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SUMMARY

C o n s t r u c t io n  o f tlto  Oak R idge d i g i t a l  c o s p n te r  ia  no* u n d e r  way a t  

A rg o a n e .  J .  Y. Woody and R. J .  K la in  ka t o  bean aoat to  Argonne f r e e  tk ia  
L a b o ra to ry  to a aa ia t  E a r l  B a rd a t te  ia  tka c o a a t r a c t io a . Meanwhile aaabera o f  

tbe Panel a re  studying c i r c u i t  diagraas fa r  c o n t r o l  and a r i t k a e t i c  u n i t s ,  and 
c a a a a l t in g  a i t k  D r .  F la a d a r a  and D r .  Cku, o f  Argoaae, on aspacta  a f  design .  
Soaa d iscasa io a  o f t k i s  w i l l  be given below.

A j o i n t  a a a t ia g  a f  tk a  I n s t i t u t e  o f  M a t b e a a t i e a l  S t a t i s t i c s  and tka  
B ie a e t r i c  Socie ty  is  be ing  planned for Merck IS ,  16, and 17, to be b a ld  a t  Oak 

T o r r a e a .  A. S. Housekolder i s  the lo c a l  neaber o f  tbe prograa c o a n i t te e  fo r  
both  organ isa tions , and Jack Mo aka an ia A s s is ta n t  S acra ta ry  far tba  I n s t i t u t e .  

D r.  A. M- Weinberg kas agreed to speak at tka banquet, Merck 16. Tba t e n t a t iv e  
p ro g raa  ia  aa fo llow s:

PROGRAM

Tba- day, Marek U , 10:00 A.M.

OONmiMnWD PAPERS PGR BIOMETRIC SOCIETY
0

Thursday, Merck IS, 1:00 P.R.

PUBLIC HEALTH STATISTICS

Ckeiraaa: Dr. Paal Daasaa, IP iv a r s i t y  a f  P it ts b u rg

- S ta t is t ic a l  S tadias ia  Prekleaa a f  M e a ltk "
Evelyn P in  and J. Nayasa, U n iv e rs ity  e f C a life va ia

M An E laaaata ry  Stockaatie Process fo r  a S y p k ilis  Popu la tion”
B. 0. Greenberg, U n ive rs ity  e f  P e rth  C are liaa

P rid a y . Merck Id , 0,00 A.M.

BIQA8SAT WITH QUARTAL RESPONSES
Ckeiraaa: D r. Alenaader H e ll sender, Oak Ridge R ational Laboratory

"V ky  I  Prefer Leg ito  to P rob ito  and S ia i t s ”
J. Rarkoea, Mayo C lin ic

4
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"How Mack Doea the  Choice  o f  M o ta a e t e r  h t t « r f n 
J .  t .  TV key , P r i a c a t e a  U n i v e r s i t y

" E x t r u s io n s  af  E leaaatary  Methods in Bioaasay"
I r a ia  Braaa, The Jakai Hopkins University

"P ro b la a a  ia  B io logical Assay aa  A .C .T .i "
V. Veins,  Food aad Drag Adaiaiatratian

Diacuaaant; Jaraoaa C o rn fie ld , National Iaatitata  a f  M aaltk

F riday , Merck M . S :0 0  P M-

EXPERUCIfTAL DESK*
C k airaaa ; Dr. C yril C o aa r, U a ira ra ity  af  Taaaaaaaa

" in c o a p la te  Black Daaigaa"
* B- C. Bear, U a ira ra ity  a f  N orth  C aro lina

" F ra c t io n a l  R ep lica tio n "
O acar Keapthorna, Iaaa  S ta te  Cal laga

"The A aalyaia a f  Laag Tara Ex pa n a a n  ta "
A. M- Dutton, Iaaa S ta te  C a lla g e

T a s t i a g - f e r 'p r e f e r a a c e  E x p o ria e a ts" '
L y le  D. C alv in , Seerla P h a ra a c e u tic a l  Coupon y, C hicago

Saturday, March IT, 9 :0 0  A .i.

MULTIVARIATE ANALYSIS

C kairaaa : Dr. E. E. Car a te a ,  u a i r a ra i ty  a f  T aaaaaaaa

"toe the P ro p e r tia a  aad S t a t i a t i c a l  Pwrpeaaa a f  Snae V a ll-k a aaa  
aad  Soae Haw Taata ia  M ulti r a r i a t a  Aaalyaia"
S . N. Nay, U n ive.a ity  a f  N o rth  C ara lia a

"S aaa  A pp liea tioaa  af Ceapeaad Syaaatry Taata"
A. V. E ia b a ll ,  Oak Ridga N a tia a a l  Laboratory

"Sa«aa P re l ia ia a ry  R aaulta a f  M u ltiv a r ia te  D ia c r ia ia a a t  A aalyaia" ' 
D. V. Tiodaaann, Harvard U a ir a r a i ty

Saturday. Mareh IT, 11:00 A.M.

CONTRIBUTED PAPERS FOR INSTITUTE OF MATKNAT1CAL STATISTICS
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D r. J .  V.  T u k e y ,  C o n s u l t a n t  f o r  the H i t h t a i t i c i  Paso 1 , s p e n t  J a n u a ry  
22 and 23 ia  Oak R id g e .  H is  a d v i c e  ana  aongkt on M o n ta  C a r l e  p ro b le a s  by 
Jack Mosbaaa aad by D r .  V a l t e r  S n y d e r ;  on b i o a e t r i c s  p r o b le a s  by D r .  A la n  

Conger and by D r .  I la r y  E a th e r  Gee I d e a ;  on a dosage p r o b le a  by D r .  M a rs h a l l  

B racer o f  OR IN S ; aad on aa e co log y  p r o b le a  by D r. L- A. K ru a b o la .  On Tuesday 

even ing  be sp oke  on tb e  a n a ly s is  o f  v a r ia n c e  a t the  f i r s t  a e e t i a g  o f  a s t a *  
t i a t i c a l  s e a in a r  o rg a n is e d  by D r.  A . V.  K ia b a l l ,  Dr. Oeaar C a rp e n te r  o f  K-2S, 
aad Mr. D. Cbaabera  o f  tbe  U n i v e r s i t y  o f  Tennessee.

P r e l i a i n e r y  a r ra a g e a e n ts  b a re  been aade f o r  bav iag  tb e  c a l c u la t i o n s  f o r  
tbe  L - a b e l l  i n t e r n a l  c o n v e rs io n  c o e f f i c i e n t s  aade on tb e  Bureau  o f  S tan d a rd s  
E a s te rn  A u t o a a t i c  C o a p u te r  i a  W a s b ia f t o a .  Ruth A r n e t t e  i a  spend ing  s e v e ra l  
oeeka a t tbe  B ureau  to  a s s is t  in  tbe  p re p a ra t io n  and c o d in g  o f  tbe  p rob lea  fo r  
t b i a  a a c b ia e .  S in c e  tbe  aacb iae  ia  to  be noved to  a e v  q u a r t e r s  i a  March and 
n i l l  t b e r e fo r e  be out o f  c o a a is s io n  f o r  perbepa tee  a o a tb s , c o n s id e ra b le  e f f o r t  
i a  b e ing  aade f o r  c o u p le t  ing aa aoch  o f  tbe  e o rk  as p o s s i b l e  b e fo re  tbe  aove 

ta k e s  p la c e .

The Pane l s e a in a r  i s  non m o a t in g  on Monday a f te rn o o n s  f o r  tbe  d is c u s s io n  
o f  p r o g r e s s in g  and c o d in g  o f  p r o b le a s  f o r  tb e  v a r io u s  e l e c t r o n i c  d i g i t a l  
c o a p u t ia g  n a c h in e s .

Two papers  v a r a  p resen ted  a t  M a th e a a t ic a l  a e e t ia g s  d u r in g  tbe  q u a r te r  by 
A. S. H o u s e h o ld e r :  Polynomia l  I t e r a t i o n s  to  R oo ts  o f  A l g e b r a i c  E q u a t io n s  

( c o n t r ib u t e d ) ,  A a e r ic a n  M a th e a a t ic a l  S o c ie t y ,  N o r th w es te rn  U n i v e r s i t y ,  November 
30 , 1950; A Clmoo o f  I t e r a t i v e  M e th o d s  f o r  S o l o in g  f q a a t i o n s  ( i n v i t e d ) ,  

M a th e a a t ic a l  A s s o c ia t io n  o f  A n e r ic a ,  U n i v e r s i t y  o f  F l o r i d a ,  December 30, 1950. 
A ls o ,  tbe paper Soae /Vuaerica ! M ethods f o r  S o lv in g  S ys tsas  o f  L in e a r  E qua t ions  

appeared i n  tb e  Angus t -S e p te a b e r  i s s u e  o f  the A a e r ica n  M a th e a a t i c a l  M o n th ly .

UNCLASSIFIED
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S P E C IA L  PROBLEMS AND PROJECTS

p r t k l n :  CIBCUIT ANALYSIS P M  TBS K S IS N  ST TSS BLKCTBSNIC BISITAL CSBPUTBB

g r l g l a :  E l e c t r o n i c  Coepeter  P r o j e c t

P a r t i c i p a t i n g  Beakera ef p a e e l :  A. S. Hons‘h o l d e r ,  C. L. Perry ,  M-L- Nelson ,
N. M■ Diseuke, J .  Mosheen

Background: Tke c o n t r a c t  with Argonne National  L abora to ry  fo r  the const  r e c t i  on
of the Oak Ridge coapete r  c a l l a  fo r  sene design r e s e a r c h  ia  order  to  Bake b e s t  
a se  of  t k e  l e s s o n s  le s rn sd  d a r i n g  the c o n s t r a c t i o a  o f  the  p ro to ty p e  Machines  
a t  P r i a c e t o n  and a t  A rgonne .  P a r t l y  in  e r d e r  t o  p a r t i c i p a t e  and p e r h a p s  
e o a t r i b n t a ,  p a r t l y  in o rder  t o  r e a c h  a dec ia ion  on t h e  n l t i n a t e  deaiga,  proposed 
c i r e n i t a  a r e  being a t a d i e d  by nonbers  of the  P a n e l ,  and pe r iod ic  c o n f e r e n c e s  
with  th e  Argonae gronp a re  a a d e r  nay.

The d i g i t a l  ( o a - e f f )  c h a r a c t e r  o f  the  r e sp o n se  o f  the  n l e n e n t s  p e r m i t s  a 
a in p le  r e p r e s e n t a t i o n  e f  the  s t r n c t a r e  sad p r o p e r t i e s  of tke ae teo rk  i n  t a r n s  
of  Boolean a lg e b r a .  Consider  any l i n e ,  whether b ra n c h ia g  or ne t ,  le ad in g  f r o n
a g a te  or  togg le  to  ga tes  o r  to g g le a  or both;  then ,  i a  p r i n c i p l e ,  tke  l i n e  nay  - I
lead f r o n  a point  of aax iaan  p o t e n t i a l  or of n in in n n  p o t e n t i a l  and t h e r e  i s  no
o th e r  p o s s i b i l i t y .  C o n s e q u e n t ly ,  i f  we a s s i g n  any  synbol  a to  t h i s  l i n o ,  a
nay a l s o  r e p r e s e n t  tke  a s s e r t i o n  tha t  tke l in e  l e a d s  f r o n  a point  of  n i n i n n n
p o t e n t i a l  w h i le  a* r e p r e s e n t s  t h e  c o d t ra ry  a s s e r t i o n .  Toggles and g a t e s  t h e n
r e p r e s e n t  l o g i c a l  op e ra to r s . -  I f  a and y a re  i a p n t s  t o  an " s a d "  g a t s ,  t h e
o a t p a t  i s  ay  ("« end y " ) ;  i f  t h e y  a re  i a p n t s  t o  an "o r" '  g a t e  the  o n tp n t  i s
say ("« o r  y”-); i f  they are  i a p n t s  on the r i g h t  and l e f t ,  r e s p e c t i v e l y ,  t o  a
to g g le ,  t k S 'O a tp e t  os ihe l e f t  a f t e r  the toggle  h a s  had t i n e  to  change o v e r  i s

«<« ♦ 1) * »<«)*(*> v y ( «> .

where t end f ♦ 1 r e p r e s e n t  t h e  t i n e s  j a s t  be fo re  and j e s t  a f t e r  t h e  c h a n g e 
over ,  i f  any .  Tke oa tp a t  on t h s  o th e r  s id e  i s  » ' ( *  ♦ 1 ) .  (Hence tke  o n t p n t  
of  every  to g g le  i n  a network a t  t i n e  t can be e x p r e s s e d  as  a l o g i c a l  f a n e t i e n  
e f  tke  s t a t e s  a t  t i n e  * • 1 and e f  the  s i g n a l s  which  e n t e r  tke  networh f r o n  
tke  o n t s i d e  a t  t k a t  t ine  J Alaq by success ive  s u b s t i t u t i o n ,  the  oa tpa t  a t  t i n s  
t caa be e s p r a s a a d  aa a l o g i c a l  f a a c t i e a  of the a t a t e a  o f  the  to g g lea  a t  any

7 UNCLASSIFIED
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p r i o r  t im e  * * r ,  and o f  th e  in com ing  s i g n a l s  a t  a l l  t iaM S f r o o  t  -  r  u n t i l  
* - 1. C o n ve rse ly ,  the re q u ire m e n ts  o f  a n e te o r k  can be expreseed i n  th e  same 
te rm s  and the n e te o rk  can be d ra on  ap from th e  d e s c r i p t i o e .

S t a t e * .  Argonne i s  p r o v i d i n g  p roposed  w i r i n g  d ia g ra m s  o f  t k a  v a r i o a s  c o n 

s t i t u e n t s  o f  t k a  m a ch ine , and th e  a n a ly s is  i s  j a s t  b e g in n in g .

p re S la e :  ITBBATIV I BBTSSSS r *B  SSLVINB BSU4T1SNS 

P a r t t c  t p a t i  ng ■ember o f  f a s s l :  A. S. H o u s e h o ld e r

O r i g i n  and Background: S in c e  th e  n u m e r ic a l  s o l u t i o n  o f  an a q n a t io m  o f  some 

form  o r  o th e r  i s  'h o  o b j e c t i v e  o f  a lm ost any c o m p u ta t io n ,  the deve lopm en t and 
im p ro ve m e n t o f  methods f o r  s o l v i n g  a q u s t io a s  i s  an e v o r -p re s e n t  p ro b le m  f o r  

any c o m p u ta t io n  l a b o r a t o r y .  Ve summarise h e re  some o b s e rv a t io a s  and r o s u l t s  
oa th e  methods o f  B e r n o u l l i  and o f  Newton f o r  s o l v i n g  an a q u a t io n  i a  oaa u n 
known. Newton ’ s method i s  g e n e r s l i s a b le  t o  s sys tem  o f  e q u s t io n s  and avaa to  
f u n c t i o n a l  e q u s t io n s  — i n  f a c t ,  the  g e n a r a l i  s a t i o n  in c lu d e s  such c l s a s i c a l  
m e th o d s  as th a t  o f  P ic a r d  f o r  s o lv in g  d i f f e r e n t i a l  a q u a t io n s .  B o th  methods 
a re  s a I f - c o r r e c t i n g .

B e r n o u l l i ’ s method i s  g e n e r a l l y  s ta te d  fo r  an a lg e b ra ic  a q u a t io n  / ( s )  3 0 
o n l y .  I t s  a p p l i c a t i o n  t o  t r a n s c e n d e n ta l  e q u a t io n s  does n o t  seen t o  appea r in  
the  l i t e r a t u r e .  However, a theorem due to  K o n ig  [Math.  Ann. g, 530-40 (1 8 7 6 ) ]  
can be a p p l ie d  t o  show t h a t  i f

and i f

/< *)  = • ,  ♦ «,* ♦ • , * *  ♦ . . • ,

g ( s )  *  A, ♦ b ,x  ♦ 6 , * *  ♦ .................

i s  any  f u n c t i o n ,  a n a l y t i c  i a  « c i r c l e  about th e  o r i g i n  which c o n ta in s  i s  i t s  

i n t e r i o r  the ro o t  a o f  s m a l l e s t  modulus o f  /  z  0 ,  assuming such to  e x i s t ,  than , 
p ro v id e d  o n ly  g (a )  f  0, th e  c o e f f i c i e n t s  A i n  the  oxpans ion

« / /  *  A# ♦ A ,*  ♦ Af s *  ♦ . . .

8 UNCLASSIFIED
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are  each t h a t

l i e  \  / h , M

A la o ,  theae c o e f f i c i e n t *  A are g iven  by

wh ich  reduces to  B e r n o u l l i  'a  a l g o r i t h m  when /  i a  a po lynom ia l  and f  a p o l y n o n ia l

way the  p r o d n e t s  o f  r o o t a  o f  a a i a l l o a t  n o d u lu a  are o b t a i n a b l e ,  a f a c t  wh ich  
p a r a i i t a  the  c o n p u t a t i o a  o f  two e r  a o re  r o o t a  o f  e q u a l  m o d u l u s .

Newton 's  method  i a  one o f  a c la a a  i n  wh ich  froai tha f u n c t i o n  /  one con-  

a t r u c t a  a f u n c t i o n  ^  auch t h a t  whenever * e i a  i a  a a u f f i c i e n t  1 y emai l  a e ig h b o r -  
hood o f  a r o o t  a t h e  aequence d e f i n e d  by t h e  re c u ra io n

coavergea t o  a .  Hence  $ ( a )  = a and t> mrnat have tha fo re  i> ~ x . f\p f o r  aone 

4> ■ Newton’ a method u t i l i a e a  tha a p e e i f i c  ch o ic e  ^  *  1 / / * ,  and i t a  r a p i d  coa -  
vergence dependa upon the f a c t  t h a t  ( a )  *  0, no t h a t  ia  the e a r -  o f  a m a ly t i c i t y

Thera  a re ,  how eve r ,  o t h e r  c ho icea  o f  ^  w i t h  the name p r o p e r t y ,  and, i a  f a c t ,  

oaa can chooae > eo  t h a t  a t *  a f  *  a s *  t , , *  a f>J *  0 f o r  a n y  r .  Ia  t h i e  
caae th e  i t e r a t i o n  d e f i n e d  by $ ( s )  i a  a a i d  t o  be o f  o rder  r .  S e v e ra l  ne thoda  
a re  known f o r  o b t a i n i n g  i t e r a t i o n a  o f  a r b i t r a r y  o r d e r ,  one o f  wh ic h  i s  deduc t -  
b l e  f r o n  the  name t h e o re m  o f  Koa ig m e n t i o n e d  above .  In  p a r t i c u l a r ,  whan /

o f  lower d e g re e .  Mor< by f o r m in g  d e t e r m i n a n t s  o f  t h e  A ’ e i n  the  uaua l

$ ( * )  *  a ♦ a f  (x -  a ) *  *
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i s  a p o l y n o m i a l  i t  u  p o s a i b l a  t o  c h o o a e  $  t o  b« a p o l y n o m i a l ,  w h a t e v e r  o r d e r  

may be r e q u i r e d  f o r  t b e  i t e r a t i o n .  A m e t h o d  baa been d e v e l o p e d  f o r  c o n s t r u c t i n g  

such  i t e r a t i o a a  m oc k  more a i m p l y  t h a n  b y  aay  method p r e v i o u s l y  known.  The 

p o s s i b l e  u s e f u l n e s s  o f  t h i s  l i e s  i n  t h e  f a c t  t h a t  w i t h  some c o m p u t i n g  machiaes  

d i v i a i o a  i s  a p r o c e s s  t o  be a v o id e d  i f  p o s s i b l e ,  but  more i n  t h e  f e e t  t h a t  i t  

p e r m i t s  an e x t e n s i o n  o f  th e  method t o  number  f i e l d s  o f  muck m o re  g e n e r a l  t y p e ,  

s h a r e  d i v i s i o n  may oven  be i m p o s s i b l e .  An a p p l i c a t i o n  t o  t h e  e q u a t i o n

/  ■ ex -  1 *  0

s h o r e  a i s  a u a t r i x  and s ,  i t s  i n v e r s e ,  y i e l d s  a c l a s s  o f  i t e r a t i v e  methods  

f o r  i n v e r t i n g  t h e  m a t r i x  e ,  one m e t h o d  o f  t h e  c l a a s  b e i n g  c l a s s i c a l .

T h i s  s u b j e c t  i s  e l a b o r a t e d  i n  th e  p a p e r s  p r e s e n t e d  at  t h e  m e e t i n g s  o f  the 

A m er i c an  M a t h e m a t i c a l  S o c i e t y  and o f  t h e  M a t h e m a t i c a l  A s s o c i a t i o n  o f  As .c r i ca ,  

m e n t io n e d  ab o v e .

problem: COUNTS! STATISTICS

p a r t i c i p a t i n g  sam bora o f  p a a e l:  G. E. A l b e r t ,  M. L .  N e l s o n

•  r l g l a  and B ackground: Each p a r t i c i p a n t  i n  t h i a  p ro b le m  haa a e p a r a t e l y  had

i n q u i r y  f r o m  L a b o r a t o r y  p e r s o n n e l  and o t h e r s  i n  r e g a r d  t o  t h e  s t a t i a t i c a  o f  

c o u n t i n g .  S i n c e  t h e  p ro b le m  i s  o f  u n d o u b t e d  im p o r t a n c o  and s i n c e  i t  a t t r a c t s  

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

Vo have found  a l a r g e  and u n s a t i s f a c t o r y  l i t e r a t u r e .  To us  i t  a p p e a rs  h i g h l y  

d e s i r a b l a  t o  a t t e m p t :

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

2 .  C a r e f u l  f o r m u l a t i o n  o f  the  i m p o r t a n t  p rob lems  w h ic h  need  s o l v i n g .

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

Comment and a s s i s t a n c e  as  t o  t h e  k i n d  o f  a n a l y s i s  sad t y p e  o f  r e s u l t  moat 

needed by t h o a e  who  eagage  i n  c o u n t i n g  r a d i o a c t i v i t y  i s  i n v i t e d .  I t  n a y  be 

w o r t h  o b s e r v i n g  t h a t , a s  u s u a l ,  the  p r o b le m  c o n s i d e r e d  i s  m a t h e m a t i c a l l y  s i m i l a r  

t o  o t h e r s  a r i s i n g  f r o a  o t h e r w i s e  d i a e i m i l a r  o r i g i n s .
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R e fe r e n c e s

( 1 )  W. F e l l e r ,  On P r o b a b i l i t y  P r o b l e m*  i n  t h e  T h e o r y  o f  C o u n t e r s ,  
S t u d i e s  and Essays p r e s e n t e d  t o  R. C o u r a n t  o n  h i s  6 0 t h  B i r t h d a y ,
1948 -

( 2 )  S.  M a l a q u i s t ,  "A S t a t i s t i c a l  Prob lea C o n n e c t e d  e i t  h the C o u n t i n g  
o f  R a d i o a c t i v e  P a r t i c l e s , "  Ann. Mat h ,  St  a t .  i s ,  255*264 ( 1 9 4 7 ) .

( 3 )  C R. R l y t h ,  " S t a t i s t i c a l  P rob lem s  i n  t h e  T h e o r y  o f  C o u n t e r s "  
( a b s t r a c t ) ,  Ann. M a t h ,  S t a t . 26, 464 ( 1 9 4 9 ) .

( 4 )  H. C r a a b r ,  Mat hema t i c m l  M e t h o d t  i n  S t a t i s t i c s ,  pp.  5 1 0 - 5 1 1 ,
P r i n c e t o n  U n i v e r s i t y  P r e s s ,  P r i n c e t o n ,  N J , 1946 .

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

i a p i n g e  on a c o u n t e r  a t  th e  aean r a t e  o f  a c o u n ts  p e r  eecond  where a i a  a c o n 

s t a n t ,  and t h a t  the a c t u a l  n u a b e r ,  A T ( t ) ,  o f  p a r t i c l e s  a r r i v i n g  i n  an a r b i t r a r y  

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

w i t h  aean a t ,  i . e  . ,

. ( •»)*
Pr < N _ ( t )  *  s> =• •  * * ---------  ( 1 )r  f  M I

Ow ing  t o  a d e a d  t i a e  e f f e c t  th js  c o u n t e r  does n o t  n e c e s s a r i l y  r e g i s t e r  a l l  

p a r t i c l e s  t h a t  i a p i n g e  upon i t .  R e f e r e n c e s  1 and 2 d i s t i n g u i s h  two t y p e s  o f  

dead t i a e  e f f e c t :

T y p e  I .  A r e g i s t r a t i o n  by  th e  c o u n t e r  a t  an i n s t a n t  t '  cauaas  
t h e  c o u n t e r  t o  l o c k  f o r  a t i a e  i n t e r v a l  u > 0 a o  t h a t  i t  c a n n o t  
r e g i s t e r  any f u r t h e r  p a r t i c l e a  t h a t  a r r i v e  d u r i n g  t h e  t i a e  i n t e r v a l  
( *  * , * '  ♦ a), bu t  i t  w i l l  r e g i s t e r  t h e  n e x t  p a r t i c l e  a f t e r  t '  ♦ u.

T y p e  I I .  A r e g i s t r a t i o n  b y  th e  c o u n t e r  a t  an i n s t a n t  t '  causes  
i t  t o  l o c k  f o r  a t i a e  i n t e r v a l  u > 0,  and any p a r t i c l e  i a p i n g i n g  upon 
t h e  c o u n t e r  a t  an i n s t a n t  t *  w h i l e  t h e  c o u n t e r  i n  l o c k e d  w i l l  e x te n d  
t h e  d e e d  i n t e r v a l  t o  t "  ♦ a .

To d i s t i n g u i s h  the  two t y p e s  p h y s i c a l l y ,  n o t e  t h a t  i f  the r a t a  a i s  v e r y  

l a r g e ,  T y p e  I  w i l l  r e g i s t e r  a p a r t i c l e  e v e r y  u s e c o n d s  w h i l e  Type I I  w i l l  

r e g i s t e r  o n l y  one p a r t i c l e -
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In r e f e r e n c e  1 i t  i n  i n d i c a t e d  t h a t  tb e  dead t i n e  e f f e c t  i n  an a c t a a l  
c o u n te r  i a  l i k e l y  a o a e e h e re  be tween  t h e  t e o  i d e a l i t a t i o a a  i n t r o d u c e d  above.  
The au tb o ra  o f  t h i a  r e p o r t  a re  a o l i c i t i a g  c o n c re te  a u t h o r i t a t i v e  i n f o r a a t i o n  
on t h i a  a a t t e r .

F e l l e r  c o n a i d e r a  the  c a l c u l a t i o n ,  f o r  b o t h  t y p e a  o f  c o u n t e r ,  o f  t h e  
popu la t ion  nean and a t a n d a r d  d e v i a t i o n  o f  the count Nf ( t )  r e g i a t e r e d  in a t i a e  
i n t e r v a l  o f  l e n g t h  t which begina a t  an  i n a t a n t  when the  c o u n t e r  i a  un locked .  
In a d d i t i o n ,  he g i v e n  aoae i n d i c a t i o n a  on how to  p ro cee d  w i t h  a i a i l a r  e a t e n - 
l a t i o n a  under a o r e  gene ra l  a a a u a p t i o a a  th a n  Eq. ( 1 ) .  M a la q u i a t  c o n a id e ra  on ly  
the  Type I c o u n t e r .  He dropa  the  a a a n a p t i o n  o f  Eq.  ( 1 )  a l a o e t  e n t i r e l y  and 
a t t e n p t a  to  r e a o v e  the  r e a t r i c t i o n  t h a t  t h e  c o u n t e r  b e  u n l o c k e d  a t  t h e  
b e g i n n i n g  o f  t h e  c o u n t i n g  i n t e r v a l .  The a u t h o r a  u f  t h i a  r e p o r t  a r e  n o t  
r e c o n c i l e d  w i t h  c e r t a i n  d i a t r i b u t i o n  a a a u a p t i o n a  t h a t  M a l a q a i a t  i n t r o d u c e a  in  
the  development o f  h i a  th e o ry .

N e i the r  o f  r e f e r e n c e a  1 or  2 c o n a i d e r a  the p r a c t i c a l  p r o b l e a  of  e a t i a a t i n g  
t h e  ao u rce  r a t e  e f r o n  an a c t u a l  c o u n t  Nr ( t ) .  The f  i  r a t j  cona  i  de r  a t  ion  o f  
t h i a  p rob lea  a e e a a  to  be in  r e f e r e n c e  3 where the maximum l i k e l i h o o d  aethod o f  
e a t i a a t i n g  t h e  r a t e  a i a  a t u d ie d  f o r  a Type I c o u n t e r .  One o f  the au thora  o f  
t h i a  r e p o r t  h a a  a t t a c k e d  the p r o b l e a  by th e  a e th o d  o f  c o n f id e n t s *  i n t n r v a l a .  
The r e a u l t a  w i l l  be rev iewed in p a r a g r a p h  2 below.

The a a a u a p t i o n  t h a t  the d i a t r i b u t i o n  of  the nuaber  o f  p e r t i c l e a  a r r i v i n g  
a t  tbe c o u n te r  i a  g iven  by Eq. (1) w i t h  a cona tan t  appear a t o  be t a n tan o u n t  t o  
aaaua ing  t h a t  t h e  aource  haa a very  l o n g  r a d i o a c t i v e  h a l f - l i f e .  The a u th o ra  
propoae to  a t u d y  t h e  a t a t i a t i c t l  p roblem* a r i a i a g  i a  the  c o u n t i n g  o f  p a r t i c l e a  
f r o n  a a o u r c e  w i t h  a a b o r t  h a l f - l i f e  l a  t h i a  caa e  i t  a p p e a r a  to  be q u i t e  
d i f f i c u l t  t o  f o r m u l a t e  the  p rob lem e.  T h ia  w i l l  be d i a c u a s e d  i a  pa rag raph  3 

ba low .

3- Typt  I  C o u n te r ;  Confidence i n t e r v a l *  for  a .  P r o c e e d i n g  f ro n  formulna 
d a r i v e d  by F e l l e r  i n  r e f e r e n c e  1 ,  i t  i a  ahown t h a t  f o r  a n y  i n t e g e r  a t b e  
p r o b a b i l i t y  t h a t  t h e  count  Nr ( t )  r e g i a t e r e d  in  an i n t e r v a l  o f  l e n g t h  t b e g i n 
ning at  an i n a t a n t  when the  coun te r  i a  un locked  i a  g iven by

Pr {Nr { t )  > a)  = ,
0,  i f  a  *  ( t / u )  ♦ 1,

«»

T V K* * . * / * ! ,  i f  a < ( t / n )  ♦ 1,
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•here  *  • {  * -  (a  - l ) a } .  The suaaation is  e a s i l y  reco g n ised  ss the upper 
t a i l  o f  the  Poisson d i s t r i b u t i o n  w ith the seas sad so css be coaputed from  

ta b le s  o f  t h a t  d is t  r ib s t  i o n . A l t e r n a t i v e l y ,  th e  snnaietion nay be c o ap u ted  

f ro a  t a b l e s  o f ,  or a p p ro x ia n te  fo r a u la a  f o r ,  the  in c o a p le te  gaana f u n c t io n  

s in ce

V/4- ■ j i . .  ( J )

For any f i x e d  v a lu e s  o f  th e  o b s e rv a t io n  t i a e  t and the deed t i a e  a ,  
confidence  in t e r v a ls  for the source r a te  u aay be o b te ia e d  f ro a  Eq. ( 2 )  by a 
• e l l - k n o w n  s t a t i s t i c a l  a a th o d  (see  re fe re n c e  4 ) -  The procedure is  r a t h e r  
in v o lv e d  f o r  cases in  which  th e  count f f ( t )  i s  s a a l l .  I t  i s  p lanned t h a t  

c o n fid e n ce  i n t e r v a l  c h a r ts  w i l l  be prepared f o r  easy uaa by e x p e r i a e a t e r s . 
When the count is  largo an a p p ro x ia a t io n  for the i n t e g r a l  in  Eq. (3 )  s in p l  i f  iea  
.the procedure a a t e r i a l l y .  Fo r aay  assigned p r o b a b i l i t y  p, 0 < p < 1, l o t  
be such t h a t  fo r  a normal v a r i a t e  x, Pr ( | x |  A ) *  p. For exaap le , i t  p * 
0 .9 5 ,  *  1 .9 6 .  Then a 100 p e rc e n t  con fidence  i n t e r v a l  fo r  the r a te  •  i s
g iven  by

# r ( t >  ♦  % 'f^ T T T

* - [ * , ( * )  - 1]*
( 4 )

approxiaa t e l  y .  /V , ( t )  ia  the observed count ia  t i a e  * ,

T h is  r e s u l t  in d ic a te a  t h a t  the center o f  the  i n t e r v a l

# r < t)

« -  [ # ,< * )  - l j o

nay be th e  boat point e a t ia a t e  f o r  o. In a d d it io n ,  th o  length
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iM'fitJJ)

t  -  [ * , < « )  .  i ] «

of  the  i n t e r v a l  provides  s h i t h e r t o  unknown i n d i c a t i o n  o f  the  r n l i n b i l i t y  of 
the  e s t i a a t e .  Cau t ion ;  th e  i n t e r v a l  of Eq. (4 )  shou ld  no t  be used a a l a s s  
HT (*) e x c e e d s  100.

The corresponding  r e s u l t  f o r  Type I I  counter  baa  not been achieved a t  the  
presen t  d a t e .

3. B as ic  Probabi l i t y  As swaption* e /  A e d io ac t ie e  Decay. In t h i a  pa rag raph  
we e a t  dean  t h e  r e e a l t a  o f  aone c o ap u ta t io n e  o f  which aee  haa ne t  y e t  been 
aade.  They cone oet o f  an e f f o r t  t o  etady c l o a e l y  th e  g e n e ra l  aaap le  which a
" c o u n te r "  i e  naked to " c o u n t . "•

i
( a )  The Exponent ia l  Lew o f  Decay. I t  ie  g e n e r a l l y  asauaed

( i )  t h a t  the p r o b a b i l i t y  p ( t ) ,  for t > 0, t h a t  a r a d io a c t i v e  a t o a  
d i e i n t e g r a t e a  during t h e  t i n e  i n t e r v a l  ( f ,  r  ♦ t )  i e  independent of  v .

Ve have,  where the randoa v e r i b l e  f  i s  the t in e  o f  d i a i n t e g r a t i o n ,

F<£ > • I < > « - r )  HC > « • r )  ■ P{§ > * - r, £ > t ) ,  r  < t .
e

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

.« « 0, p i t )  * 0;  0 < t .  p ( t )  = 1 - exp ( -At)  (5 )

where th e  c o e e t s a t  k  i s  th e  r e c i p r o c a l  of the  i n v e r s e  e - l i f e .

When n o r e  than one a i a i l a r l y  r a d io a c t i v e  a to n e  e r e  p re sen t ,  i t  i s  f a r t h e r  
asauaed

( i i )  t h a t  the  i n d i v i d u a l  a tone  decay i a d e p e n d e a t l y .

Thus i f  t h e r e  e r e  a a c t i v e  a t e a e  p r e s e n t ,  th e  p r o b a b i l i t y  Pk o f  e x a c t l y  h 
d i s i n t e g r a t i o n s  in  t i n e  t i a

*k *  (h) F ‘ ( 1  *  P ) m ' k * * * 0 , l ..........................................n
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H i t  u m  number o f  a tOM re g a in in g  at t i a a  t  i s  a ccord ing ly  • a s p ( - V t ) .

(b)  D i s t r i b u t i o n  o f  Tiaa Botaaaa D i a i n t e g r a t i o n a .  For » -  l ,  2 ,  . . . .  i f ,  
l o t  t .  doaota the t i a a  o f  tbo »th d i s i n t e g r a t i o n ,  supposing n a t o a s  a ro  a c t iv e  
■ t  t i a a  so ro .  These a r o  raadoa  v a r i a b l a s  and o i t h  then oo c o n s i d e r  the  
r a s d o n  v a r i a b l e s  £ } d e f i n e d  thno;

( e)  D i s t r i b u t i o n  o f  Tiaa  U e t i l  Neat D i a i n t o g r a t i o n .  S t i l l  snppeo ing  n 
a c t i v e  a toaa  aro p r o s e a t  a t  t i a a  aero,  l o t  M ead N be the raadoa v n r i a b l a a :  M 
tbo  aaabor o f  d i s i a t e g r  a t  io ns  i a  (0,  r ) ;  and H,  tb a  nuaber of d i a i n t e g r a t i e n s
i n  (v ,  r  ♦ e ) .  I t  f o l l o e a  t h a t  for k s 0, 1,  2,  . a .

Danoto by (  tba  t i a a ,  aaasurad  f r en  r  > 0, u n t i l  tba  f i r  a t  d ia  i a t a g r a t i o a  
l a t e r  than r ,  or to  tba  one nea t  preceding r  i n  caaa  a l l  a atoaa d i a i n t e g r a t a d  
p r i o r  to  r .  Tba d i a t r i b n t i e a  e f  £ ia

) 0 , 1 , 2 ,  • • • , a  - 1,

I f  s o  aaauae t h a t  X .  and a ra  independent raadoa  va r iab lea ,  ee f in d

> • t  « 0 4 t )  = 0;

0 4  < P(€j  < * ) * ! •  oap [*(" * /> * * ] •

whore

Q •  1 - P and P ■ aap ( - X r ) [ l  - e rp  (* \» ) ] .
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* < -r. Pi t  € *) ~ 0

- r  4 * 4 0. P(£  <  t )  = {1 *' exp [ . \ ( r  ♦ *)])■
I
!

0 < *. P(S  4  t )  = 1 4 [1 .  e *p  ( -At )]" 4 -

- (1 - exp ( A r )  ♦ exp [ - M r  ♦ * ) ] > " •

Problem; BASIC STUB IB* IN TBS BtNTB CAB LB BBT BOB 

p a r t i c i p a t i n g  B eaker  a f  p u d :  (h E. A l b e r t

Btbtom:

R e f e r e n c e

A. S. H o u s e h o ld e r ,  "B as ic  S t u d ie s  i n  t h e  Moate Car lo  M e t h o d , " B e t h s *  
ne t  t c s  Pant l Q u a r t e r l y  progre t t  Repor t  fo r  the Period Ending J u ly  31,
1950, ORNL'818, 10 ( S e p t .  11, 19S0).

■ Aa in fo rm al  s e s o r a n d u n  on the s o l u t i o n  of  F red h o le  i n t e g r a l  e q u a t i o n s  by 
t h e  Monte C a r l o  m e t h o d  i s  be ing  p r e p a r e d .  Two r e l a t e d  p a p e r s ,  ( 1 )  Quota 
Soup l ing  and Im por tance  F u n c t io n s  in S t o c h u e t i c  So lu t io n  o f  P a r t i c l e  Problem  
by  G. G o e r t s e l ,  NBA. J une  21* 1949, and ( 2 )  A Monte Carlo Method for  S o lo ing  a 
C l a s s  o f  In teg ra l  E q u a t i o n s  by R; E. C u tk o s k y ,  N at iona l  Bureau o f  S ta n d a rd s  a t  
Los A ngeles ,  e i l l  be  co u p a re d  and redone t o  f i t  th e n  i n t o  t h e  g e n e r a l  p a t t e r n

I

o f  the  t h e o r y  b f  s t o c h a s t i c  p r o c e s s e s  a s  p r e s e n t e d  by J.  L* Doob and o t h e r s .  
T h i s  procedure l e a d s  t o  a c l e a r  u n d e r s t a n d i n g  o f  the  c o n te n t s  o f  t h e  pape rs  and 
o p e n s  up p o s s i b i l i t i e s  f o r  a s y s t e n s t i c  s t n d y  and c o m p a r i s o n  o f  v a r i o u s  
s a m p l i n g  t e c h n i q u e s  and d i s t r i b u t i o n s  f o r  t h e  s o l u t i o n  o f  c e r t a i n  t y p e s  o f  
i n t e g r a l  e q u a t i o n s .

p rob lem : TBBBBAL-NBCTKON PLUS BI8TBIB1ITIBN8 BBSN AIB VBIBB ABB PBBSBNT
i

g r f t g i a :  Dr. R. L. E c h o l s ,  NEPA
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p a r t ic ip a t in g  ■•■Par a t panel: D. V. Whitconbe

Background: The  r e p o r t ,  O W L-199 ,  w h ich  c o n t a i n s  t h e  t h e m e  1 - n e u t r o n  f l e x
d i a t r i b u t i o n a  f o r  a v a r i e t y  o f  s h i e l d  a a t o r i a l a  t h a t  c o n t a i n  a i r  v o id s  w i l l  
soon be i s a a e d .  Problems a r e  s o l v e d  where the s h i e l d  a a t e r i a l  c o n t a in s  one ,  
two,  or  t h r e e  a i r  v o i d s  and f o r  a a t r e i g h t - t h r o u g h  a i r  d u c t .  Moat p r o b l e a a  
a r e  s o lv ed  f o r  f i n i t e  as  w a l l  aa i n f i n i t e  g e o w e t r i e s .  A p r o b l e a  i s  i n c l u d e d  
t o  i n d i c a t e  t h e  e f f e c t  o f  s h i f t i n g  a v o i d .  Moat o f  t h e  s o l u t i o n s  a r e  a c c o a p a -  
n ie d  by t r a n e a i s s i o n  p l o t s  w hich  show th e  i n c r e a s e d  f l u x  t r a n s a i a s i o n  due t o  
the  p re a e n c e  o f  t h e  v o id a .  The a a j o r i t y  of  the p r o b l e a a  a r e  so lved  for  two- 
d i a e n a i o n a l  r e g i o n s ,  b u t  one p r o b l e a  i a  i n c l u d e d  f o r  a t h r e e - d i a e n a i o n a l  
r e g i o n  w i t h  tw o  a i r  v o i d a .

In a l l  c a s e a  ' t h e  d i f f u s i o n  e q u a t i o n  was r e d u c e d  t o  l i n e a r  d i f f e r e n c e  
e q u a t i o n s  w h i c h  were s o l v e d  on t h e  F a i r c h i l d  l i n e a r  e q u a t i o n  s o l v e r .  The  
ae thod  o f  s e t t i n g  up the d i f f e r e n c e  e q u e t i o n s  i a  e x p l a i n e d  i n  d e t a i l  in  t h e  
p r e c e d i n g  q u a r t e r l y  p r o g r e s s  r e p o r t  (OftNL-888). A p l a n e  s o u r c e  o f  t h e r a a l  
n e u t ro n s  ( i a o t r o p i c  or  c o l l i a a t e d )  i s  used with  t h e  b o u n d a r y  c o n d i t i o n  t h a t  
t h e  r e t u r n  n e u t r o n  c u r r e n t  s h a l l  v a n i s h .

A a o r e  e x a c t  r e p l a c e a e n t  f o r  t h e  L a p l a c i a n  i n  t h e  d i f f u s i o n  e q u a t i o n  
than  th a  f i r e t - o r d a r  d i f f e r a n c e  a p p r o x i n a t i o n  waa a l s o  a a d e .  This  p e r a i t t e d  
c a l c u l a t i o n s  o f  th e  s t r e a a i n g  aa w e l l  as  an e s t i a a t e  o f  t h e  e r r o r  to be a a d e .  
The e r r o r  in  t h e  r e p l a c e a e n t  fo r  th e  L a p la c i a n  waa found t o  be of  the o r d e r  o f  
20 t o  25 p e r c e n t .

problea: BTBABf-BTATB MEAT TBANSPEB IVI TO PLUS PLM IN A SKCTOt OP A CIBCLK

Origin; H. C .  C l a i b o r n e ,  Reac tor  Techno logy  D iv i s io n  

p a r t ic ip a t in g  le a k e r  o f panel: D. V. Whitcoaba

Background; T h i a  i s  an e x t e n s i o n  o f  t h e  work d e s c r i b e d  i n  t h e  p r e v i o u e  
q u a r t e r l y  r e p o r t  (ORNL-888) which p e r t a i n e d  to  a 60* s e c t o r  o f  a c i r c l e ,  and 
which has  been  i s s u e d  as  GRNL C e n t r a l  F i l e s  No. 5 0 -1 1 -7 7 .  Ih e  purpose o f  t h e  
p r e s e n t  work i s  t o  f in d  a s o l u t i o n  when the  angle of  th e  s e c t o r  i s  p v /q  where 
p and q a r e  p o s i t i v e  i n t e g e r s ,  I t  i s  c l e a r  t h a t  t h i s  c a s e  w i l l  i n c l u d e  t h e  
ca s e  where t h e  a n g l e  o f  the  s e c t o r  i s  60°.

17 UNCLASSIFIED



UNCLASSIFIED

P r a k lN :  AN I NT BANAL EVALUATION

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

P a r t i c i p a t i n g  I t s b s r  of  panel; D. V. Whitcoabe  

Background; The i n t e g r s l

1 ( a )  * J , * , - * * - « / / *  4*

•

occurs  i n  s t u d i o s  on ths  harden ing  o f  n e u t r o n s ,  The i n t e g r a l  can be a p p r o x i -  
a a t e l y  e r s l u a t e d  u s i n g  t h e  m e th o d  o f  s t e e p e s t  d e s c e n t .  Mr. N o d e r e r  e s s  
i n t e r e s t e d  in t h e  c a s e  in  which a  was a s a s l l  p o s i t i v e  number end in t h i s  case  
the  method o f  s t e e p e s t  d s s c e n t  r e q u i r e s  some s l i g h t  n o d i f i c s t i o n  as f o l l o w s :

Lot

»
1 ( a )  *  j  #-*<«> i t ,

a
where

f i(s )  * ** + jUL - 2 log s .
■J *

The method o f  s t e e p e s t  d e s c e n t  works w e l l  on ly  i f  E( m) h a s  a s t e e p  minimum and 
i n c l u d i n g  th e  " - 2  log  i "  t e r n  in  t h e  exponent  i n c r e a s e s  t h e  p o s i t i v e  root  and 
g i v e s  a more a c c u r a t e  r e s u l t .  I f  * # i s  d e f in e d  by

* ' ( * , )  = 2*f

then  I  i s ,  a p p r o x i m a t e l y ,

/  * , * « ( *
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P rob lem  EVALUATION OP / ( • )  * j c o i ’ 8 e*7'* ’ 9 ii d .

Or I t  la ;  J .  V. W ebster, ANP (NEPA) 

p a r t i c i p a t i n g  leaker of p a a e l ;  D. W. V h itc o ab e  

Oackgroaad: I f  i a  I  the  rep la cem e n t  i s  aade

coe 8  * 1 /* ,

th e n  wo aay w r i te

1 *17 dx  .

.1 Now (1 - ! /«* )■ •  eaa  bo ro p la c o d  by tbe  oo r io o

HBe 1
C -  *! **■

wboro

ft-fflfHfH •••(*-♦-]•

I 
1

Then wo eaa  w r i to

A  ( f t
i  * 2 j  — * . « < • >
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t k t r *

•  #*es

A ( • )  * --------  <**•
~ J * ■

Sine*  the exponen t ia l  i n t e g r a l *  f  n a re  t a b u l a t e d ,  t h e  . e t t e r  e x p r e a e i o n  
for I  a e r r e i  as the r e s u l t .  The r e s u l t  for  /  can be nade e a s i e r  to co ap n te  by 
p u t t i n g  E n i n  th e  forn

*.(•> * ?. ♦

• h e r e  P m and (?A a re  p o l y n o n i a l s .  This a i n p l i f i c a t i o n  was nade in th e  paper 
s e n t  t o  Mr. Webster.

Problem: •■TAILED TBBBBAL-FLtlX DISTRIBUTIONS

• r l g i a ;  Dr. A. L. Echols ,  NEPA

p a r t l c i p a t l a g  l enbar  at p a n e l:  D. W. Whitcombs

Background: The the rea l  - n e u t ro n  d i s t r i b u t i o n  f o r  a block of c o n c r e te  w i th  an
a i r  v o id  ia  being found f o r  a plane or i s o t r o p i c  p lans  source  of n e u t r o n s .  
T h i s  p ro b le n  d i f f e r s  f r o a  p reced ing  p rob leas  i n  t h a t  i t  ia  such l a r g e r .  The 
s h i e l d  a a t s r i a l  i s  d i v i d e d  up i n t o  312 c a l l s ,  i . e . ,  the l i n e a r - d i f f e r e n c e -  
a q u a t i o n  a p p r o x in a t io n  t o  th e  d i f f u s i o n  a q u a t i o n  haa 312 unknowns. I t  was 
found  t h a t  the  F a i r c h i l d  l i n e a r  a q u a t i o n  s o l v e r  would have t o  be a o d i f i s d  
b e f o r e  the  s o lu t io n  could bo ob ta ined .  The n o d i f i e a t i o a  haa been nade but the 
s o l u t i o n  ia  not  yet  o b t a i n e d  because of the  b ack lo g  of problona a w a i t i n g  tko 
F a i r c h i l d  n a ch ia a .

A a o r i e s  of p ro b lo n a  haa  been prepared  f o r  the  F a i r c h i l d  n a c h i a a  whore 
th e  s h i e l d  m a te r i a l  i s  v a r i a b l e  bo th  aa t o  a i a e  and a h io ld  co m p o s i t io n .  The 
c o n f i g u r a t i o n s  a l l  c o n t a i n  c o n t in u o u s  a i r  v o i d s  with  two r i g h t * a n g l e  bands.  
Those problona have bean coded for the machine and should a l l  bo s o l v e d  a one 
t i n e  d u r in g  February.  The f i r s t  t h r e e  of tho s e r i o a  have been comple ted  with 
no d i f f i c u l t y .
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p r t f e l n :  SAMPLE CBITEBISN P M  TEST I MS OUTLTINS MSEB VAT IONS

• r i g l a :  J .  H. S mi 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  ■•■bora  of panel ;  D. V, Whitcomb*,  J .  Moshaian

Background;  Mr. S mi t h  i a  par  form ing an t x p e r  imsa t  which i n r o l r e a  the  r ec o r d i ng  
o f  coun t e r  d a t a .  A f o i l  oaa counted a b o u t  o i g h t  t i mes  and t h e  a ve r a ge  of  t he  
c o u n t s  e a s  t h e n  u a e d  t o  i n d i c a t e  a more a c c u r a t e  v a l u e .  Mr. Smi t h  wanted a 
c r i t e r i o n  f o r  e l i m i n a t i n g  a count  t h a t  d i f f e r e d  a p p r e c i a b l y  f rom t he  o t h e r  
c ou n t s  in a given s e t .  This  problem i s  a f a v o r i t e  one wi th  a t  a t i a t i c i a a a , and 
Mr.  S n i t h  was r e f e r r e d  to  an a r t i c l e  by F.  E. Grubbs  oa t h e  s u b j e c t  which 
a p p e a r e d  i a  the  Mar ch ,  1950 i s s u e  o f  t h e  Anna l s  of  g « t k « i i l i c s l  S t a t i s t i c s .

p r o b l e m :  ■■TKBIINATIM WP SABPLE SISB PbB LONS-TBBB BABIATISN EXPEBIBEMT

• r i g l a ;  Dr. J .  H. R u s t ,  Dr.  J .  L. W i ld in g ,  UT-AEC A g r i c u l t m r a l  Research Pro*
gram

p a r t l c l p a t l a g  l e a b e r  of panel :  A. W. Kimball

BacBgreuad and B t a t m a ;  A lo n g - t e r m  r a d i a t i o n  exper im en t  o m p lo y ia g  l a r g e  
aa im ala  ia  be ing  p l a n n e d  fo r  the p u rpose  o f  i n v e s t i g a t i n g  th e  e f f e c t s  o f  X 
r a d i a t i o n  on l o n g e v i t y .  Since the exper im en t  ia  expensive and t  isM-consuming, 
the  exper imenters  wanted to  have a r e l i a b l e  e s t im a te  of the amad>or of animals 
which mould be r e q u i r e d  for each e x p e r i m e n t a l  group t o  a c h i o v e  the  d e s i r e d  
degree of  accuracy  i n  th e  f i n a l  compar isons .  On the b a s i s  o f  p r e l im in a r y  da ta ,  
i t  was d e t e r m in e d  t h a t  i f  about  290 a n i m a l s  a r e  used  i n  e a c h  g ro u p ,  t h e  
p r o b a b i l i t y  i s  0 .95 t h a t  a t ime d i f f e r e n c e  (between the  c o n t r o l  group and any 
i r r a d i a t e d  group) o f  10 percent or more w i l l  be d e tec te d  i f  t h e  f i a a l  t e s t  of 
s i g n i f i c a n c e  i s  made a t  the 5 percent l e v e l .

The method o f  e s t i m a t i o n  [Harr is ,  H o r v i t s ,  and Mood, J.  Amur. Stmt ..Attorn. 
41,  391 (1948)] r e q u i r e s  some pre l im inary  e s t i m a t e  of the amount o f  v a r i a b i l i t y  
t o  be expec ted  i n  t h e  s u r v i v a l  d a t a .  I t  i a  b e l i e v e d  t h a t  t h e r e  i s  a 50*50 
chance t h a t  the  c o e f f i c i e n t  of v a r i a t i o n  w i l l  l i e  between 25 and 35 p e rcen t .  
By the  methods d e s c r i b e d  in the r e f e r e n c e ,  t h i s  leads t o  a p r e l im in a r y ’ e s t i n a t e  
o f  the  s tandard  d e v i a t i o a ,  s ,  5 30 p e r c e n t  o f  the moan, with 8 - 2 / 3  degrees  o f  
freedom. F u r th e r  co m pu ta t ion  a ided by t h e  t a b l e  given ia  t h e  r e f e r e n c e  led 
t o  a sanple s i t e  o f  289 a a in a l s  per group f o r  the degree of a c c u ra cy  s p e c i f i e d  
above.
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I t  • • •  t h o u g h t  f o r  •  w h i l e  t h a t  s o a r  s e q u e n t i a l  s t a p l i n g  p l a n  n i g h t  be 

used  t o  h e l p  reduce  t h e  t o t a l  nuaber  o f  a a i a a l a  r e q u i r e d .  S i n c e ,  h o w e v e r ,  the 

c o u t e a p l a t e d  a n a l y s i s  i n c l u d e s  b o th  t e a t s  o f  h y p o t h e s i s  and e s t i a s t i  oa o f  g ro u p  

d i f f e r e n c e s ,  no w o r h a b le  s e q u e n t i a l  a e th o d  s e e a s  a p p l i c a b l e .

p ro b le a ;  TU TS  IP  I N N M I T I  A NO COMELATISN IN  A RABIAVION EXPER ISENT VITN 
R ARABIC I  UK AURELIA

O r i g i n :  D r .  R. F. K i a b a l l ,  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  geaher o f  p a n e l;  A. V. K i a b a l l

Baefcgrenad  and S t a t u s ;  Two s t o c h s  o f  P e r n s e c i a a  s o r t  l i e ,  i s o g e n i c  o n c e p t  f o r  

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

p e r a n o c i n  sad t h e  o t h e r  i s  e n o n k i l l e r ,  s e n s i t i v e  t o  the  h i l l i n g  . s u b s t a n c e .  

T w e n t y - e i g h t  c o n j u g a t e  p a i r s  were o b t a i n e d  b e t w e e n  t h e  two s t o c k s ;  t h e  two 

a e n b e r s  o f  eac h  p a i r  w e r e  k e p t  s e p a r a t e l y  a n d  a l l o w e d  t o  d i v i d e ,  and one 

p r o d u c t  o f  t h e  f i r s t  d i v i s i o n  f r o a  each was d i s c a r d e d .  The o t h e r  p r o d u c t  o f  

e a c h  was a l l o w e d  t o  d i v i d e  a g a i n  and t h e s e  tw o  p r o d u c t s  were k e p t  s e p a r a t e l y  

f o r  s e v e r a l  days as d a i l y  i s o l a t i o n  l i n e s .  T h r e e  days  b e f o r e  a u t o g a a y  was t o  

be o b t a i n e d  tw o  p r o d u c t s  o f  t h e  d i v i s i o n  o f  t h e  s i n g l e  a a i s M l ,  i s o l a t e d  th e  

d a y  b a f o r e ,  e a r s  put  i n t o  s e p a r a t e  c o n t a i n e r s  and a l l o w e d  t o  a u l t i p l y  t o  f o r n  

s n a i l  anas e u l t u r e a .  F r o a  each  c u l t u r e  25 a u t o g a a o u s  a n i a a l s  were i s o l a t e d  and 

c h e c k e d  f o r  s u r v i v a l .  T h u s  f r o n  each o r i g i n a l  p a i r  a i g h t  g roups  o f  25 a u t o g -  

a nous  a a i a a l a  were o b t a i n e d .

The g e n e r a l  a t a t i s t i c a l  p r o b l e a  was t o  d e t e r a i n e  t o  s h a t  e x t e n t  t h e  

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

p r o p o r t i o n  o f  a n i a a l s  s u r v i v i n g .  C h i - s q u a r e  t e s t a  a t  t h e  f i n a l  s t a g e  i n d i c a t e d  

n o  d i f f e r e n c e s  b e t w e e n  t h e  tw o  g r o u p s  o f  25  a n i s M l a  o b t a i n e d  f r o a  t h e  two 

p r o d u c t s  o f  t h e  d i v i s i o n  o f  a s i a g l a  a n i a a l .  F u r t h e r  c h i - s q u a r e  t e s t s  s e ra  

a p p l i o d  t o  the g r o u p s  o f  50  a a i a a l a ,  and th e  p o o l e d  c h i - s q u a r e s  f o r  b o t h  the  

h i l l o r  and s e n s i t i v e  c o a j u g a t a a  were s i g n i f i c a n t  a t  the 1 p e r c e n t  l o v e l .  Thus 

i t  w a s  a p p a r e n t  t h a t  t h e  t o o  d a i l y  i s o l a t i o n  l i n e s  o b t a i n e d  a t  t h e  second
i

d i v i s i o n  c o u l d  n o t  be c o n s i d e r e d  s a u p l e a  f r o a  t h e  seas p o p u l a t i o n .  The n e x t  

p r o b l e a  was t o  d e t e r a i n e  w h e t h e r  t h e  tw o  l i n e s  o b t a i n e d  f r o a  a s i n g l e  p a i r  

( h i l l o r  and s e n s i t i v e  c o n j u g a t e s  be ing  c o n s i d e r e d  s e p a r a t e l y )  were a o r e  a l i k e  

t h a n  th e  l i n e s  f r o a  p u i r  t o  p a i r .

\
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S t a t i s t i c a l l y  t h e  p r ob lem Bay  be f o r m u l a t e d  a s  . f o l l o w s :  Ve have a sample
o f  28 p a i r s  f r o a  a b i v a r i a t e  p o p u l a t i o n  a nd  want  t o  e s t i m a t e  t h e  c o r r e l a t i o n .  
In t h e  sampl e ,  h o w e v e r ,  i t  i s  not  p o s s i b l e  t o  i d e n t i f y  t he  v a r i a t e s ,  and t h e r e  
f o r e  t h e  f a m i l i a r  p r o d u c t  moment  c o r r e l a t i o n  c o e f f i c i e n t  c a n n o t  be u s e d .  
S i n c e  t h e  o b s e r v a t i o n s  a r e  i n  t h e  form o f  p r o p o r t i o n s  o f  a n i m a l a  s u r v i v i n g ,  
t he  a r c s i n e  t r a n s f o r m a t i o n  was employed a n d  t h e  r e s u l t i n g  v a r i a t e s  were assumed 
t o  have a b i v a r i a t e  normal  d i s t r i b u t i o n  w i t h  e qua l  v a r i a n c e s .  I t  can be shown 
t h a t  in t h i s  c a s e  t h e  maximum l i k e l i h o o d  e s t i m a t e  o f  the  c o r r e l a t i o n  i s  g i v e n

ty

* _ B - Ap  s -----------
B * A

*

•here

n * weaker e f  pairs  ef  observat ions

T h i s  s t a t i s t i c  i s  m o a t  o f t e n  r e f e r r e d  t o  a s  t h e  " i n t r a c l a s s  c o r r e l a t i o n  
c o a f  f i c i a n t . "
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'^ A :  \

T*o M e t h o d s  a r e  a v a i l a b l e  f o r  t e s t i n g  whether  the  p o p u l a t i o n  c o r r e l a t i o n  

c o e f f i c i e n t  p  d i f f e r s  f r o n  c e r o .  Ve may t a k e  (R.  A. F i s h e r ,  S t a t i s t i c a l  
Methods f o r  hoooorch  Po rke rs ,  1 0 th  e d . ,  p. 215, O l i v e r  and Boyd, Loadoa, 1948)

U N C LA SSIFIED

* -  K { log  ( l  ♦ $ )  - log ( l  • $ ) )

aa a normal v a r i a t e  with  aero naan  and

" - 3/2

On the  o t h e r  h a n d ,  we nay aae  t h e  l i k e l i h o o d  r a t i o  t e a t ,  which in  t h i s  c a s e  
a a o u n ta  t o  t a k i n g

-2  l o g #
2J~AB
4 + 8

aa an a p p r o x i a i a t e  c h i - a q u a r e  w i t h  one degree  o f  f r e e d o n .  When t h e s e  t e a t s  
were a p p l i e d  t o  t h e  paraaieciua d a t a ,  the  c o r r e l a t i o n s  s e r e  found to  be e i g a i f i *  
cant  a t  t h e  S p e r c e n t  l eve l  in  b o t h  t h e  k i l l e r  end t h e  a e n a i t i v e  c o n j u g a t e s .

p r o b l e a ;  COMPARISON OF MUTATIONS IN TRAST INSUCIS BT ULTRAVIOLET IRRASIATION  

O r i g i n :  D r .  S.  P onper , B io logy  D i v i s i o n

p a r t ic ip a t in g  Monbern c f  panel: A. V. K i a b a l l ,  B. S .  McGill

Background: U l t r a v i o l e t  i r r a d i a t i o n  e x p e r i n e n t a  a r e  b e in g  c o a d u c te d  u s i n g  
narked  h a p l o i d  and d i p l o i d  y e a a t a .  The h a p l o i d  c u l t u r e s  a re  a i n i l a r  in  t h a t  
th e y  b o th  r e q u i r e  a d e a i a e  and u r a c i l ,  and th e  d i p l o i d  was a y n t h e s i t e d  f r o n  
then  in  such  a way t h a t  i t  e a e  hoaosygous  r e c e s s i v e  f o r  aden ine  and u r a c i l  and 
h e t a r o a y g o u a  f o r  t r y p o t o p k a a e  and n e t h i o a i n e .  The p r e s e n t  e x p e r i n e n t a  a r e  
focus ing  a t t e n t i o n  on the  a d e n in e  and u r a c i l  n a t a t i o n  f r e q u e n c i e s .
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The d a t a  f r o a  a a i n g l e  exper imen t a r e  d e r i v e d  f ro a  t h r e e  a e t a  o f  p l a t e n .  
One net  haa c o a p l e t e  a g a r ,  aad th e  o t h e r  t « o  a e t a  have agar  f r o a  which adenine 
and  n r a c i l ,  r e s p e c t i v e l y ,  h a r e  been o a i t t e d .  Each o f  the  t h r e e  a e t a  c o a a i a t a  
o f  p l a t a a  which hava c o a e  f r o a  c n l t n r e a  t h a t  h ave  beea exposed t o  u l t r a v i o l e t  
i r r a d i a t i o n  fo r  l e a g t h a  o f  t i a e  v a ry ing  f r o a  0 t o  16 a i n .  U rac i  1 and a d ea iae  
n a t a t i o n  f r e q u e n c i e s  a r e  c a a p a t e d  by c o a p a r i n g  the p l a t e  c o n a ta  f o r  d e f i c i e n t  
a g a r  a e t a  w i th  t h a  c o a p l e t e  a g a r  p l a t a  c o u n t s .  The prob l e a  i a  c o a p l i c a t e d  
by  t h a  f a c t  t h a t  a t  h i g h e r  doaea aoae h i l l i n g  r e a a l t a  i a  the  c o a p l o t e ~ a g a r  a e t «

• t a t a a :  A p r e v i o u s  a n a l y s i a  haa  e a t a b l i a h e d  t h a t  t h e  c o n a t a  f o l l o w  th e
P o i a a o n  law, ao t h a t  t h e  aq u a re  r o o t  t r a n a f o r a a t i o n  was a a p l o y e d  b e f o r e  aub< 
j o c t i a g  any of  the d a t a  t o  a n a l y a i a  o f  v a r i a n c e .  The f i r a t  two a a a l y a e a  baaed 
on aovon d i p l o i d  and a i n  h a p l o i d  a x p e r i a a n t a ,  r e s p e c t i v e l y ,  ahowed tha*  h i l l i n g  
b e g i n a  to  hava a a i g a i f i c a n t  a f f e c t  a f t e r  8 a i n  in the d i p l o i d  o r g a n i a a  and 
4 a i n  i a  t h a  h a p l o i d  o r g a n i a a .  The a p p a r e n t  i a c r e a a e d  a e a a i t i v i t y  of  the 
h a p l o i d  i a  due p r o b a b l y  t o  the  tendency  o f  t h e  h a p l o i d s  to  a g g r e g a t e  in  s a a l l  
c l n a t a r a .

I t  i a  b e l i e v e d  t h a t  t h i a  d i f f i c u l t y  can  be o v e rco a e  by s u b j e c t i n g  a l l  
c u l t u r e s  to  s o n ic  o r  u l t r a s o n i c  t r o a t a e a t  b e f o r e  i r r a d i a t i o n .  A few e x p e r i*  
a e n t a  o f  t h i a  type  h a v e  been c o n d u c t e d ,  and an a n a l y s t s  o f  v a r i a n c a  o f  the 
a u t a t i o n  f r e q u e n c i e s  A var  a t o t a l  o f  16 e x p o r i a e a t a  i a  now b e i n g  c o a p u t e d .  
The da ta  a r e  n o n o r t h a g o a a l  w i th  aoae s u b c l a s s e s  c o n t a i n i n g  ao  o b s e r v a t i o n s ,  ao 
t h a t  t h e  a n a l y s i s  a u s t  be per  foraed by t h e  l e n g t h y  l e a s t - s q u a r e s  p ro c e d u r e .  
In  t h i s  exaap le  i t  r e q u i r e s  the  i a v e r a i o n  o f  two 20 by 20 a a t r i c o s ,  and work 
i s  be ing  done on th e  NEPA d i g i t a l  coape te r  w i th  the  a s s i s t a n c e  o f  J .  J .  Stone,  
who i a  tha d a s i g a a r  o f  t h e  a a c h i a e .  When c o a p l e t e d  the a n a l y s i a  w i l l  enab le 
u s  t o  e v a l u e t e  the  e f f e c t  o f  u l t r a s o n i c  t r o a t a e a t  ia  h a p lo id s  aad d i p l o i d s  and 
a l s o  p ro v id e  a t a s t  f o r  i n t e r a c t i o a .

p r o h le n :  KST1BATI0N W  TOTAL ABSORPTION BT TBB BLOOB OP BABIOCALCIUB AO-
BINIBTBBBB OBALLY IN BAIBV CATTL8

o r i g i n :  Dr. S. L. H a n s a r d ,  D r .  C. L. C o a a r ,  UT-AEC A g r i c u l t u r a l  R e s e a r c h
Pr o g r a a

e e l :  A. B. K i a b a l l ,  C. L. P e r r y ,  J .  Moahaan,
B S. M c G i l l ,  G- J .  A t t a
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■ a c k c r t i a i ;  When r a d i o c n l c i u n  i t  a d m i n i s t e r e d  i n t r a v e n o u s l y  t o  •  cow and 

b l o o d  apec ie ena  a r e  t a k e n  a t  p e r i o d i c  i a t e r r a l a  a f t e r  a d a i n i a t r a t i o n ,  the  

a a o a o t  o f  r a d i o e a l c i u a  p r e a e a t  i n  t o t a l  b lo o d  (exp reaaed  as a p e r c e n t a g e  o f  

t k e  i n i t i a l  dose )  when p l o t t e d  a g a i a a t  t i a i e  a f t e r  i n i t i a l  d o s e  behaves  as

T h i n  b e h a v io r  baa baen found  i n  d i f f e r e n t  a n i m a l s ,  a t  about  the  naaM l e v e l s .  

W e n  r a d i o c a l c i u n  i e  a d m i n i s t e r e d  o r a l l y ,  t h e  reaponae lo o k s  a b o u t  l i k e  t h a t  

shown i n  P ig .  2.

Time A f t e r  I n j e c t i o n
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A l t a r  o r a l  a d m i n i s t r a t i o n  the  r a d i o c a l c i u m  i a  a t  the same t i a e  be ing  abaorbed 
by and r e l e a a e d  f r o a  the  blood s t r e n a  t h r o u g h  r e l a t i v e l y  c o a p l i c a t e d  p h y s i o l o g i 

i f  none o f  th e  c n l c i u a  were a v e r  r a l a a s a d  f r o a  th e  b lood.

■ ta taa*  The a o s t  a i a p l e  fo rm u la t ion  o f  t h e  problem would b e g in  with the r a t e  
r e l a t i o n

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

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

i a  a p p l i c a b l e  t o  a n y  aaoun t  p r a a e n t  i a  t h e  b lood r e g a r d l e e a  o f  the  method of

e f t e r  o r a l  a d m i n i s t r a t i o n ,  the  aaoun t  p r e s e n t  a t  t i a e  * i s  / ( I ) .  Accordingly ,

In o r d e r  t o  o b t a i n  a p p r o x ia a t  i o n s  to  / ( • )  and £,  c a l c u l a t i o n s  in v o l v in g

found ,  i t  w i l l  be p o s s i b l e  to  d e t e r a i n e  a r e a s o n a b l y  a c c u r a t e  r e p r e s e n t a t i o n

c a l  p ro c e s s e s .  The e x p e r im en te r s  would l i k e  t o  know what t h e  aaount  o f  r a d io -  
e a l c i u n  in t h e  b l o o d  ( a e  a fu n c t io n  o f  t i a e  a f t e r  i n i t i a l  o r a l  dose )  would be

[ 100 - g ( * ) ] '  2 4> (amount p r e s e n t ) ,

e d a i a i s t r a t i o n  o f  t h e  i n i t i a l  do se .  In Eq. ( 1 ) ,  which i n v o l v e s  u n i t s  of  t i a e

i f  we l e t  A ' ( t )  be  th f  a b s o r p t i o n , h

*' <*)  « / ' ( * )  ♦ * [ / ( * ) ) , ( 2 )

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

t

the  e x p e r i a e n t a l  d a t a  a r e  be ing  p e r f o r a M d .  I f  s a t i s f a c t o r y  e x p r e a s i

fo r  A ( t ) .
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Problen: BIT A BBC AY (PEBBI FUNCTIONS)

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

P a r t ic ip a t in g  l e s b e r s  of panel: N. M. Diei ruke,  M. R. A r n e t t e

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

■ ta ta a ; Work h a s  b e e n  r e s u aed  on c o e f f i c i e n t s  and c o r r e c t i o n  f a c t o r s  to  be 
c a l c u l a t e d  f o r  f o r b i d d e n  t r a n s i t i o n s .  I t  i s  expec ted  t h a t  M ach ine  t i n e  w i l l  
be a v a i l a b l e  d u r i n g  t h e  nex t  q u a r t e r  f o r  th e se  c a l c u l a t i o n s .

Values  o f  t h e  a l l o w e d  F e rn i  f u n c t i o n s  for  p -  0 were c a l c u l a t e d  by hand 
t o  i n c o r p o r a t e  in  t h e  t a b l e  of  F 0' a  c o n p l e t e d  e a r l i e r .  S c r e e n i n g  c o r r e c t i o n s  
w i l l  be c a l c u l a t e d  a f t e r  the  p r o b l e n  o f  f o r b i d d e n  t r a n s i t i o n s  i a  f i n i s h e d .

f

problen; gaB BETA BPECTBUB

O rigin: Dr. M. E. Rosa ,  P hys ic s  D i v i s i o n

p a r t ic ip a t in g  peaber o f  panel: 1.  M. Disnuke

Background: T h i s  c a l c u l a t i o n  i s  an a t t e n p t  t o  f i t  the RsE B e t a  S p e c t ru n .

• ta t a a :  The r a t i o s  ( a v a i l a b l e  f r o n  t h e  F e rn i  f u n c t i o n  c a l c u l a t i o n s ,
a b o v s )  needad f o r  t h i s  c a l c u l a t i o n  n u a t  f i r s t  be checked  by d i f f e r e n c i n g .  
When t h i s  has been  done the  f a c t o r s  to  be used in the  f i t t i n g  can be ea leu  l a t e d . 
S i n c e  t h e  nunber  o f  o p e r a t i o n s  i s  l a r g e  conpared  with  the number of  t i n e s  a 
g i v e n  o p e r a t i o n  i s  p e r f o r n e d ,  the c o m p u t a t i o n s  w i l l  be done on IBM machine^  
u s i n g  a g e n e r a l  b o a r d  f o r  the a r i t h n e t i c  o p e r a t i o n s .

problen: BABBIT MMATBCBIT BATIOB U6>N€ P c'*  nod P* 1 TBACBB8

B rlglB : Dr. J .  B. Kahn, J r . ,  Bio logy D i v i s i o n

p n r tlc lp n tln g  Bombers o f Panel: J .  Moshnan,  B. S. McGill

Background: The r a t i o  o f  average body t o  p e r i p h e r a l  h e m a t o c r i t s  was de termined  
fo r  t o o  s e r i e s  o f  r a b b i t s ,  one u s in g  F e ' *  as  a t r a c e r  e l e m e n t  i n  d e t e rm in in g  
c e l l  and plasma v o l u s e s ,  the  o th e r  p**.  The p rob len  in v o lv ed  th e  c o m p a r a b i l i t y  
of  the two s e r i e s .

A c u r s o ry  e x n n ' in a t io n  of  the d a t a  r e v e a l e d  t h a t  fo r  eac h  o f  the s ix  Fe** 
r a b b i t s ,  t h e  f i r s t  o f  t h e  t h r e e  d e t e r m i n a t i o n s  was lower t h a n  the o th e r  two. 
T h i s  was t r a c e d  t o  a f a u l t y  i n s t r u m e n t  c a l i b r a t i o n  and d i s c a r d e d  f r o n  the
a n a l y s i s .
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A n a l y s i s  o f  v a r i a n c e  s h o we d  t h a t  v a r i a t i o n  o f  r e a d i n g s  w i t h i n  d i f f e r e n t  
r a b b i t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o n  t h e  v a r i a t i o n  be t we e n  r a b b i t s .

The d i f f e r e n c e  between b o t h  g r o u p s  was t he n  f o u n d  t o  be h i g h l y  s i g n i f i c a n t  
by t h e  Ht n ‘ t e s t  (/* < 0 . 0 0 1 )  a n d  95 p e r c e n t  c o n f i d e n c e  l i s u t a  were  f i n a l l y  
c o n p u t e d  f o r  e a c h  g r ou p  s e p a r a t e l y .

S t a t e s :  C o m p l e t e d .

p r o b l e n :  OPERATION f  REENIOUSE

O r i g in ;  D r .  J .  F u r t h ,  B i o l o g y  D i v i s i o n

p a r t i c i p a t i n g  ■ s a b e r  of  p a n e l :  J .  Moshaan

Background:  In a f o r t h c o m i n g  t e a t  o f  a t o n i c  e x p l o s i v e s  in t he  P a c i f i c ,  g r o u p s
of  m i c e  w i l l  be e x p o s e d  a t  d i f f e r e n t  l e v e l s  o f  e x p e c t e d  r a d i o a c t i v i t y  a n d  
n e u t r o n  b o m b a r d m e n t .  A f t e r  a 3 0 - d a y  p e r i o d ,  s u r v i v i n g  mice  w i l l  be f l o w n  t o  
Oak R i d g e  f o r  e x t e n d e d  s t u d y .  T h i s  nay  be t he  f i r s t  s u c c e s s f u l  p l a n n e d  i n 
v e s t i g a t i o n  o f  t h e  e f f e c t s  o f  an  a t o m i c  bomb on mammals .  The i n v e s t i g a t i o n  
w i l l  c o n c e n t r a t e  on t he  e f f e c t s  on l o n g e v i t y ,  n e o p l a s m i n c i d e n c e ,  and c a t a r a c t  
f o r m a t i o n .

S t a tu s :  P r e l i m i n a r y  methods  o f  s t a t i s t i c a l  a n a l y s i s  ha ve  been f o r m u l a t e d .  A
punch c a r d  p r o t o c a l  s u i t a b l e  f o r  r e c o r d i n g ,  t a b u l a t i o n ,  and a n a l y s i s  o f  t h e  
d a t a  h a s  b e e n  p r e p a r e d  and  t e n t a t i v e l y  a p p r o v e d  b y  t h e  o t h e r  p a r t i c i p a n t s  
c o n c e r n e d  i n  t he  p r o j e c t .  A c o m p l e t e  " p r e o p e r a t i o n s "  r e p o r t  has  been s u b m i t t e d  
t o  t he  Navy f o r  f i n a l  a p p r o v a l .

problem: KPPECT SP 0 INITROPNENOL ON UTSS IS

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

p a r t i c i p a t i n g  goobers  of  pane l :  J .  Moahman, B. S.  Mc Gi l l

Background; E i g h t  g r a s s h o p p e r  e mb r y o s  f rom f o u r  e g g  c a s e s  were g i v e n  a d o n e  
of  0 .1 * 1 0 ' *  Mg o f  d i n i t r o p h e n o l  and t h e i r  m i t o t i c  a c t i v i t y  was compared w i t h  
e i g h t  o t h e r  s i s t e r  embryos f rom t h e  same egg c a s e s .

The a n a l y s i s  t o o k  t h e  f o r m  o f  a t h r e e - w a y  a n a l y s i s  o f  v a r i a n c e  w i t h  
p r o p o r t i o n a l  s u b c l a s s e s  s i n c e  u n e q u a l  numbers o f  e m b r y o s  were chosen f rom e a c h  
egg c a s e .  I n  o r d e r  t o  s t a b i l i s e  t h e  v a r i a n c e ,  t he  t r a n s f o r m a t i o n
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was em p loyed , where *  r e p re s e n te d  th e  nunber o f  c e l l s  c o u n te d ,  the in d e x  o f  

■ i t o t i c  a c t i v i t y .

I t  was found  th a t  the  F r a t i o  between t r e a te d  and c o n t r o l  was o n ly  0 .0 3 ,
I

but t h a t  between egg c i i e i  was 1 0 .8 1  w h ich , w i th  3 and 173 degrees o f  f r e e d o a ,  

was s i g n i f i c a n t  on the  0.005 l e v e l .

■ ta in s : The la c k  o f  s i g n i f i c a n c e  due to  t r e a tn e n t  was e x p e c te d  by the  b i o l o -

g i s t s  in  v i e w  o f  t h e  e x t r e n e l y  s n a i l  dose , but t h e r e  was no i a n e d ia t e  e x 

p la n a t io n  o f  the  h e te ro g e n e i ty  be tw een egg cases. The l a t t e r  i s  being checked 

fo r  r e p r o d u c ib i  l i t y  in  a s e r ie s  o f  e x p e r ia e n ta  c u r r e n t l y  in  p ro g ress .

Prsklsn: EFFECT OF M i l  AVION ON K IN D T  PLANTS IT  DOSE AW  BODICE

O rig in ; D r .  G. R. Noggle , B io lo g y  D iv i s io n  

p a r t ic ip a t in g  Bonkers of Panel: J . Moshaaa, B S. M c G i l l

BackgronnO: An exper inen t was p e r fo r n e d  to  i n v e s t i g a t e  tha  e f f e c t  on a p e a n u t

p la n t  o f  s i x  dosages each o f  X and y  r a d i a t i o n .  The v a r i a b l e s  s tu d ie d  w e re :  

( in d e x  1> n u n b e r  o f  expanded l c e v e a  on the  a e ia  e t e n ;  ( in d e x  2) nunber o f  

expanded le a v e s  on the  c o t y l e d o n a r y  s te n e ;  and ( in d e x  3 ) h e ig h t  o f  th e  n a i n  
a t e n .

The d a t a  were p laced  on punch ca rds  and a th r e e - w a y  a a e ly a ia  o f  v a r ia n c e  
was run p a r t i t i o n i n g  the  v a r ia n c e  by aource of i r r a d i a t i o n ,  doss, and g r e e n -  

houae bench on wh ich  tha p la n ta  w ere  r a is e d .  There were two r e p l i c a t i o n s .  I t  

was fo u n d  t h a t  f o r  a l l  th ro e ,  i n d i c e s  th e r e  wee a s i g n i f i c a n t  ( P < 0 . 0 0 5 )  

v a r i a t i o n  between dosages and benches . The d i f f e r e n c e  between X and y  r a d i a 

t i o n  was n o t  s i g n i f i c a n t  f o r  in d e x  2 above. Source *  dose end does  *  b e n c h  
i n t e r a c t i o n s  were s i g n i f i c a n t  f o r  the  f i r s t  index  o n l y .

M a jo r  i n t o r o e t  was c o n c e n t ra te d  on does e f f e c t s .  F o l lo w in g  the p ro c e d u re  

o f  Tukey ( B io n e l r t e s  5, 99-114 ) f o r  coope r ing  i n d i v i d u a l  naans i n  the a n a ly s i s  

o f  v a r ia n c e ,  th e  doaea were p a r t i t i o n e d  i n t o  hoaogeneous groups aa f o l l o w s :
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iroEX l INDEX 2 I PD EX S

0 r 0 r' 0 r

2500  r 2500 r 2500 r

5000 r , 5000 r 5000 r

1 0 ,0 0 0  r 1 0 .0 0 0  r

2 0 ,0 0 0  r 1 0 ,0 0 0  r}

2 0 ,0 0 0  r )

4 0 , 0 0 0  r> 2 0 .0 0 0  r )

4 0 , 0 0 0  r>

4 0 .0 0 0  r}

• h e r *  e a c h  b r a c k e t  e n c l o a e a  a g r oup  o f  d o s e s  whoa* a f f a c t a  ware n o t  s i g n i f i *  
c a n t l y  d i f f e r e n t  f r o *  e a c h  o t h e r .

p r t b l N :  ( e M t l a M t l a i ) :  BET URINATION or NKUTMN rLUI IN MNL PILE

Origin; Dr .  D. K. H o l a e s ,  P h y a i c a  D i r i a i o n

p a r t ic ip a t in g  N eater e f  Pan* 1; J .  Moshaan

Background; Aa r e p o r t e d  i a  TVNL-888,  p r o g r a a a i a g  f o r  t h i a  p r o b l e a  « e a  i a  prog* 
r e e e  a t  t h e  t i a a  o f  i s s u a n c e  o f  t h a t  r e p o r t .  I t  d e v e l o p e d  t h a t  a s t r a i g h t 
f o r w a r d  Mont e  C a r l o  p r o c e d u r e ,  a a i a t a i n i n g  t h e  c r o a s - e a c t i o a a  1 a c c u r a c i e s  
d e a a n d e d ,  o v e r t a x e d  t he  IBM p r o g r a a  c a p a c i t y  o r  i n v o l v e d  a p r o h i b i t i v e l y  long 
t i a *  p e r i o d  f o r  t h e  c a l c u l a t i o n s .

R e c o u r s e  has  n o t  b e e n  a a d e  t o  c o n s i d e r a t i o n  o f  a u n i t  c r o e s - s e c t i o n s  1 
c e l l  o f  t h e  p i l e  l a t t i c e .  C o n s i d e r  a s c h e m a t i c  d r a w i n g  o f  a p a r t  o f  t h e  
c r o n e - a e c t i o a a l  v i e *  o f  t h e  p i l e  ( F i g .  3 ) .

E a c h  n e n t r o n  would  o r i g i n a t e  i n  t h e  rod l o c a t e d  a t  (0 ,  0 ) .  Whe ne ve r  i t  
s t r i h « a  a  bounda r y  o f  t h e  u n i t  c e l l ,  i t  i s  c o a t i n o e d  t h r o u g h  froai  t h e  o p p o s i t e  
s i d e .  We aiay f o l l o w  e s a s i p l e  n e u t r o n  f l i g h t ,  f o r  e x a o p l e ,  one  l i k e  t h a t  in 
t h e  f i g u r e  g i v e n  by t h e  s o l i d  l i n e ,  where t h e  a r r o w s  i n d i c a t e  the  d i r e c t i o n  o f  
l i g h t .  A cha nge  o f  d i r e c t i o n  r e s u l t s  f r o a  a c o l l i s i o n .  The s a s i p l e  f l i g h t ,  
f o r  i n s t a n c e ,  p a s s e s  t h r o u g h  t h e  aa i a l l  s q u a r e  n e a r  (O.S.  0 . S ) .
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t

This f l i g h t ,  i n  a s e n s e ,  may be unwound. Ve c a l l  the i n i t i a l  lag  of the  
f l i g h t  (0 ,  0 ) .  Than ,  in  g e n e r a l ,  i f  th e  n eu tron  a t r i h a a  a boundary,  the  
f o l l o w i n g  f o r n n l a a  a r e  f o l l o w e d :

BOUNDARY OJHVWSK*

L e ft (•.  y)  — - *  <a ♦ I , y>
Upper («. r )  — “ ► (s .  y - l )
R ight («. y) — (* - 1. y)
Lever (a . y)  —- (* , y ♦ l )

l a  t h i n  w a n n e r ,  aa i n d i c a t e d  in  t h e  d iagran  by th e  d o t t e d  l i n n ,  th e  
neutron ia  unwound to  (0,  2 ) .  By t r a n a l a t i o n  , a neutron whoao path tahaa the  
a awe fora would o r i g i n a t e  at  the ( - 1 ,  1 )  rod and proceed i n t o  the ( - 0 . 5 ,  *0 .5 )  
corner  aquara,  T h ia  ia  i n d i c a t e d  by t h e  dashed l i n e .  Hoaco,  a o l a l y  by a 
c o n a i d e r a t i o n  o f  t h e  u n i t  c o l l ,  wo n a y  f in d  the c o n t r i b u t i o n  to  tha  f l u s  
through any r e g i o n  fro n  a l l  roda i n  t h e  p i l e .

By carrying a lon g  the "pseudo-rod-coordinates"  we can at  a n y t i a e  a l i a i a a t e  
c o n t r i b u t i o n s  f r o n  any d e s i r e d  c o l l e c t i o n  o f  fu e l  ro d s ,  s u c h  aa would be 
d e s i r e d  when f i n d i n g  the f l a a  near a c o r n e r  o f  th e  c u b e .

The problem o f  d e t e r n ia i n g  whether or net  the neutron f l i g h t  i s  i n t e r 
cepted  by a rod i f  i t  e r i g i a a t e a  in the  moderator and, i f  no,  the coord ina tes  
at the i n i t i a l  p o i n t  o f  contact ,  has been reso lved  aa f o l l o w s :

Let the  c o o r d i n a t e s  of  the i th  c o l l i s i o n  be rep resented  by ( i ( , y ( , <t ).
I t  ia  fouqd that  th e  neutron would then  have d i r e c t i o n  c o s i n e s  * ( end 
a f l i g h t  path P j .  Then the equation o f  the r e f l a c t i e a  o f  th e  l i n e  o f  f l i g h t  
in  the ay p lane  in

* • Mi m »< • <«< 4 V . V  s JJi

y • yt - ■<
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Then

But t h i s  i s  t h o  n o r a s l  (o ra  o f  th e  e q u a t i o n  of  s s t r s i f h t  l i n o  and t h e r e f o r e  
tha  d i o t a n c s  f rom (0 ,  0 ) ,  the  o n l y  rod  a d m i s s i b l e ,  i s  s i m p l y

* V i
P 8 --------------------

f i
( 1 )

I f  r  i s  t k e  r a d i o s  o f  the rod end p > r ,  the neu t ron  d o e ■ not  e n t e r  a rod; 
i f  p < r, t h e  n e u t r o n  does  e a t e r  n r o d ;  end, i f  p 8 r ,  t k e  n e u t r o n  s t r i h e s  a 
rod t a n g e n t i a l  1 y.

I f  p 4  r ,  on  s i s h  to  haou tk e  c o o r d i n a t e s  o f  tke p o i n t  o f  n e a r e s t  c o n 
t a c t .  T h i s  r o s n l t s  f r o n  tke n e u t r o n  go ing  a d i s t a n c e  3 4  P i and

<«, ♦ i 4«>* ♦ i y i ♦ • , * > •  8 r* .

ek ich  i s  a q u a d r a t i c  in I ,
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( I 4» ♦ a,*)** ♦ 2 ( 1 ♦ • , * , ) *  ♦ (* ,»  ♦ y,* - r *) * o. (2)

Hence

S *
•2 ( 1 ^  ♦ i TiT*4*< ♦ ■<*<)* * *<*<* 4 ■<•)(*(• ♦ y<* * r*>

2 ( l ( * ♦ V )

- < f , * 4 * "<J\> * ^r *< *<* 4 ■<*> * l l i * i  '  ■<**)*

where t h e  s a a l l e r  value o f  5 i s  choaen.

F r om •  Machine v i e w p o i n t ,  i n s t e a d  o f  e x t r a c t i n g  t h e  r o o t  i n  e s t r a i g h t '
f o r war d  manner  we may t a ka  Eq.  ( 2 )  and s a t

r« - (mt • * y {*)  4 ■<*<>
I * ---------------------------- ------------------------------. (3)

<*<■ ♦ • <*)«  l<* ♦ ■<*

The c o e f f i c i e n t  o f  1 /5  i s  a lways  n e g a t i v e ,  s i n c e  I ,*  ♦ ■( 1 > 0 and ou t *  
s i d e  t h e  rod i  ♦ y t * > r and  t h e  c o n s t a n t  i n  Eq.  ( 3 )  i s  a lways p o s i t i v e ,  
s i n c e ,  t o  a t a r t  a t  ( i ( , J i ) and head toward (0 ,  0 ) ,  14 and * 4, and e j and y (

a
• n e t , p a i r w i s e ,  ha of  o p p o s i t e  s i g n .  Va nay t h a n  w r i t e  Eq. (3)  as

* * - - j  ♦ B (4)

and s o l v e  i t e r a t i v e l y .  I f  I* i s  a s o l u t i o n  o f  Eq.  ( 4 ) ,  a n o t h e r  s o l u t i o n  i s  
B - •* a n d  t he  d e s i r e d  e o l a t i o n  i a

35



S* -  Pin [ S ' ,  B - S*J. (S)

Tlie c o o r d in a t e s  of the point  o f  e n t r y  or con tac t  a ra  (a  ( ♦ f , y ( ♦ a ^ * ) .

I f  the  n e u t ro n  i s  ia a rod and i t  i s  daa i rad  to  f ind  the  p o i n t  o f  e x i t ,  
i f  i t  e x i s t s ,  t h a t  i a ,  i f  p 4  r » where  p i a  a s  defined i a  Eq. (1 ) ,  an e n t i r e l y
analogous p ro c e d u re  i s  followed, w i th  minor nodi f i  cat  i n n s .

A 8* aa i n  Eq. (S) i s  u n d e s i r a b l e  s in ce  only one S i s  a d a i a s i b l e ,  which 
■ay bo e i t h e r  S '  or B * I * ; wenay c o n s id e r  ourse lves  a t  <a( ♦ ^ 1 . ,  y i * 
r a th e r  than ( * 4# y i ) and than f ind  S* an in  Eq; t S ) .

In the  e v e n t  t h a t

v  ♦ ■,» * 0.

then l ( ■ n 4 * 0, and a ,  ■ 1, and  c o a a e q a a a t l y  th e  a e n t r o a  ia  t r a v e l i n g
v e r t i c a l l y  in  th e  s d i r e c t i o n .  Ve th e n  l e t

and we have a c o l l i s i o n  a t  ( i j M , y j t | , i ( M ) which n e c e a n i t a t a a  finding a new 
energy l e v e l ,  now d i r e c t i o n  c o s i a e a  t ( 4 | l  n Jfl< t ( t | ,  a new f l i g h t  l e n g t h  
P j , , i  and t h e n  p ro c e ed in g  a s  b e f o r e .

• t a t a s :  The n o d i f  i c a t i o a a  d e s c r i b e d  above t o  the p r o c e d u r e  a re  being in -
corpora tad  i n t o  the  IBM p rogress ing  w i th  the a id  and coop«r a t  ion of C . . B. . C a r t e r  
of  the K~25 C e n t r a l  S t a t i s t i c a l  Labora to ry .

pruhlan: NUCLEAB BATA ON PUNCH! C A M !

t r l g l a ;  Dr.  Ka thar ine  Way, N a t io n a l  Bureau of  S ta n d a rd s

P a r t i c ip a t i n g  Nenbera a f  panel: N. M. Disnuke, C. Porknca
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H e k i r t i N ;  Sow l a s t  q u a r t e r l y  r e p o r t .  (ORNL-888)

■ t a t u a ;  P r a p o a a l  f a r  P u t t i n g  N a e l a a r  D a ta  an Punched Carda  , ORNL-883, ham 
kaaa  i a a u a d .

Aaoc.it t h e  d a t a  t o  he in c lu d e d  o a  puackad  c a r d s  a r c  1 og f t  v a lu o a ,  which 
i a d a c a t a  t k a  t y p o  0  a p a c t r a o  f a r  a | i * c n  0  o o i t t a r .  E. F e e a b e r g  aad G. L. 
T r i l l , ! 11 and L. V. N ordhe ia**1 have l i s t e d  loan of thoao  v a l a a a .  To co ap lo to  
tkaao  l i a t a  a s  a a a r l y  aa p o s s i b l e  aad  t o  r e v i s e  o ld  v a l a a a  i s  c a s e  newer k a l f  
l i v e s ,  t ,  a r a  known, a re v ised  l i s t  o f  log /*  v a l a e a  waa c a l c u l a t e d .  Log f  
v a l a a a  wore r o a d  f r o a  t k o  Foeakorg  aad  T r i g g * 1 ) c a r v e s ,  t v a l a a a  wore t a k e s  
f r o a  K. t o y ’ s War l e e r  D a t a . * * )

Ho f o r e s e e s

(1)  E. F o e a k o r g  aad G. L. T r i g g .  Table* a /  C o a p e r o t t w e  H a l f  L»*e* 
a /  Had  i o a r  t iv# f ranc  i t  i o n * .  V a a k ia g to a  U n i v e r s i t y .  S t .  L o u i s ,
M i s s o u r i .

(2)  L- V. N o r d k e t a ,  T a b l e s  f a r  0*D ecs>  Sy* t e a s  t i c s .  Los A laaoa  
S c i e a t i f i c  L a b o ra to ry ,  La* A la a o a ,  No* Mexico, May 1950.

•

(3)  K a t k a r i a o  Vay, L i l i a  Faao,  M i l l i c e a t  H S c o t t ,  a a d  K or ia  Thee, 
Nae l aar  D a ta ,  NBS C i r c u l a r  No. 499, J a a u a ry  1950.

•

p r s k l e a :  H t l l l l M  TVS NA1NMATICI IN A STUDY OP S T B t S S - S T NA I N - T M  FUNCTIONS
OP METALS. OFNL CF-S0-10-132 aad CF-SO-10-132A.

• r i g l a :  Dr. a .  G. N. Andersen,  M e t a l l u r g y  D iv i s io n

p a r t l e l p a l l a g  Nook or of  paao l :  C. L- P e r r y

kackgraaad  aad  ktatOO: Saw d a t b e a s f i c s  Pa n e l  Q u a r t e r l y  P r o g r e s s  d e p o r t  f a r
P e r io d  Ending O c t o b e r  J 1. 1950. ORNL-888. Dr. Aadorsoa kaa  a o d i f i o d  p o r t a  o f  
tko  r e p o r t s  OWL C F -50-10-132  aad OlftL C F - 5 0 - 10-1 32A. Tkaao  r e v i s e d  r e p o r t s  
kava boaa r e v i e w e d  ky tko  P a a o l .

\  ^  ......... ^ & ................................ _ _

p r e k le a :  NKAT TIANIFR8 I t  A f U l l l  R l A l I M  IITN A SLIM t l A I  IN A NOT P IP t
• r i g l a :  H. C. C l a i b o r a a ,  Reac tor  Technology  D iv i s io n

P a r t l e l p a l l a g  d e a l e r  a t  paao l :  C. L- P a r r y

■ackgraoad:  S e e  M a t A e a a t i c s  P ane l  Q u a r t e r l y  p r o g r e s s  d e p o r t  f a r  tka Par iad
f a d in g  J u l y  J  I ,  1950 ,  (OWL-818) .

■ ta tua :  Mr. C l a i k o r a a  i a  now f i n i s h i n g  the  w r i t e - u p  o f  k i a  i n v e s t i g a t i o n s .
Tko M a t k o a a t i c a  P a a o l  rev iewed p a r t  o f  k i s  w r i t i n g s .

37



UNCLASSIFIED

P reO lea: OONTB C M U  ESTIMATE W  ACI M l COLLISION 01STBIBUT10N IN TISSUE PM
I I  MV BIUICI M D TBM I

O r ig in :  Dr. V. S. Snyder *nd Dr. J .  N eufe ld , H e a l t h  p h y s ic s  D iv is io n

p a r t i c i p a t i n g  I t M t r  of P a n e l  M. R. A rn e t t s

B n c k i r s s s d :  See th e  ( o l l o s i n i  Met hens t i c s  P a n e l  Q u a r t e r l y  P ro c re s s  R e p o r t s :
0RNL-34S ( p e r io d  en d in g  F e b r n n r y  1949), QRNL*408 ( p e r i o d  end ing  J n l y  S I , 1 9 (9 1  
ORNL-726 ( p e r i o d  ending  A p r i l  30. 19S0), O R N L -tll  ( p e r i o d  end m g  J n l y  3 1 ,  19501 
0RNL-6S6 ( p e r io d  end ing  O c to b e r  31. 1950).

l U t M :  The IBM r e s n l t s  f o r  th e  c o l l i s i o n  d e e s i t i e s  a p p e a re d  to  h o v e  t e e
t n b e l n t i e a  e r r e r s .  The s e n r c e  e f  th e s e  e r r o r s  h as  been found and the t a b u l a t i o n
c o r r e c t e d .

p r o * le a :  BAOIOACTIVITY OP ALIOMSS AM U N iL IM I  lAMPLBg

O rig in :  C. P. S ta n fo rd ,  Lee T e n p e ra tu re  P h y a ic s

P a r t i c i p a t i n g  gsnhe r s  o f  p a n e l :  J .  Mo shea a ,  C. L . P e r r y

•o e h g ra o n d :  See M c th e a s t ic s  P ens  1 Q u a r te r ly  p r o g r e s s  d e p a r t  /o r  P e r io d  f a d i n g
O ctober | | ,  J#30. GfWL-MS-

• i n t e a :  11m La* T e a p a ra ta r e  P h y s i c s  Group sad M stb e sM tic s  penal hare  d i a c a s s e d  
t b s  a e t h e d  e f  c a l c u l a t i o n  ( a e e  r e f o r s a c s  g iv e n  a b o v e )  p roposed  by th e  M aths* 
a n t i c s  N s o l  i a  a j o i a t  s e a i a a r .  The Lee T a a p o r a t a r e  P h y s ic s  Group a r o  p e r*  
f e r a i a g  t b s  c a l c u l a t i o n s .

p ro h lo a :  INTMP0LATI9N ON C M N T B  9 I I4 S I  OP INTMNAL CONTBBSION COBPP ICUCNTB
( ■ • • b o l l )

• r i g i a :  D r. M. K. Rose, P h y s ic s  D ivision

P o r t i e i p o t l a g  B sa b s rs  o f  p a o o l :  C. P s rh s c s ,  B. A. P o rh o a , M. L> N e ls o n ,
N. M. D isa u k o , C . L« P a r ry

■aehgroM d oof •  to t  os: See th e  fo H o e in g  Q u a r te r ly  P ro g re ss  R eports: P h y a ic s
D iv i s io n ,  0RNL-S21 ( f o r  p e r io d  e n d in g  N eveaber 1 9 4 1 ): M a th s o a t is s  P a n e l ,  
OPNL-345 ( f o r  p e rio d  so d ing  P o b ruary  1949). GRIL-40S ( f o r  p e rio d  e n d i *  J « ly  
I I ,  19491, OWL-714 ( fo r  p e r io d  ending  A p ril 10. 1 9 S 0 ), O tW L-lll ( f o r  p e r io d  
ending J n ly  S I . 19S0). OfffL-ISS ( fo r  period  end ing  O a t. 11, 19S0).

SI
U K U f l B i r i f t



UNCLASSIFIED

Let f ^ ( Z .  k)  and M^(Z, k)  (where  M x 1. 2. 3 ,  4 ,  5) r e p r e e e a t  t h e  I -  
a h a l l  i a t e r w a l  c o n r t n i o n  c o e f f i c i e n t *  fo r  o l o c t r i c  (E ̂ ) and n a g n e t i c  ( )  
■ a l t i p o l o o  o f  o rd e r  2*. where Z and h ere a to n ic  nunber  and gaena-ray e n e r g y  
in  e e 1 u n i t e ,  r e a p c c t i v e 1y.

The hey welnee  o f  the  K - a h e l l  i n t e r n a l  e o a v e r a i e n  c o e f f i c i e n t *  w ere  
c a l c u l a t e d  »n t h e  A u t o a a t i c  S e q u e n c e  Belay  C a l c u l a t o r  (Mark 1) f r o n  th e  
r e l a t i v i a t i c  fe rnu laa  (ua ing D i r a c  wave func t ion*)  f o r

Z * 10. 20. 30, 40 .  54. 64. 72, 70, 83. M ,  92, 96

end

h = 0 .3 .  0 .5 .  1 .0 .  1 .8 .  3 .0 ,  5.0.

Tha va'.uea a t  h * 0.3 were o b t a i n e d  for  the fi  r a t  e i g h t  valuea  o f  Z only .

Dr.  M. C. Boo* of  the  P h y e i c e  D i v i a i o n ,  ORNL, w aa te  to  expand t h e a e  
t a b l e * .  Th ia  w i l l  iavolv* an i n t e r p o l a t i o n  on tha hey v a lu ea .  Hie expanded 
t a b l e  w i l l  he f o r  the  value*

Z * 10, IS.  20 , 25 . 30 . 35, 40, 44. 48. 51. 54. 58. 61,

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

M l

h * 0 .3 .  0 .4 ,  0 .5 .  0 . 6 .  0 .8 ,  1.0,  1 .2 ,  1 .5 ,  1 .8 ,  2 .1 ,

2 .4 ,  2 .7 .  3 . 0 ,  3 .5 ,  4 .0 ,  5 .0 .

Per th e  v a l u e *  a t  h (  0 .3  end 0 . 4 ,  Z n e a t  be leva th a n  or equa l  to  78 ( e e e  
p re c e d in g  p a r a g r a p h ) .

The f o l l o w i n g  pa ragraph  a s p l a i n a  the  achene o f  i n t e r p o l a t i o n  (p ro p o ae d  
by Dr. B. S p in r a d ,  Argonae N a t i o n a l  L a b o ra to ry ) .

Approniawt* valuea fo r  the  i n t e r n a l  canvera ian  c o o f f i c i e a t a  wi 11 be c a lc u *  
lu te d  u a i n g  the Dancoff and M o rr ia o n  ap p ro x in a te  fo r n u ) * *  for  the above 402
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co ab in a t  lona a f  (Z. f t ) .  Th® r a t i o  k)  * f ^ d ,  i ) / l ^ ( Z ,  ft) approx . ]  a f
t l ie  a a a c t  vain® (Mark I c a l c u l a t i o n )  t a  t k a  a p p r e i i a a t a  v a lu e  (Daacoff  and 
M arr iaaa*)  a i l l  tk a a  ba found far tka 68 kay  coab ina t iona  a f  (Z. ft). Tka i a -  
t a r p o l a t i o n  a i l l  bo aada  oa tka  r a t i o  r ^ ( Z ,  ft). Tkia a i l l  g i v e  va loaa  a f  tka 
r a t i o  a t  tka 402 c o a b i a a t i e a a  a f  (Z, ft). Tba value® o f  f^ (Z ,  ft) f a r  tka  t a b la  
a i l l  ba found by a a l t i p l y i a f  f^ (Z ,  ft) a p p r a a .  by r M(Z. ft). Tba a a a a  pracaaa 
i a  uaad fa r  *M(Z, ft) .

Tka i a t a r p a l a t i o a  f a r  ^ ( Z ,  ft) a t  t b a  402 c a a b i a a t i a a a  a f  (Z, ft) a i l l  
f i r a t  ba doaa ia  tka  Z d i r a c t i a a .  Tk® r a a a o a  fo r  t k i a  i a  t k a t  t b a r a  a ra  aa ra  
kay va luea  i a  tka  Z d i r a c t i a a  aad Z dependence i a  a ia p l a r  tkaa t b a  ft dapaadaaca.

p ra b la a :  ANALYSIS ST /8-SAY SPBCTSOSCSPY

• r l g l a :  P. II. B a l l ,  Phya ica  Division

p a r t l c l p a t l a g  saoba ra  a f  paaa l :  J .  H. F i a k a l ,  M- R. A raa t ta ,  A. S.  Houaakold>r,
G. E. A l b e r t ,  C. L- Parry

S e c k g r e a n t :  Saa M a t b a a a t i c a  Paaa l  Q a a r t a r l y  P r o f r a a a  R a p o r t a  f a r  p e r i e d a
e n d i n g  l a l y  3 1 1 W  (ORNL-408) a n d  J u l y  3 1 /  1950 (OflNL-818).
S t a t a a :  la  ORNL-818 i t  aaa prepaaad tk a t  t b a  fi apac t raa  ba found by oe lv iag  a
a y a t a a  a f  a l g e b r a i c  e q u a t i e a e .  Tka a a l u t i o u a  to too a f  t k a a a  a y a t a a a  ka ta  
b a aa  found, tk a  c a l c u i a t i a a a  being p e r fo rm ed  a a  tka  NRPA d i g i t a l  coopu ta r .  
Tka M atkana t iea  P a a a l  a i l l  c o a t i a u a  tka  c a l c a  l a t i o a a . Tka P a a a l  a i l l  a l a a  
c o a a i d a r  c k a a g ia g  t b a  p r e a a a t  a y a taa  f a r  r e p l a c i n g  tka i n t e g r a l  e q u a t i o n  
(ORNL-818) by a a y a t a a  o f  a l g a b r a i c  a q u a t i a a a .

•Tke Daacoff and M®rri®«a (PAya. I h . IS, p. 122) approaiaatt® ®  feraala® a r a :

•bar®

(Lliln [,.. *_i.* 1rrl II ••>)

.  i z v  (*  ♦ n

«.«*• *> * —  - H j

a •  1/127.01.
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P r t k l t l :  I  VALUATION IP  AN IN T N IA L

• r ig lB ;  Dr. S. T u t o r ,  P k y i i e i  D i v i i i o a

P a r t U i M t l l l  B anker a e f  p t n l ;  D. V. W h itc o n b e , C. P e rh a cs . J .  H. F ie h e l,
C. L. P a r r y

B t« k |r « a M  and l l a t M ;  D r .  Tenor i o t a  t h e  i n t e g r a l

0 ( A .  f )  *  n  - * 9 (A , B ) / A  + 2
d *  [A 1 • $ ( * .  A,  i )  - ( * 9 .  * ) - $ * ]  

[ A*  • * < « ) ] * «

where

♦ < * .  A,  t ) a * e ' l / *  ♦ * * ,

* ( m9 . A .  B )  = 0.

* ,  > 0 .

e v a lu a te d  f o r  27 p a i r a  o f  A and f .  Me has  i n v e s t i g a t e d  th e  b e h a v io r  o f  th e  

in t e g r a n d .  M r. W h i tc o a h e  c o n t in u e d  th a a a  i a v a s t i g a t i o a s  (s e e ,  f o r  a x a a p ls ,  

aaaoraadua  t a  D r .  Taa io r ,  ORNL C e n t r a l  F i l e s  No. $ 1 *2 *1 0 ) .  M r .  F ia h e l  c a l c u 

la t e d  the  va lue  o f  t h e  in te g ra n d  an IBM a q u ip a e u t .  The va lue  o f  the i n t e g r a l  

w i l l  ha found f r o a  th e  IBM ta b u la t i o n  o f  th e  in te g ra n d  hy hand n a c h in a  c a lc u 

l a t i n g

P ra b ie s : CKCSINS ST OB APIS M B NBALTB PHYSICS

•  r t g l a :  D r .  K. Z. Morgan, H e a lth  p h y s ic s

P a r t  la  I  pa tin g  seat or n f  panel: C. Perhacs

t e a k  g round  and S t a t u s :  The M a th e a a t ic s  P an e l p a r t i c i p a t e d  i n  c h e c k in g  sons

c a l c u l a t i o n *  f r o n  w h ic h  g ra ph s  ware d ra w n .  T h in  w o rk  i s  b e in g  c o w p la ta d  by 

H e a l t h  P h y s ic s .

41 UNCLASSIFIED



UNCLASSIFIED

r r r t l a :  U IC ANALYSIS

O r ig in ;  B. S. Bor is ,  J r . ,  M e ta l lu rg y  Division 

P a r t i c i p a t i n g  l e a k o r  o f  P a u l :  C. L- Pa r ry

Beekf r e a a i  and N tataa: Mr. B o r ia  a sk e d  tke M a th e a a t ic a  p a a a l  to  •  vs l a s t s  l i t
Foariar  i n t e g r a l s .  These i a t e g r a l s  va ra

The i n t e g r a l s  v a ra  approximated by a aan,  and the  an as  va ra  competed on t b o  
NEPA d i g i t a l  c o n p a t a r .  In  f n t n r o  aval  n a t i o n s  o f  tb o  above i n t e g r a l s  s i a  
hnadrad s u b d i v i s i o n s  o i l l  bo u sed .  The s i n s  and c o s i n e  fu n c t io n s  for 0 * 0 ,  
1,  . . . .  10 w i l l  ba s t o r e d  on n lo n g  t a p s  fo r  t h e  NEPA d i g i t a l  c o a p o t o r ' o  
l i b r a r y .  When t h i s  baa boon c o n p l o t a d  the i n t e g r a l s  can ba aval  sa ted  and t h e  
valnas  r e t a r  nod to  tbo Metallurgy  D iv i s io n  in  too days o r  l o s s ,  provided t h e r e  
io n e t  a back log  o f  problens  fo r  tbo  NEPA d i g i t a l  c o n p o t e r .

p re b le n : OBTttOINATION OP KLBCTOONIC STOP PINS P N IM  P M  IM S

O r i g i n :  Dr a . O. S. Saydar and J .  Neafe ld ,  Health Phys ico

p a r t i s l p o t i n g  goobers  of Panel:  C. Parkscs ,  K- A. P f ln o g o r

•nckgrooatf and  g tn tn a :  A aac lo o a  ( Zt , Ml ) noviag in  a nodi an ( Z , ,  I , )  u n d e r 
goes aaa rgy  l o s s e s  ooiag to  the  o f f s e t  o f  the  e l e c t r o n s  o f  tbo  e s d io n  a t  t b o
rote

i

F i ( a )  s in  Jw ns ds

where

i * 1. 1 . . . . .  5

•  * 0, 1 ................... IS

F j ( s )  a r e  f i v e  func t ions  n e so a re d  s a p o r i o o o t a l l y
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