p e r a t i o n  " a d d  t h e  num ber  i n  
memory c e l l  4# ( 4 )  t o  t h e  number  i n  
memory c e l l  BIB)  and p l a c e  the r e s u l t  
i n  memory c e l l  J f ( C ) , "  and Jf(4) i s  the 
symbol f o r  the  addreas o f  memory c a l l  
c o n t a i n i n g  4, tha t  i a ,  the d e s ig n a t io n  
o f  the p lace  to o b ta in  4.

Four o the r  o p e r a t i o n s  o f  a l o g i c a l  
n a t u r e  ( t h a t  i a ,  c o n c e r n e d  a i  tb  the 
s e q u e n c i n g  o f  o p e r a t i o n s )  a r a  a l s o  
a u t o m a t i c a l l y  per formed by "bonehtad.  " 
They a re :  an u n c o n d i t i o n a l  t r a n s f e r
o p e r a t i o n ,  a c o n d i t i o n a l  t r a n s f e r  
o p e r a t i o n ,  a a u b r o u t i n e  o p e r a t i o n ,  
and a'  t r a n s f e r  t o  normal  ORACLE program 
o p e r a t i o n .

Each d i s t i n c t  o p e r a t i o n  (12 in  a l l )  
i a  s p e c i f i e d  by a sexadecimal  cha rac te r  
1, 2 ,  . . . .  9 ,  4, B, C. O f  t he  r e 
m a i n i n g  fo u r  a e x a d e c in a l  c h a r a c t e r s ,  
O and F are used to  i n d i c a t e  the sign 
o f  a number,  and D and C a r e  used i n  
the  convers ion r o u t i n e .

The code f o r  numbers ( n o t  conver ted)  
i a  s i m i l a r  to  t h a t  c a l l e d  s c i e n t i f i c  
n o t a t i o n .  For  e i a n p l e ,  * 0 . 9 3 7  * 104 
i a  coded f o r  " b o n i h e a d ”  as 0 / 9 3 7 / 0 / 4  
end - 0 .3 7  * 10*1 i s  coded aa F /37 /F /2 .  
The symbol / i s  used to  i n d i c a t e  the 
d i v i s i o n  o f  i n f o r m a t i o n .  N in e ,  o r  
f e w e r ,  s i g n i f i c a n t  d i g i t *  can be 
i n d i c a t e d .  The exponent  must be leas  
than 137 and g r e a t e r  than -157 .

% 0 3  - C 3
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TI« c o d « for  o p i r a t i o a i  i t  s i m i l a r  
t o  t h n  a l g e b r a i c  a y o b o l  f o r  t h a  
o p a r a t i o a .  For  e x a m p l e ,  t h o  c o d a  
1/142/732/S21 i a  tka coda for  A ♦ B - C ,  
vkara 1 i a d i c a t a a t h a  a d d i t i on  o p e r a t i o n  
A ♦ B • C a nd  A, B, and C a r t  t h a  
numbers i a  memory cal  l a  142, 732,  and 
521,  r e s p e c t i v e l y .

Tha c oda  f o r  “ bonehead"  i s  b e i n g  
r avi aod to p r ov i de  for more f l e x i b i l i t y  
i a  programming f o r  saiall c a l c u l a t i o n s  
( t h a t  i a ,  c a l c u l a t i o n a  which i n v o l v e  
10* o r  fewer "bonehead" o p a r a t i o n a ) . .

TIBf sMTINKI FBI TMK 0IACLE
P a r t i c i p a t i n g  l a n h a r a  o f  P a n e l .

A. S. Householder ,  C. L. Pe r r y .
I n f e r e n c e .  M a t h e m a t i c s  P a n e l  

Quar t e r l y  Progre ta  Report ,  OHNL-1435.
Background and S t a t e n .  The t e s t  

prograa ia  m e n t i o n e d  in  t h e  r e f e r e n c e  
h a v e  b e a n  c o d e d  i n  t h e  a t a n d a r d ,  
sexadecimal  coda for  tha ORACLE. I t  i s  
e x p e c t e d  t h a t  t h e s e  r o u t i n e s  w i l l  be 
uaed i n  t e s t i n g  the  ORACLE d u r i n g  t ha  
ne x t  q u a r t e r .

PB0GIK88 OP SUBROUTINE LIBRARY
P a r t i c i p a t i n g  gaebara  o f  P a n e l .

M. R. A r n e t t e ,  V. A. Rut ledge.
l e f a r t a c a a .  M a t h e m a t i c s  Pa n e l  

Quar t er l y  Progre ta  Repor t i ,  ORNL- 12 32, 
•1290,  -1435.

Bachgroand and S t a t aa .  Most  o f  the 
s u b r o u t i n e s  t h a t  were r e f e r r e d  to 
i n  ORNL*1435 as b e i n g  c o a p l e t e d  i n  
nnemonic code have been checked again 
and a r e  now i n  s e x a d e c i m a l  c o d e ;  
t h a t  i a ,  t hey a r e  ready f o r  t a p e s  to 
be  made .  T e s t s  f o r  c h e c k i n g  t h e s e  
s u b r o u t i n e s  a r e  be i ng  w r i t t e n .  The 
n e w e s t  s u b r o u t i n e  i a  t h e  " b o n e h e s d  
r o u t i n e  No.  1 , "  which i a  d i a c u a s e d  as 
a s e p a r a t e  p r o j e c t  t h i s  q u a r t e r  
( c f .  , " Cons t r uc t i on  o f  S u b r o u t i n e s  for  
t he  ORACLE"). A p r e p a r a t o r y  r o u t i n e  
f o r  a s s e m b l i n g  s u b r o u t i n e s  i s  b e i n g  
w r i t t e n ,  b u t  i t  i a  n o t  y e t  i n  f i n a l  
nnemonic form.

V. A. Rut l edge  spen t  approx i mat e l y  
two weeks r e w r i t i n g  t he  " E l e m e n t s r y  
Coding Problems"  t h a t  were d i s t r i b u t e d

d u r i n g  t h e  ORACLE c o u r s e  t h a t  j u s t  
e n d e d .  T h e s e  e x e r c i s e s ,  w i t h  t h e  
answers ,  i l l u s t r a t e  t he  need  end u s e  
o f  v a r i o u s  s t a n d a r d  a n d  s p e c i a l  
t e c h n i q u e s  u a e d  i n  p r o g r a m m i n g  a 
problea  f o r  t h e  ORACLE.

The c h a n g e s  t h a t  were made l a s t  
q u a r t e r  i n  two a u b r o u t i a e a  ( o n e  u a e a  
p r e c i s i o n  s c a l i n g  and t he  o t h e r  u a e a  
t r a n s i e n t  s c a l i n g )  f o r  g e t t i n g  t h e  
p r o d u c t  o f  two m a t r i c e s  were checked  
by V. A. R u t l e d g e  d u r i n g  h i s  v i s i t .  
These a r e  ready to be  put  i n t o  machine 
c o d e .  T h e  s u b r o u t i n e  t h a t  u a e a  
f i x e d - p o i n t  a r i t h m e t i c  f o r  g e t t i n g  the  
i n v e r s e  o f  a m a t r i x  i a  s t i l l  i n  t h e  
f l ow- cha r t  form.

I t  i s  e x p e c t e d  t h a t  t h e  s t a n d a r d  
s ub r ou t i nea  ( squa r e  root ,  s i ne ,  c o s i n e ,  
l o g a r i t h m ,  e x p o n e n t i a l ,  c o n v e r s i o n ,  
e t c . )  w i l l  be  n a c h i n e  t e s t e d  a s  soon 
a s  t h e  ORACLE has  p s s a e d  i t s  t e s t  
p r o g r a m s  and t i n e  i a  a v a i l a b l e  f o r  
t e s t i n g  and running o f  p r ob l e a a .

BASIC STUDIES IN TIE I0NTE CARLO RETROD
P a r t i c i p a t i n g  Raaber o f  Pam al.

G. E. Al be r t .
I n f e r e n c e s .  M a t h e m a t i c s  P a n e l  

Qu a r t e r l y  Pr ogr e t a  Repor ta ,  OFNL-1232 
and .1360.

Bachgroand and B t a t n a .  The b a c k 
ground o f  t h i s  p r o j e c t  i s  g i v e n  in  
the  r e f e r e n c e s .  A c onp l e t e  d r a f t  haa  
been p r e p a r e d  and i s  b e i n g  t yp e d  f o r  
an ORNL r e p o r t  e n t i t l e d  A G e n e r a l  
Theory o f  S t o c h a t t i c  Et t xmatee  o f  the  
Neumann S e r x e t  for'  t he  S o l u t i o n s  o f  
Ce r t a i n  Fredholu  Equat ions  and Re l a t e d  
S e r i e s .  I t  i s  hoped t h a t  t h i s  r e p o r t  
wi l l  be i s s u e d  dur ing the n e x t  q u a r t e r .

The r e p o r t  c o n t a i n a  a c o m p l e t e  
r e v i s i o n  and g e n e r a l i s a t i o n  o f  t h e  
m a t e r i a l  t o  b e  found  i n  t h e  t h r e e  
memor andums  f rom G. E. A l b e r t  to 
A. S.  Ho u s e h o l d e r  e n t i t l e d  A General  
Approach to the Monte Carlo E s t i m a t i o n  
of  the  S o l u t i o n s  o f  C e r t a i n  F r e d h o l u  
I n t e g r a l  E q u a t i o n i , P a r t s  I ,  I I  and 
I I I .  In a d d i t i o n ,  t he  r e p o r t  c o n t a i na  
c e r t a i n  new m a t e r i a l  t h a t  i a  d e s c r i b e d  
h e r e .  T h e  memorandums j u s t  c i t e d
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c o n t a i n e d  an e x p o s i t o r y  d e s c r i p t i o n  
o f  c a r t a i n  s t o c h a s t i c  aethods  f o r  t he  
• s t i a a t i o n o f  ths  v a lu e  o f  the s o l u t i o n  
o f  s Fredholm i n t e g r a l ,  equa t io n  a t  a 
s i n g l e  p o i n t  o f  i t s  range.  In  l a r g e  
p a r t  t h e  s u b j e c t  n a t t e r  o f  t h e s e  
neno randuna eaa a l r e a d y  w e l l  known, 
and sons o f  i t  had  been p u b l i s h e d .  
Two element* o f  n o v e l t y  were p r e s e n t ,  
however, in  these nenoranduna. F i r s t ,  
t h e  d e s c r i p t i o n s  w e re  p h r a a e d  i n  
a a t h e a a t i c a l  language ,  baaed upon t h e  
research o f  J .  L.  Doob on a t o c h a a t i c  
processes,  i n s t e a d  o f  i n  the p h y s i c a l  
language used i n  n o a t  o f  the p u b l i s h e d  
papers on the  s u b j e c t .  Second, t h e  
s t a t i s t i c a l  ae th od  known as rep re s e n ta 
t i v e  sampl ing from a s t r a t i f i e d  process 
was i n t r o d u c e d  and  e x p l o i t e d  t o  a 
c e r t a in  degree i n  an at tempt to  d e f i n e  
a t o c h a a t i c  n e t h o d a  f o r  t h e  c u r r e n t  
p r o b l e n ,  which b a l a n c e d  s t a t i s t i c a l  
e f f i c i e n c y  a g a i n s t  machine programming 
e f f i c i e n c y .

The r e p o r t  goes nuch f u r t h e r  i n t o  
t h e  n o v e l  a s p e c t s  o f  t h e  p r o b l e m  
than do the memorandums. Chapter  1 i a  
i n t r o d u c t o r y .  C h a p t e r  2 c o n t a i n s  a 
d e t a i l e d  d i s c u s s i o n  o f  the s p e c i a l i 
s a t i o n  o f  Doob* a r e s u l t s  f o r  t h e  
c u r r e n t  p r o b l e n  and a g e n e r a l i s e d  
t r e a t n e n t  o f  t h e  s t r a t i f i c a t i o n  o f  
s t o c h a s t i c  processes  hav ingan i n t e g r a l 
valued pa ram ete r . Complete d e s c r i p t i o n s  
are given f o r  r a t h e r  e labo ra te  s pec ia l  
p r o c e s s e s  t h a t  nay  be o f  use i n  t h e  
e s t i m a t i o n  o f  s o l u t i o n s  o f  i n t e g r a l  
e q u a t i o n s  on h i g h - s p e e d  m a c h i n e r y .  
Chapter  3 rev iew s  the m a t e r i a l ,  g iven  
i n  the nenoranduna,  on the e s t i m a t i o n  
o f  the s o l u t i o n  o f  an i n t e g r a l  equa t ion  
a t  a s i n g l e  p o i n t .  The f o u r t h ,  and 
f i n a l ,  c h a p t e r  d i s c u s s e s  the p rob lea i  
o f  e s t i n a t i n g  t h e  c om p le te  s o l u t i o n  
o f  t he  i n t e g r a l  e q u a t i o n ,  n o t  j u s t  
i  t a  v a l u e  a t  one p o i n t .  The method 
o f  t h i a  c h a p t e r  i a  b a a e d  on t h e  
i n t r o d u c t i o n  o f  an i n t e r p o l a t i n g  
o p e r a t o r  p e c u l i a r  to  the p a r t i c u l a r  
i n t e g r a l  equat ion under c o n s id e r a t i o n .  
I n t e r p o l a t i o n  i s  p e r f o r m e d  on t h e  
b a s i s  o f  a f i n i t e  number o f  s i n g l e 
p o i n t  e s t im a t e s .  I t  i s  shown t h a t  in

a on* caaea the o p e r a t o r  w i l l  a lao be a 
a a o o t h i n g  o p e r a t o r .  C a r e f u l  c o n 
s i d e r a t i o n  o f  t h i a  o p e r a t o r  i n d i c a t e s  
t h a t  the e s t i n a t i n g  proceas should n o t  
be designed f o r  e f f i c i e n c y  i n  e a t i n a t i n g  
t h e  s o l u t i o n  o f  t h e  g i v e n  i n t e g r a l  
equa t io n ,  b u t ,  r a t h e r ,  f o r  e f f i c i e n c y  
i n  connec t io n  w i t h  a c e r t a i n  r e l a t e d  
i n t e g r a l  equa t i on .  Whether or  n o t  the 
i n t e r p o l a t i o n  o p e r a t o r  propoaed i a  the 
b e s t  p o s s i b l e  i n  any  s e n s e  i s  an 
unsolved p rob len .

GENERATION OP "RANDOR" DIQ1T8 ON TIC  
UNIVAC

P a r t ic ip a t in g  le n b e rs  o f P a n e l.
J .  Moahaan, S. E. E t s e l l ,  P. J.  Brown.

R e f e r e n c e .  Ma t h e a a t i e  t  P a n e l  
Q u a r t e r l y  P r o g r e a t  R e p o r t ,  ORNL-1435.

Background and S ta tu e . The d i g i t s  
generated on the  UNI VAC, as desc r ibed  
i n  t he  r e f e r e n c e ,  p r o v e d  to  s a t i s f y  
the customary t e s t a  o f  randoaness w i th  
c e r t a i n  r e s e r v a t i o n s .  The l a s t  f i v e  
d i g i t s o f t h e  11 d i g i t  nuaber  generated 
showed d e f i n i t e  c y c l i c  f a c t o r s .  The 
o t h e r  d i g i t s  were  s u b j e c t e d  to  t h e  
usua l  t e s t a  o f  d i g i t a l  f r equency  and 
the  f requency o f  d i g i t s  o c c u r r i n g  i n  
p a i r s  and t r i p l e t s .  The r e s u l t s  f o r  
t h e  1 0 , 0 0 0  n u m b e r s  g e n e r a t e d  a r e  
d isp layed  in  Tab le  1.

P r o b a b i l i t y  l e v e l s  were examined 
based on n in e  de g re e s  o f  freedom f o r  
the d i g i t a l  f r equency  and ten degrees 
o f  freedom f o r  t he  o t h e r  two c om pa r i 
sons. The r e s u l t s  ag ree  f a i r l y  w e l l  
w i t h  e x p e c t a t i o n s .  The v a l u e  o f

TABLE I .  VALUES OF X *  FOR VARIOUS 
TESTS OF RAN00INES8

DIGITAL
POSITION

FRF QUINCY PAIRS 1R1PLETS

F ir s t 9 .7 3 7.90 8 .46

Second 13.12 13. S7 S. 89

T h ird 8 .8 0 9.08 8.10

Fourth 3 .31 12.39 8 .06

F i f th 2.3S IS . 30 S.06

S ix th 0 .0 0 9.78 4. SB
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)[* • 0 f o r  t h a  d i g i t a l  f r e q u e n c y  in 
t h e  s i x t h  p o s i t i o n  a p p e a r s  t o  be 
f o r t u i t o u s ,  i n s s a u c h  a s  no subgroup 
o f  2000 nuabers  shoved e x a c t  agreeaer  t ,  
even though a l l  10,000 n u a b e r s  t o t a l l e d  
t o  g i v e  p r e c i s e l y  10% f r e q u e n c y  to 
each d i g i t .

Fur  the more ,  the f i r s t  t h r e e  d i g i t a l  
p o s i t i o n s  were examined v i  th r ega r d  
t o  t h e  frequency o f  nondes cend i ng  and 
n o n a a c e n d i n g  s e q u e n c e s  o f  v a r y i n g  
l e n g t h s .  These w i l l  be  t e r a e d  runs  
up and down, r e s p e c t i v e l y .  In each 
c a s e  X* vascomputed and i t s  p r o b a b i l i t y  
l e v e l  a s s e s s e d .  The s e  v a l u e a  o f  
appear  i n  Table  2.

With s i x  d e g r e e s  o f  f reedom,  a l l  
v a l u e s  f a l l  v i t h i n  t h e  p r o b a b i l i t y  
l e v e l s  0 .05 to 0 . 95 .

T h i s  p r o c e d u r e  o f  g e n e r a t i n g  
ps e udo r a ndom n u a b e r s  h a s  been used  
f o r  Monte  C a r l o  p r o b l e m s  p l a c e d  in  
the UNIVAC.

TABLE 2 . VALUES OP X3 FOB TESTS OF 
BINS UP AND DOIN

D I G I T A L  POSITION RUNS UP RUNS DOW

F i r s t 1 1 . 3 9 4 . 9 5

S e c o n d 4 . 6 9 v 1 . 9 4

T h i r d 6 . 1 0 5 . 0 1

A TEST FOB INDEPENDENCE I N A COEN 
GENETICS PBOBLEB

O r i g i n .  D. Schwa r 1 1 , B i o l o g y  
Di vi si  o n .

P a r t i c i p a t i n g  B e a b e r  o t  P a n e l .
A. W. Kimbal l .

Background and S t a t u s .  Most kernel s  
i n  u n i r r s d i a t e d  mai ze  a r e  c o l o r l e s s .  
When seeds  are exposed to x r a d i a t i o n ,  
t h e  r e s u l t i n g  e a r s  have  some k e r n e l s  
t h a t  a r e  c o l o r e d ,  which i s  an e f f e c t  
t r a c e a b l e  t o  t h e  i n d u c t i o n  o f  a 
m u t a t i o n  c h a r a c t e r i z e d  by a r i n g  
c h r o mo s o me .  T h e r e  i s  some r e a s o n  
t o  a ua pe c t  t h a t  t he  c o n c e n t r a t i o n  o f  
c o l o r e d  ke rne l s  depends on t he  d i s t ance  
o f  t h e  k e r n e l  from t h e  b a s e  o f  t he

a e r .  Av t a s t  i s  d e s i r e d  o f  t he  n u l l  
h y p o t h e s i s  t h a t  the c o n c e n t r a t i o n  o f  
c o l o r e d  k e m a l a  i s  i ndependen t  o f  the 
d i s t a n c e  f roa the base  o f  t h e  ea r .

The 414 k e r n e l s  f roa  one  e a r  grown 
from i r r a d i a t e d  seed were c l a s s i f i e d  
a c c o r d i n g  to  c o l o r  and a c c o r d i n g  to* 
t h e i r  l o c a t i o n  on t h e  e a r .  Fo r  t h i s  
p u r p o s e ,  t h e  e a r  was d i v i d e d  i n t o  
f ou r  c o n t i g u o u s  s e g a e n t a ,  each c o n 
t a i n i n g  approximately t h e  aa ae  number 
o f  k e r n e l s .  The r e s u l t s  a r e  shown in 
Tabia  3.  This i s  s c on t i ngency  t abl e ,  
and one t e a t  for  t he  i n d e p e n d e n c e  o f  
c o l o r  and d i s t a n c e  from b a s e  i s  given 
by t he  usua l  with t h r e e  de g r e e s  of  
freedom.

TABLE 3 . CLASSIFICATION OF BEBNEL8 
FBOB ONE EAB

COLOR
STA TU S

I r o n

SEGMENTS 

t k o  k m  •  ( t h •  • r ) TOTAL

1 1 s 4

C n l w r o d I S 10 9 SS

U n « « U t * 4 TT 1 0 1 10S l i t S O I

10 1 0 4 U S 1 1 ? 4 1 4

U n f o r t u n a t e l y ,  t h i s  t e s t  does  no t  
d i s t i n g u i s h  d i f f e r e n c e s  in s i gn .  Thus 
• m o n o t o n i c  i n c r e a s e  ( o r  d e c r e a s e )  
i n  t he  p r o p o r t i o n  o f  c o l o r e d  k e r n e l s  
s s  t h e  d i s t a n c e  f rom t h e  b a s e  i s  
i n c r e a s e d  could no t  be d i f f e r e n t i a t e d  
from an o s c i l l a t i n g  p r o p o r t i o n .  Since 
t h e  fo rmer  r e l a t i o n s h i p  i a  t he  only 
a l t e r n a t i v e  h y p o t h e s i s  o f  i n t e r e s t ,  
t h e  u s u a l  t e s t  f a i l s .  A n o t h e r  
s t a t i s t i c  t h a t  n e t s u r e s  dependence  of 
t h i s  a o r t  i s  b i s e r i a l  tj, a k i n d  of  
c o r r e l a t i o n  c o e f f i c i e n t .  However ,  
l i t t l e  i s  known about  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  t h i s  s t a t i s t i c ;  so i t  
i s  o f  no p r a c t i c a l  u s e .

A met hod  t h a t  w i l l  work depends  
on t h e  e x a c t  p a r t i t i o n  o f  i n t o  
i n d i v i d u a l  e a c h  h a v i n g  one 
d e g r e e  o f  freedom. The ma t he ma t i c a l

6
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b a s i s  f o r  t h i s  t ec hn i qu t  i s  d e s c r i b e d  
by L a n c a s t e r *  1 * ' *  and by I r w i a . ( l >  
Tbs c oa p u t a t i o n a l  ae thods  thay s ugge s t  
a r t  l a b o r i o u s ,  but  i t  i f |  p o s s i b l a  to 
f ind e xa c t  s h o r t - c u t  foray I s • s i a i l s r  
t o  t b s  f s a i l i a r  2 * 2  c o n t i n g e n c y  
t a b l s  f o r a u l a .  Tba r a  i s  o a t  f o rmul a  
for  t ach degree  of  f roadoa a s a o c i a t s d  
v i t h  t b s  X J i o r  tba  a ho l s  t a b l a .  I f  
t b s  2 * 4  t a b l a  f r e q u e n c i e s  a r a  
r epr e sen t ed  as

tbs  s h o r t - c u t  f o r a u l a s  t h a t  p a r t i t i o n
v  t o

W*[a| 6J -  0 , 6 , ]*

ab i cb  c o r r e s p o n d s  t o  a a l g a l f i c a a c a  
Intel  o f  13*.

Tba a a t b o d  h a s  two d i s t i t a t ^ s d ^  
v a n t a g e s  o v e r  t b a  t o t a l  1 * l a s t ,  
•hen tba p r o p o r t i o n s  o s c i l l a t e  bad l y ,  
t b s  a a t b n d y » i  1 1 a r t  r e j e c t  t b s  a u l l  
b y p o t b s s i s  s s  o f t s a  s s  t b a  t o t a l  ^  
. t t i l i  I ban  t b a  p r o p o r t i o a s  l a c r a a a a  
o r  d a c r a a a a  m o a o t o a i c a l l y  e t t b i a  
e x p e r i me n t a l  a r r o r ,  t ba  a a t b o d  i s  a 
a o r a  o o e a t f u l  t a a t  than t he  t o t a l  
l a s t ,  a t .  l s a a t  f o r  t b a  t ypa  o f  • l - 
t e r n a t i v *  h y p o t h e s i s  i n h e r e n t  i n  
a x p a r i a e n t s  o f  t h i s  n a t u r e ,  In t he  
p r s a s n t  p r o b l t a ,  f o r  e s s a p l s ,  t b a  
s i g n i f i c a n c e  l e v e l  for  t ho  t o t o l  ** 
i s  about  20%.

t! AB n )n | ( n | 4 n , )

«» [ * , ( ■ ,  * «,> -  «,<>,  « >, ) )* 

* • AB n , ( n ,  ♦ n t ) ( n ,  ♦ n,  ♦ n , )

Vl _
** * AB  n4 (n,

For  t he  b e r n e l  d a t a ,  t h e s e  f o r a u l a s  
y i e l d  ** • 0 . 05968,  ■ 3.8 5364, and
*} •  0 . 78 6 0 2 .  S i n e s  t he  s q u a r e  r o o t  
o f  with one  degree o f  freedom i a  a 
nonni l  v a r i a t e  wi th t a r o  aesn and u n i t  
var i ance ,  t h e  s t a t i s t i c

‘  - - p C i  X% *  l ,  i  1 | >ST
aay  be u s e d  aa  a t a a t  o f  t h e  u u l l  
h y p o t h e o i s  by r e f e r e n c e  to s t a n d a r d  
no r aa l  p r o b a b i l i t y  t a b l e s .  The r o o t  
o f  X \  t i  a s s i g n e d  the saae sign s s  the 
q u a n t i t y  i n  b r a c k e t s  in the  n u a e r a t o r  
o f * } .  In t h i s  problem

f  —  ( 0 . 2 4 4 -  1.963 -  0.887)  • - 1 . 5 0 ,
s i_______

( n H. 0. L sa s ss as v ,  f i s a s t r l k s  31. 117-119 
(19(9).

0 .  L i s e  a s t i r , l i s s f l r i l a  37. I I7 -1 T 9
(19 SO I.

( , , J .  0. I r s t s ,  l O s i i r i l s  31, l l i - 1 1 4  ( 1949).

-  0 , ( 6 ,  ♦ 6,  4 6 , ) ] *

FIDUCIAL EXPECTATION
Origin.  11. t a v y ,  Chea i a t ry  D i v i s i o n .
P a r t i c i p a t i n g  Neabar  of  P a a a l .

J .  Mo aha an.
Background sad S ta tus.  T*o v a r i s b l s a  

a r e  a e s t u  r e d  a nd  t h e i r  t r u e  a e u n  
d i f f e r e n c e  i s  d e n o t e d  by 6 . An 
e x p o r i a e n t a l  d e t e r a i n a t i o n  o f  t h i s  
d i f f e r e n c e  i s  found to be x, I f  i t  
i s  assumed t h a t  f> > 0 ,  *h a t can ba  
sa id  aboutan e s t i a s t s  of  l ,  e s p e c i a l l y  
i f  i  < 0 1 I t  w i l l  be assumed t h a t  
the d i f f e r e n c e s  have a normal d i s t r i 
b u t i o n  w i t h  v a r i a n c e  a* a n d  mean
b > 0 .

Two cases  a r e  d i s t i ngu i s he d :
1 . I f  cr* i s  known, then

b -  x
u ------------ ( 1 )

O
hax a n o r a a l  d i s t r i b u t i o n  wi t h  x e r o  
aesn and u n i t  v a r i a n c e .  I n s t e a d  o f

V" •*

%  0  3  - / d
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cons ider i ng  « to be i  random var i ab l e  
depending on the  chance v a r i a b l e  a, 
c o n a i d e r  6 a v a r i a b l e  w i t h  x and cr 
f i x e d .  . Under  theae  c o n d i t i o n * ,  the 
f i duc i a l  d i a t r i bu t i on  of 5 i a  obtained 
by aiaking the s u b s t i t u t i o n  of  Eq. 1 in 
the d i a t r i bu t i on  of  u.

The probabi l i  ty denai ty d i a t r i bu t i on  
o f  u, f( u)du, i a

/ ( u )  du • — du # (2)

•h i ch ,  by the change of  t he  v a r i a b l e  
in Eq. 2, becomes

/(!> rfS ----- L _ 1 !-.»*/•»■* dS , (3)
i  2tt o

After  aoae manipulat ion,  Eq. 5 becoaea

E(b \ b > 0)

* f -a*/ te*

The d e n o m i n a t o r  i a  r e a d i l y  d e 
termined from a table of the  p r ob a b i l i t y  
i n t e g r a l ,  and the remaining ca l cu l a t i on  
i a  s t ra ight forward.

2. I f  o l i t  unknown but  an ea t i aa t e  
a 1 i a  a v a i l a b l e  baaed on n d e g r ee a  
o f  f reedom by a s i m i l a r  p r o c e d u r e ,  
one f i n a l l y  obta ins

Howe ve r ,  i f  5 i a  r e a t r i c t e d  t o  a 
nonnegat ive range, then the condi t ional  
f iduc i a l  d i a t r i bu t ion  o f  b i a

/(&U > 0)db

-pJ—J T n  o
. (4)

( t s t .  ............
Then the expected value of  & i a

£(8 | b > 0)  • J  / (S | b > 0) db

*'* db
£ ? _________________

f " ___
J .  ~

. (5)

The i n t e g r a l  i n  the  d e n o m i n a t o r  o f  
Eq. 7 may be e v a l ua t e d  wi th  the aid 
of  t he  t eb i e  of  S tuden t ' s  d i a t r i b u t i o n  
to be found in' The Advanced Theory of  
S t o t t  s(  i c c ( 4} o r  in l l et ron. l

DAMAGE TO TISSUE FROM NEUTRON D IS T R I
BUTIONS 1ITH MAXIMUM ENERGIES RANGING 
FROM 1 TO 300  Rev

O r i g i n .  J .  N e u f e l d  a nd  W. S. 
Snyder,  Heal th Phyaics Divi sion.

P a r t i c i p a t i n g  M e m b e r s  o f  P a n e l .  
P. J .  Brown, N.M. Dismuke, J .  Moshaan.

R e f e r e n c e .  Ma t h e ma t i c *  Pane l  
Quarter ly  Progret t  Report ,  ORNL-1435.

S t a t u e .  The problem d e s c r i b e d  in 
ORNL-1435 h a t  been c ode d  f o r  t h e

( 4 > l .  G. K » a 4 * t l ,  T k »  i r f s a a c t d  T h t t r y  •  /  
J t a t i « • ic«,  Val. 1. p. 440-441, Cka«. G r i f f i s  *s4 
Ca. ,  L td . ,  L i i i i a .

,S )R. A. P i i U r ,  f i l m  S. 119-120 ( 1952).

8
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ORACLE in  two p a r t s .  P a r t  one i s  the 
r o u t i n e  f o r  comput ing  and r e c o r d i n g  
the average damage per c o l l i s i o n  aa a 
func t io n  o f  x, y,  and t  f o r  s p e c i f i e d  
values o f  the problem parameters  E#.,
6, and d. P a r t  tvo  o r g a n i t e a  these  
d a ta  i n t o  a apace d i a t r i b u t i o n  o f  
average damage.

BMOt EQUATION POB A COUNT-BATE IETEB
O r ig in .  R. H. R i t c h i e  and G. S. 

Hurat , Hea l th  Phyaics D iv ia ion .
P a r t ic i p a t i n g  Henbera o f  P ane l.

N. Edmonson, C. P. Hubbard.
S ta ten .  I n  f l y i n g  over gamma-ray 

sources, a p rospec t ing  plane rece ivea  
an amount o f  r a d i a t i o n  t h a t  may vary  
s h a r p l y  i n  m a g n i t u d e  w i t h  t i n e .  
Consequently, i f  a coun t - ra te  meter  i s  
uaed i n  c o n n e c t i o n  w i t h  a c o u n t i n g  
array, such aa G-M tubes, s c i n t i l l a t i o n  
c o u n t e r ,  e t c . ,  the  m e te r  r e a d i n g  
may lag the s igna l  in  t ime and a t  the 
aaae t im e  g i v e  an e r r o n e o u s l y  l o w  
i n d i c a t i o n .  I n  c a l c u l a t i n g  t h i s  
e r r o r ,  the f o l l o w in g  equat ion o u s t  be 
solved f o r  t :

€r - y  / l 4 ( r f f l ) *  - T / f i  / l a . *
-------------------------- -- I --------------------dx .

' l l  ♦ ( t / /S) 1 —  h  ♦

Since  s o l u t i o n s  are dea i red  f o r  many 
v a lu e s  o f  t h e  p a r a m e te rs  fi and > ,  
t h i s  problem has been programmed f o r  
c a l c u l a t i o n  on the UNI VAC. R e s u l t s  
are expected as soon as machine t ime 
i s  a va i la b le .

TBEBBAL-NEUTBON PBNETBATIQN IN TISSUE
O r i g in .  R. S. S n y d e r ,  H e a l t h  

Physics D iv i a i o n .
P a r t i c i p a t i n g  la a b a r  o f  Pamal.

H. B. Goer tse l .
B a f e r a a c a .  M a t h e m a t i c s  P a n e l  

Quar te r ly  Progress Report ,  0RNL-1360.
Background and Statna. The problem 

i s  s t a t e d  i n  ORNL- 1360, p .  8 .  The 
k e r n e l  and s o u r c e  f u n c t i o n s  mere 
e v a l u a t e d  f o r  bo th  10 and 20 s u b 
d i v i s i o n s ,  and the r e s u l t i n g  se ts  o f  
s iaul taneous equations vere solved on 
the NEPA computer .  The r e s u l t s  vere

re tu rn e d  to R. S. Snyder f o r  use in  
choos ing the number o f  s u b d i v i s i o n s  
necessary to ob ta in  the f i n a l  r e s u l t s .  
These l a r g e r  systems w i l l  be run on 
th e  NEPA c o m p u te r  d u r i n g  th e  n e x t  
quarter .
CALCULATION OP THB EFFICIENCY OF 
AB80BPTI0N FOB A SINGLE CBV8TAL

O r ig in .  P. R. B e l l  and F. K. 
McGowan, Physics D iv i s io n .

P a r t ic ip a t in g  Bankers of Panel.  
N.  Edmonson,  N. M. Dismuke,  J .  H. 
F iahel ,  H. B. Goer tse l .

B a f a r a n c a .  M a th e m a t i c »  P a n e l  
Quar ter l y  Progrest  Repor t , ORNL-1435.

Background and Status. O v e r f l o w  
was enco u n te re d  i n  the  l a s t  s ta g e s  
o f  the  c o m p u t a t i o n  on the  UNIVAC. 
T h is  has been c o r r e c t e d ,  and compu
t a t i o n  w i l l  be c a r r i e d  o u t  when 
machine t ime i a  a v a i la b le .

CALCULATION OF BACAB COEFFICIENTS FOB 
TBB ANQULAB IIBTBIBUTION IN NUCLBAB 
BEACTIONS

O r i g i n .  M. E. R o s a ,  P h y s i c s  
D i v i s i o n ;  L .  C. B i e d e n h s r n ,  Y a l e  
U n ive ra i t y .

P a r t i c i p a t i n g  Banker o f  P a n e l .
C. L. Per ry.

B afa ran can . Ma t he ma t i c  $ P ane l  
Q ua r te r ly  Pr ogr e te  Repor t , ORNL-143S; 
L. C. Biedenhsrn,  Tablet  o f  the Racah 
C o e f f i c i e n t ! , ORNL-109A.

Background and Btataa. ORNL-1098 
c o n s i s t e d  o f  t v o  s e t a  o f  t a b l e a :  
one s e t  was t h e  t a b l e s  o f  i  c o e f 
f i c i e n t s ,  and the o ther  was the tab les  
o f  Z c o e f f i c i e n t s .  The demand f o r  
ORNL-1098 has exceeded the number o f  
copies p r i n t e d .  Dur ing  the q u a r t e r ,  
the Z tab les  were rev iaed  f o r  p u b l i 
cat ion aa e separate repor t ,  OHNL-1S01 
( i n  p re ss ) .

ANI80TB0PY IN ANOULAB COBBBLATION DATA
O r ig in .  E. D. K l e n a ,  P h y s i c s  

Di vi  si on.
P a r t ic ip a t in g  Bankara o f  P ane l.  

J .  Moshnan, E. N. Lawson, H. B. Goertse l .
B a f a r a n c a .  M a t h e m a t i c t  P a n e l  

Quar te r l y  Progress Repor t , ORNL-143S.

9



MATHEMATICS PANEL QUARTERLY PROGRESS REPORT

Background ta d  S ta tu s .  The ca lc u *  
l a t i o n a  d e s c r i b e d  i n  the  r e f e r e n c e  
ere being se t  up on s con t inu ing  basis 
f o r  t h e  K - 2 5 ,  N u m e r i c a l  A n a l y s i s  
L a b o ra to ry ' s  IBM punched*card equ ip* 
sent .

BETA BBCAt (PIELD PACTORS)

O r ig in .  M. E. Rose and P. R. B e l l ,  
Physics D iv i s io n .

P a r t i c i p a t i n g  B a u b u r  o f  P a n e l .
C. L. Perry.

B e f s r s n c s a .  M a t h e m a t i c s  Pane l  
Quar te r l y  Progress Repor ts,  ORNL-1029, 
*1232, *1290, *1360,  tnd *1435; M. E. 
Rose, C. L. Pe r ry ,  and N. M. Diamuke, 
Tab l e t  f o r  the A n a l y t i e  f o r  Al l o t ted  
and F o r b i d d e n  B e t a  T r a n s i t i o n s , 
ORNL-1459 ( i n  p ress ) .

Backgronad and S ta tu s :  The m u l t i *
p l i c s t i o n a  descr ibed in  ORNL-143S were 
completed d u r ing  December on the IBM 
n a c h i n e s  a t  K -2 S .  The t a b l e s  o f  
f i e l d  fac to rs  were p r i n t e d  d i r e c t l y  on 

'd u p l i m a t  e a s t e r n  and are now b e ing  
reproduced f o r  issuance  as OFNL-1459. 
Graphs o f  the f i e l d  f a c to r s  were made 
f o r  i n c l u s i o n  i n  a paper d e s c r i b i n g  
the  tab le s ,  which w i l l  be sent  to the 
Physical  Reviews.

BETBBBIN4TI0N OP THE PAST-NEUTRON 
FLUX IN  THE OBNL QBAPHITE REACTOR

O r i g i n .  D. K.  H o l e e s ,  P h y a ic s  
Di v is ion .

P a r t i c i p a t i n g  H e a b e ra  o f  P a n e l .  
J .  Moahnan, S. E. E s t e l l .

R e f e r e n c e .  M a t h e m a t i c s  Pane l  
Quar ter l y  Progress Report ,  ORNL-1435.

Backgronad sad S ta tu s .  A t o t a l  o f  
10 ,080  n e u t r o n  h i s t o r i e s  has been 
completed on the  UN1VAC. The f i n a l  
c a l c u l a t i o n s  o f  the  f l u x  in  v a r io u s  
reg ions  o f  i n t e r e s t  are under way i n  
P h i l a d e l p h i a  on th e  UNI VAC and are 
scheduled f o r  com p le t ion  in  February 
1953.

CALCULATION OF INTERNAL CONVERSION 
COEFFICIENTS HITH SCREENING

O r i g i n .  M. E. Rose ,  P h y s i c s  
Di v is ion .

P a r t i c i p a t i n g  H a n k e rs  o f  P a n e l .
M. R. A r n e t t e ,  N. D. G iv e n ,  V. C. 
Sangren.

R e fe r e n c e s .  M a t h e m a t i c e  P ane l  
Q u a r t e r l y  Progress Repo r t s , ORNL-1290 
and *1360.

B a c k g ro u n d  and S t a t u s .  I t  was
d e c i d e d  to  code t h i s  p r o b l e n  f o r  
s o l u t i o n  on the ORACLE. Two reasons 
f o r  t h i s  dec is ion  are the f a i l u r e  o f  
t h e  W i l l i a m s - tu b e  memory o f  the SEAC 
and th e  d e s i r a b i l i t y  o f  h a v i n g  a 
check on the SEAC's r e s u l t s  i f  the 
a r e  com p le ted  b e f o r e  th e  ORACLE'S 
r e s u l t s  are obta ined.

A r e v i e w  has been made o f  t h e  
n um er ica l  p rocedures  to  be used f o r  
eva lua t in g  the i n t e g r a l  s and in t e g r a t i n g  
t h e  d i f f e r e n t i a l  e q u a t i o n s .  F o r  
use on the ORACLE, i t  has been decided 
t o  use c ru d e r  i n t e g r a t i o n  f o r a u l a s  
b u t  f i n e r  meshes. A few other  s i m p l i 
f i c a t i o n s  hsve been made i n  o rd e r  to 
f a c i l i t a t e  the c a l c u la t i o n s .

The s ta tu s  o f  the  p r e p a r a t i o n  o f  
the problem f o r  the ORACLE i s  ind ica ted  
i n  the  f o l l o w i n g .  P a r t  I  o f  t h e  
p r o b l e m ,  t h e  c a l c u l a t i o n  o f  t h e  
s c r e e n in g  f u n c t i o n ,  has been coded 
end checked. P a r t  I I ,  the c a lcu la t io n  
o f  the bound s ta te  wave func t ions  and 
th e  c o r re s p o n d in g  e i g e n v a lu e s ,  has 
been coded and p a r t i a l l y  checked.  
A n a ly s is  and cod ing  has been s ta r t e d  
on P a r t  I I I .

P a r t  I  has been comp le ted  on the  
SEAC. P a r t  I I  i s  rep r t e d  to be near 
c o m p l e t i o n .  I n  P a r t  I I I ,  i t  was 
decided to d iv id e  the c a lc u la t io n  in t o  
s m a l l e r  c a l c u l a t i o n s  and recode the 
s m a l l e r  c a l c u l a t i o n s  f o r  u s in g  the 
acous t ic  memory i n s te a d  o f  the f a u l t y  
W i l l iams- tube  memory.

HINIHUH BRIGHT AND PRE88URE DROP 8TUDY 
FOR AN AIR HEAT EXCHANGER

O r i g i n .  W, S. Fa rm e r ,  R e a c to r  
Experimental Eng ineer ing D iv i s ion .

P a r t i c i p a t i n g  H a u b a r  o f  P a n e l .  
N. D. Given.

R e f e r e n c e .  M a t h e m a t i c s  Pane l  
Quar ter l y  Progress Repor t ,  ORNL-1435.
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FOR PERIOD ENDING JANUARY II, 1955

Background and S ta tus .  To o b t a i n  
op t i mu m d i m e n s i o n s  f o r  a n i c k e l  o r  
s t a i n l e s s  s t e e l  a i r  r a d i a t o r ,  e v a l u 
a t i o n s  o f  a l g e b r a i c  f o r m u l a s  f o r  
p r e s s u r e  c h a n g e s  h a v e  b e e n  s t a r t e d .  
T h e s e  c a l c u l a t i o n s  a r e  an e x t e n s i o n  
o f  t h o s e  r e p o r t e d  i n  t he  l a s t  q u a r t e r l y  
r e p o r t .

L1NEAB STABILITY OP BOILING BBACTOIB
O r i g i a .  P .  R. K a s t e n ,  R e a c t o r  

E x p e r i a e n t e l  Eng i n ee r i n g  Di r i  s i o n .
P a r t i c i p a t i n g  l e a b e r a  o f  P a n e l .  

A.  S .  H o u s e h o l d e r ,  J .  V.  G i v e n s  
V. C.  C a r l o c k .

Background and S t a t a a .  The p r o b l e a  
i s  t o  f i n d  t h e  l a r g e s t  p o s i t i v e  r e a l  
r o o t ,  i f  such e x i s t s ,  o f  / ( v ;  A, /x, a, 
oj* , y )  ■ 0,  where /  i s  •  p o l y n o m i a l  o f  
s i x t h  d e g r e e  i n  v,  . The c o e f f i c i e n t s  
o f  t h i s  p o l y n o m i a l  a r e  f o r a e d  from 
c o a b i n a t i o n s  o f  t h e  p a r a a e t e r s  A, /x, 
a ,  oj*, y ,  and  t h e s e  c o e f f i c i e n t s  a r e  
b e i n g  d e t e r m i n e d  by t h e  L a g r a n g e  
i n t e r p o l a t i o n  formula.

Work c o n t i n u e s  on p r o g r a m mi n g  t h e  
c o m p u t a t i o n s  f o r  t h e  ORACLE. Th e  
m e t h o d  c o n s i s t s  o f  c o m p u t i n g  S t u r m 
f u n c t i o n s  f o r  each s e t  o f  p a r a m e t e r s ;  
a n  u p p e r  b o u n d  i s  f o u n d  f o r  t h e  
p o s i t i v e  r o o t s ,  and t h e  i n t e r v a l  i s  
s u c c e s s i v e l y  s ubd i v i ded .

BEAT PLOW IN LONG, CIBCULAB PIPES
O r i g i n .  H. F. P o p p e n d i e k ,  R e a c t o r  

Ex p e r i me n t a l  E n g i n e e r i n g  D i v i s i o n .
P a r t i c i p a t i n g  I s a b e r m  o f  P a n e l .  

P .  J .  Br own ,  N.  M. D i a a u k e ,  W. C. 
Sangren .

B a c k g r o u n d  s a d  S t a t a a .  T h i s  
p r o b l e m  i s  a s t u d y  o f  t h e  a p a c e  
d i s t r i b u t i o n  o f  t e m p e r a t u r e  i n  a 
f l u i d  a f t e r  s t e a d y - s t a t e  c o n d i t i o n s  
h a v e  b e e n  r e a c h e d .  The f l u i d  f l ows  
i n  a l o n g ,  t h i n  p i p e  o f  c i r c u l a r  
c r o s s  s e c t i o n .  A c o n s t a n t  amount  o f  
h e a t  p e r  u n i t  s u r f a c e  a r e s  i s  a d d e d  
c o n t i n u o u s l y  t h rough  t he  a i d e s  o f  t h e  
p i p e  i n  t h e  normal  d i s t r i b u t i o n .  The 
d i f f e r e n t i a l  e q u a t i o n  t o  b e  s o l v e d  i s

given by

«( r) -r- ■ o 
ox

+ i_

3r» r  3 r

r r— •  0 ,  a t  r • 0 and r *  r .  , 
dr

t ■ 0,  a t  x • 0 .

The p i p e i a  i n f i n i t e  in t h e  x d i r e c t i o n ,  
b u t  t h e  i n t e g r a t i o n  i s  t o  b e  c a r r i e d  
o u t  to * ■ Xj,  In t he  e q u a t i o n ,

u ( r )
[ - ( t f

ua ■ maximum v e l o c i t y  o f  t h e  f l u i d ,  
t  •  t e m p e r a t u r e  o f  t h e  f l u i d ,  
r "  r a d i a l  d i s t a n c e ,  m e a s u r e d  

f rom t h e  p i p e  c e n t e r  t o  t h e  
r a d i u s ,  r Q, 

x -  a x i a l  d i s t a n c e ,
and  a,  G, cf , w, and u# a r e  c o n s t a n t  
problem p a r a m e t e r s .

U n i f o r ml y  s paced  l a t t i c e  p o i n t s  in 
t h e  a x i a l  d i r e c t i o n  a r e  d e n o t e d  by 
a ,  and t h o s e  i n  t he  r a d i a l  d i r e c t i o n ,  
b y  n.  Ax a n d  Ar a r e  t h e  a x i a l  and 
r a d i a l  s p a c i n g a ,  r e s p e c t i v e l y :
•  • 0,  l ........... M ,

n • 0 ,  1, . . « ,  Ni
r • 0 i s  h a l f - w a y  b e t w e e n  n ■ 0 

and n ■ 1,
r • r 0 i s  h a l f - w a y  between n ■ N -  1 

and n • N.
Wi t h  t h i s  n o t a t i o n ,  t h e  d i f f e r e n c e  
e q u a t i o n  t o  b e  s o l v e d  i s  g i v e n  by

• ♦I .» C, t , ♦ C. t 1,* I,« i , i

♦ cS, a a ,  a *  1 ♦ c

*•.» * 0  .
The C  a a r e  g i ven  by

1 . -
( A r ) 1

1 Ax 
2 r  Ar

3 °

T
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2a Ax
T ' T m T  •

1 As 

*  2 r .  Ar

G As

Coding o f  the prob lem f o r  s o l u t i o n  
on the UNIVAC i s  i n  progress .  Presen t  
p lans  are to  s o l v e  the problem f o r  one 
s e t  o f  p a r a m e t e r  v a l u e s  f o r  t h e  two 
l a t t i c e  spacings:

r o ^  j
(1 )  A r  ■ —  and As •  -------- ,

40 5000

ro
( 2 )  ,n<1 * 'l o r n20 1250

I f  t h e s e  tw o  s o l u t i o n s  ahow good  
agreement,  s p a c in g  1 w i l l  be used to  
s o l v e  the d i f f e r e n c e  e q u a t i o n  f o r  16 
o r  more s e t s  o f  p a r a m e t e r  v a l u e s .

REACTOR INEQUALITIES AND EIGENVALUES 
FOR THE RAVE EQUATION

O r ig in .  A. M. Weinberg,  Research 
D i r e c t o r ' s  D i v i s i o n .

P a r t i c i p a t i n g  H e a te rs  o f  P n n e l ,  
II. B. G o e r t x e l ,  W. C. Sangren.

R e fe r e n c e s .  N a i h e m a t i c i  P a n e l  
Qu a r t e r l y  P r o g r e s t  Hepor t s ,  ORNL-1360 
and -1435.

B a c k g r o u n d  and S t a t u s .  As a
p r e l i m i n a r y  c o m p u t a t i o n ,  t h e  fu n d s *  
mental  e ig e n v a lu e  f o r a  square membrane 
was ob ta ined on the  NEPA machine. The 
r e s u l t  agreed w i th  the  known a n a l y t i c a l  
r e s u l t  t o  i s  many s i g n i f i c a n t  f i g u r e s  
as can be o b ta in e d  on the NEPA machine. 
The p re p a r a t io n  o f  c e r t a i n  " c o n c e n t r i c "  
s q u a r e  membrane p r o b l e m s  has been 
c o m p l e t e d  and t h e i r  f u n d a m e n t a l  
e i g e n v a l u e s  w i l l  be so u g h t  by u s i n g

the NEPA machine. S t u d ie s  on the  use 
o f  g e n e r a l - p u r p o s e  d i g i t a l  m ach ines  
f o r  comput ing fundamenta l  e ig e n v a lu e s  
a re  be ing  c o n t i n u e d .  In  p a r t i c u l a r ,  
t h e  c od ing  n e c e s s a r y  f o r  f i n d i n g  t h e  
fundamental e igenv a lues  f o r  c o n c e n t r i c  
sphe res  and p a r a l l e l  a laba  haa been 
completed f o r  the UNIVAC.

GROWTH EPPECT8 OF IRRADIATED PITUITARY 
T18SUE ON CHIGRS

O r ig in .  J .  H. R u s t ,  UT-AEC A g r i 
c u l t u r a l  Research Program.

P a r t i c i p a t i n g  l e n b e r a  o f  P a n e l .
A. W. K im b a l l ,  G. J .  A t t a .

Background and S ta tu s .  P i t u i t a r y  
t i s s u e  f rom  c h i c k s  was e x p o s e d  t o  
x r a d i a t i o n  and t h e n  i n j e c t e d  i n t o  
young c h i c k s  as a homogenate.  One 
group o f  c h i c k s  r e c e i v e d  50 mg, f r e s h  
w e i g h t ,  o f  t h e  t i s s u e  and a n o t h e r  
group rece ived 100 mg. Two more groups 
rece ived  l i k e  amounts o f  u n i r r a d i a t e d  
t i s s u e .  A f t e r  s e v e r a l  weeks ,  t h e  
b i r d a  were s a c r i f i c e d  and body, t e a t e a ,  
t h y r o i d ,  a d r e n a l s ,  and comb w e i g h t s  
were r e c o r d e d .  The p r o b l e m  was to  
e v a l u a t e  t h e  e f f e c t ,  i f  a n y ,  o f  
x r a d i a t i o n  on the growth o f  the body 
p a r t s  weighed.

A na lyseao f  covar iance  were computed 
f o r  each o f  t h e  f o u r  o rgan  w e i g h t s  
by u s in g  the  body w e ig h t  aa an i n d e 
pendent v a r i a t e .  These were compared 
w i t h  t he  c o r r e s p o n d i n g  a n a l y s e s  o f  
var iance.  In  no case were any d i f f e r 
ences found t h a t  were s i g n i f i c a n t  a t  
t h e  5% l e v e l .  An a n a l y s i s  o f  t h e  
body  w e i g h t  a l o n e  l e d  t o  s i m i l a r  
r e s u l t s .  In  e v e r y  case,  c o v a r i a n c e  
methods he lped  reduce r e s id u a l  e r r o r ,  
b u t  i t a  e f f e c t  on t h e  t rea tm en t  means 
va r ied  c o n s id e ra b ly  from one weigh t  to 
a n o t h e r .  T h e r e  was some i n d i c a t i o n  
t h a t  a t  h i g h e r  i n j e c t i o n  doses,  t h e  
e f f e c t s  m i g h t  be mor e  p r o n o u n c e d .  
A c c o r d i n g l y ,  t h e  e x p e r i m e n t  w i l l  be 
repeated w i th  l a r g e r  doses.
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FOR PERIOD ENDING JANUARY 31, 19S3

DEPIGRENTATION AS A BIOLOGICAL DO
SIMETER-OPERATION GREENHOUSE

O r i R l n .  A. C.  U p t o n ,  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  N eabera  o f  P a n e l .  
J .  Moshman, R. C. Reaver.

R e f e r e n c e .  Ma t he  m a t i c  s P a n e l  
Quar t e r l y  Progress  Repor t ,  ORNL-1435.

Background and 8 t a t u a .  I t  was 
r e p o r t e d  e a r l i e r  t h a t  n i n e  mon t hs  
a f t e r  exposure,  t he  dose,  d,  r ec e i ve d  
by mice a t  Eniwetok was r e l a t e d  to the 
degree  o f  depigmenta t ion,  p (0 4 p 4 4) ,  
on the  back o f  the head by t he  formula
d •  318.32 ♦ 84.09 p (287 < 711) .

The  p r o c e d u r e  d e s c r i b e d  i n  t he  
r e f e r e n c e  vaa r epe a t e d  f o r  p e r i o d s  of  
7 and 11 months  a f t e r  e x p o s u r e .  The 
r e s u l t i n g  formulas are:

t h e o r y  o f  l a r g e  d e f l e c t i o n s  i a  very 
inadequa t e .

CODINO OF REACTOR CALCULATIONS
O r i g i n .  B. A. C h a r p i e ,  R e s e a r c h  

D i r e c t o r ' s  Di v i s i on .
P a r t i c i p a t i n g  R aabe ra  o f  P a n e l .  

N. Ed m o n s o n ,  J .  H. F i a h e l ,  C.  P.  
Hubbard.

R e f e r e n c e s .  D. K. H o l m e s ,  7he 
Mu l t i g r o u p  Method as Used by the ANP 
P h y s i c s  Gr oup , ANP-58;  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 , 
ORNL-1435.

B a c k g ro u n d  and S t a t u a .  T h e s e
c a l c u l a t i o n s ,  a c c o r d i n g  to t h e  f i r s t  
p l an ,  were t o  be coded f o r  t h e  ORACLE. 
In o r d e r  t o  ob t a i n  c a l c u l a t e d  r e s u l t s  
s o o n e r  t han  t he  ORACLE wou l d  be  i n  
o p e r a t i o n ,  i t  was d e c i d e d  t o  code

7 months,  d - 313.22 ♦ 85.97 p  (287 4 d 4  711) ; 

11 moot d «• 309.96 ♦ 81 .84  p ? (287 4 d 4 711) .

The v a r i a b i l i t y  among t he  c u r v e s  t h e s e  c a l c u l a t i o n s  f o r  t h e  UNIVAC.
was 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  and Thi s  coding has  been done and i a  t o  be
i n d i c a t e d  t he  l ack  o f  a t i me  e f f e c t  t e s t e d o n  the  UNIVAC as soon aa machine
d u r i n g  t h i s  pe r i od .  In each case,  the t ime i s  a v a i l a b l e ,
s t a n d a r d  e r r o r  o f  e s t i m a t e  about  the 
l i n e  was about  50 to 55r .

LARGE DEFLECTIONS OF PURP DIAPHRAGMS
O r i g i n .  C. D. Z e r b y ,  R e a c t o r  

Exper imenta l  Engines r i ng  Di vi s ion.
P a r t i c i p a t i n g  Hemoera o f  Pane l .

H. B. Goer t s e l ,  C. L. P e r r y .
Background and 8tatpis. A pr e l i mi nar y  

i n v e s t i g a t i o n  o f  t he  p r o b l e m  o f  t he  
l a r g e  d e f l e c t i o n s  o f  t h i n ,  c i r c u l a r  
p l a t e s  waa made.  F o r  t h e  pump in 
q u e s t i o n ,  i t  was d e s i r e d  t o  a c c u r a t e l y  
o b t a i n  t h e  d e f l e c t i o n  o f  t h e  p l a t e  
u nde r  uni form,  l a t e r a l  l o a d i n g .  Work 
i s  now being done to ob t a i n  s u f f i c i e n t l y  
a c c u r a t e  e q u a t i o n s ,  a l t h o u g h  t h e


