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MATHIMATICS VAN 11 QUARTIRIY 

VROORISS RIVORT

S U M M A R Y

Two rew members u d  our reaearch  
par t ic ipan t  have joined the Mathematics 
Panel d u r in g  t h e  c u r r a n t  q u a r t e r .  
Suaio E i s e l l ,  one o f  the nee members, 
ia  from Abbevil le ,  Alabaaia. She ia  a 
graduate o f  the University of Alabaae 
and ia aoe on temporary loan to ANP a t  
Y-12. Herbert Goertsel , the other nee 
eeeber,  ia  from Nee York City,  and he 
ia  a graduate o f  Nee York Univera ity .  
Stacy Hull haa jo ined  the Panel aa a 
Reaearch P a r t i c ip a n t  froa the Univer
a i ty  o f  Arkenaea for a pariod o f  one 
year.

Erneat Ikenberry who vaa with the 
Panel aa a Reaearch Part ic ipant during 
the aummer, haa ra tu rned  to Alabaaa 
Polytechnic I n s t i t u t e .  Barbara McGill 
and Rosenary Crook also l e f t  the Panel 
during the curren t  quarter.

The Genera l  E l e c t r i c  Coapany has  
peraanently loaned a spec ia l -purpose  
d i g i t a l  coaputer  to ORNL. This com
puting ins trument  ( fo rn e r ly  r e f e r r e d  
to aa t h e  NEPA m ach ine)  w i l l  be 
ins ta lled  in the nee reaearch building 
and operated by the Panel.  The coa
p u te r  was d e s ig n e d  to  so lv e  l a r g e  
systems of l inea r  algebraic equations,  
but can a l s o  be used f o r  a l a r g e r  
class of problems.

Good p r o g r e s s  i s  be ing  made a t  
Argonne on the Oak Ridge d i g i t a l  com
puter .  For t e s t i n g  purposes a ten -  
stage s h i f t i n g  r e g i s t e r ,  and a newly 
designed dynamic programmer have been 
c o n s t r u c t e d  and found to  o p e r a t e  
succeasfu lly .  The sh i f t ing  r e g i s t e r s  
in the machine i t s e l f  c o n s t i t u t e  the  
working pa r t  o f  the a r i thmetic  organ, 
and the  dynamic programmer c o n t r o l s  
the sequence o f  t r a n s f e r s  t h a t  take

place in tke course of a given a r i t h 
metic operation.

fork continues on tke memory tubes 
in the hope of inc reas ing  the number 
of consultat ions  without regeneration 
a t  a p a r t i c u l a r  loca t ion  before d i s 
tu rb ing  the c o n te n t s  of neighboring  
locat ions.  Present performance would 
be s a t i s fa c to ry  i f  care were taken in 
coding a problem to insure regeneration 
a f te r  a maximal number of conaultetiona.  
However, t h i s  ia  an extra  burden upon 
th e  c o d e r ,  end would alow up th e  
operetion whenever spec ia l  provis ions 
for regenera tion have to  be i n s e r t e d  
in the coding. Construct ion  of  the 
c on t ro l  w i l l  beg in  soon, fo l lowing  
fabrication of the franc and purchase 
of a power supply.

The Mathematical Group at Argonne as 
well ea a t  Oak Ridge are working up 
standard subroutines  such as will  form 
necessary par ts  of many d i f fe ren t  com
putations.  These include routines for 
mul tip le-precis ion and floating-decimal 
computation; e v a lu a t io n  of s tanda rd  
f u n c t io n s ,  bo th  t r a n s c e n d e n ta l  and 
algebraic;  binary-decimal and decimal- 
b inary  c o n v e r s io n ;  tke s o l u t i o n  o f  
e q u a t i o n s ;  and th e  l i k e .  L a rg e  
l ib ra r i es  of routines  will be e ssen t ia l  
for rapid coding, and i t  ia important 
to have a good one prepared when the 
machine i s  ready to go into operation.

A c o u r s e  i n  th e  t e c h n i q u e s  o f  
p rob lem p r e p a r a t i o n ,  to  be given 
December 3 t o  14,  ia  being planned 
with the coopera t ion  of the S pec ia l  
Training Divis ion ,  ORINS. The course 
will include both lectures and practice  
sessions. Lectures are to be given by
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John von Neumann, I n s t i t u t e  for Advanced 
Study; A. H. Taub and J ,  P. Nash, 
University of I l l i n o i s ; D .  A. Flanders, 
Argonne N a t i o n a l  L a b o r a t o r y ;  and 
members of the Mathaaatics Panel. The 
purpose is  both to  provide an in tensive  
t r a in in g  program fo r  a l l  neebers  of 
the Mathenatics Panel, and at  the same 
t i n e  to  i n t r o d u c e  th e  s u b j e c t  t o  
t e a c h e r s  and p r o a p e c t i v e  f u t u r e  
employees and research par t ic ipan ts .

Two large computing p ro jec ts  were 
completed t h i s  q u a r t e r :  "Angular  
Corre la tion Between Conversion E lec 
trons and Gamma Rays,"  and "Kinet ica  
of HRE." B. M. Drucker, ORINS Fellow 
v i th  the Panel, aas ia ted  in the numer- 
ical  in tegra tion  of several syateas of 
nonlinear d i f f e r e n t i a l  equations  on 
the SEAC ( c f . ,  " K i n e t i c s  of  HREN) .  
The coding for the ca lcu la t ion  of the 
L-Shell i n t e r n a l  conversion c o e f f i 
c ients  on the SEAC i s  being continued 
in Washington ( c f . ,  "C a lcu la t io n  of 
In ternal Conversion Coeff ic ien ts  with 
Screening").

J .  Moshaan p a r t i c i p a t e d  in the  
Naval Medical  R e s e a r c h  I n s t i t u t e  
Conference "On the Twenty*Eight-Day 
Letha l i ty  Study o f  Operations Green
house."  The conference  was held at  
Bethesda, Maryland.

A. S. Houaeholder was a consultant  
at Project  Rand during August. While 
there  he a t t e n d e d  the Synposiua on 
•Siaulfaneout Linear Equations and the 
Determination of  Eigenva lue t , sponsored 
by the National Bureau of  Standards.

Menbers of the panel presented the 
following c o n t r i b u t e d  and i n v i t e d  
papers:

G. E. Albert and Lawis Nelson

"Contribution to  t h e  S t a t i s t i c a l  
Theory of Counter Data," Minneapolis 
Meeting of the Aaerican Matheaatical 
Society.

J .  W. Givens

**A Method of .Computing Eigenvalues 
and Eigenvectors Suggested by C lass i
cal  Heaulta on Syaae t r ic  Matrices," 
Sympo n u a  on S im ul taneous  Linear  
Equations and the Determination of  
Eigenvalues, sponsored by the Nation
al Bureau of Standards.

A. S. Householder

"The Geosetry of  S o a e  I t e r a t i v e  
Methods fo r  S o l v i n g  L inear  Equa
t i o n s , "  Sympoiium on Simultaneous 
Linear Equat iont  and the Determi• 
nation of  Eigenvalues,  sponsored by 
the National Bureau o f  Standarda.

The following l e c t u r e s  were p r e 
sented by members o f  the  Panel as a 
p a r t  o f  the ORINS Trav e l in g  Lecture  
Progras:

A. W. Kimball

"Microbiological  Assays  with Non
para l le l  Response Curves," Virginia 
Polytechnic I n s t i t u t e ,  August 20, 
1951.
"On Dependent Tes ts  o f  Significance 
in the A n a l y s i s  o f  V a r i a n c e , "  
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e ,  
August 21, 1951.

W. C. Sangren

"Mathematics a t  Oak Ridge," Western 
Michigan College, October 17, 1951.

A repor t  of the  proceedings  of a 
symposium on the Monte Carlo Method 
he ld  in  Los A n g e le s ,  C a l i f o r n i a ,  
June 29, 30, and J u l y  1, 1949, was 
published by the United Sta tes  Govern
ment P r i n t i n g  O f f i c e  d u r i n g  t h e  
quar te r .  A. S. Householder was the 
e d i to r  o f  t h i s  p u b l i c a t i o n ,  which 
inc luded the  f o l l o w i n g  p a p e r s  by 
members o f  the Panel (Panel members 
names are in i t a l i c s ) :

2
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A, S..  Householder

"Neutron Age C a l c u l a t i o n *  in  Veter ,  
Graphi te ,  and T i s s u e .”

Wendell De Marcus, t e s t s  Nelson

"Methods o f  P r o b a b i l i t i e s  in  Chains 
A pp l ied  to P a r t i c l e  T r a n s e i s a i o n  
Through Matter."

B. A. Shoor,  Lewis Nelson ,  Wendell 
De Marcus, Robert L. Echola

"A Monte Carlo Technique f o r  E s t i 
mating  P a r t i c l e  A t te n u a t io n  in  Bulk 
M a t t e r . "

O ther  paper* by Panel  members t h a t  
appeared during the q u a r t e r  were:

J .  Mo aha an

"Hematological E f f e c t s  o f  C h ro n ic  
Low-Level I r r a d i a t i o n , "  The Journal  
o f  Appl ied  Physiology,  August 1951.

"On the  S p e c i f i c i t y  o f  Hypervolemia 
in C e r t a in  Tumor-Be a r  i n g M i c e , "  
Cancer Research,  J u ly  1951.

P R O J E C T S

METHODS OP COMPUTATION POM USE V1TM A 
HIGH-SPEED AUTOMATIC-SEQUENCED COM
PUTES*

P a r t i c i p a t i n g  Mem ber  o f  P s a e l .  
Wal l ace  Given s .

B ackgr ou nd and S t a t u s .  Th e adven t  
o f  h i g h - a p e e d  a u t o m a t i c - s e q u e n c e d  
d i g i t i a l  computer s ,  has  made i t  n e c e s 
s a r y  t o  ( 1 )  r e v i s e  e x i s t i n g  t e c h n i q u e s  
o f  n u m e r i c a l  com pu ta t ion  t o  c o m p l e t e l y  
m echan i se  mil  s t e p s  now i n v o l v i n g  t h e  
ju dgm en t  o f  t h e  o p e r a t o r ,  ( 2 )  i n v e n t  
methods  f o r  n u m e r i c a l  s o l u t i o n  o f  
p rob lem s  p r e v i o u s l y  t o o  l o n g  t o  b e  
worked,  ( 3 )  e v a l u a t e  a l l  p r o p o s e d

*Cf. problem 1. 2. 3.

methods ma to  th e i r  economy of machine 
time,  and (4) obtain exact  and perhaps 
p r o b a b i l i s t i c  upper  bounds  fo r  the 
e f f e c t  o f  r o u n d - o f f  e r r o r  on th e  
q u a n t i t i e s  ca lcula ted .  Other problems 
o f  n u m e r i c a l  a n a l y s i s  t h a t  remain 
s i g n i f i c a n t  and are r e l a t e d  t o - t h e s e ,  
are t h e  ones  most  a f f e c t e d  by the  
s p e c i f i c  c h a r a c t e r i s t i c s  o f  the  Oak 
Ridge compute r— high s p e e d ,  so t h a t  
c o n t i n u i n g  i n s p e c t i o n  o f  r e s u l t s  i s  
in p o s a ib le i  and, o p e ra t io n s  numbering 
in the m i l l i o n s  so tha t  round-of f  e r ro r  
may accumulate d i sa s t rous ly .

A d i g i t a l  computer  can c a r r y  ou t  
only the opera t ions  of  a r i t h m e t i c  and 
c e r t a in  l o g i c a l  c h o ices  based  on the 
comparison o f  n u m b e r s ,  t h e r e f o r e ,  
eve ry  p rob lem  must be s n t h m e t i t e d  
be fo re  i t  can be coded fo r  s o l u t i o n .  
The p r e s e n t  emphasis in t h i s  long-range 
study i s  on the fundamental a lgeb ra ic  
problems t h a t  comprise the l a s t  s tage 
o f  the  computation.

P r o b l e m  1. F i e l d s  o f  V a l u e s  o f  s  
M a t r i x .

Background.  While s tu d y in g  known 
methods o f  e s t i m a t in g  the  maximum of 
the abso lu te  values o f  the eigenvalues  
o f a m a t r i x ,  i t  was noted t h a t  (1 )  many 
e s t i m a t e s  were a c t u a l l y  upper  bounds 
for  the rad ius  of the c i r c l e  about the 
o r ig i n  con ta in ing  the f i e l d  o f  values 
of the m a t r ix ,  and (2) the d e f i n i t i o n  
of f i e l d  o f  values required the i n t r o 
duction ofametr i-c tha t  was i r r e l e v a n t  
to the eigenvalue  problem. An i n v e s t i 
gat ion o f  the  ro le o f  the ( a r b i t r a r y )  
m etr ic  was undertaken with  a view to 
p o s s i b l e  improvement in bounds  for  
e igenva lues .

' R e s u l t s .  D e f i n e  t he  f i e l d  o f  
v a l u e s  of  a r e a l  o r  complex 
square ma tr ix  A r e l a t i v e  to aHenai t ian  
m e t r i c  H to  be t h e  s e t  o f  complex 
numbers given by

(x, A x)H

BC»7 C 0 7
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where (* ,  y ) |  • ** W y,  x and y « n  
column v e c t o r s  w i th  complex numbers 
i i  com ponents ,  s* i s  th e  c o n j u g a t e  
t r s n s p o s o  o f  s ,  end H i s  p o s i t i v e  
d e f i n i t e  H e r n i t i s n .  Then,  ( i )  ths 
f i e ld s  o f  veluss obteined by holding H 
f ixed end e l l o e in g  4 to very over  e l l  
s im i la r  a e t r i c e s  ere the ease es those 
obte ined  by f ix ing A end e l l o e i n g  H to 
v e r y ;  ( 2 )  the  i n t e r s e c t i o n  o f  the 
r e g i o n s  F g i A )  f o r  f i x e d  4 i s  the  
n in iau a  convex polygon con ta in ing  si 1 
th e  r o o t s  o f  4;  (3) e n e c e e s s r y  end 
s u f f i c i e n t  condit ion the t  Ftf(4) i s  the 
n in iaua  polygon o f  (2) for  some choice 
o f  H i s  t h e t  the e l e n e n te ry  d i v i s o r s  
c o r r e s p o n d in g  to r o o t s  l y i n g  on the 
boundery s h e l l  e l l  be simple.

Status. A peper d e s c r i b i n g  t h i s  
problem hee been eccepted f o r  p u b l i -  
c e t i o n  i n  th e  P r o c e e d i n g s  o f  (he 
4 n t r t co n  J fe theae t i ce l  S o c i e t y . Addi
t i o n a l  w o rk - in  t h i s  s r e s  any  prove  
d ee i r sb le ,  but  the problem i s  ina c t ive  
a t  p resen t .

Prafclau t .  Nsaerlcal In v e rt in g  to 
■ntrlcee o f  Iftgh Order.

Background end Stetne. This  i s  a 
s tudy o f  known methods o f  i n v e r t i n g  
la rge  a e t r i c e s  with a a j o r  emphasis on 
o b ta in in g  bounds for the e r r o r  i n t r o 
duced by r o u n d - o f f .  A fundamenta l  
peper o f  t h i s  t i t l e  by von Neumann end 
G o ld s t in e  has been vorked th rough  in

of l e c t u r e s  b e f o r e  th e  M a th e m a t i c s  
Panel Seminar.

Problem I .  Nenericel Computation 
of Bigeavaleee end Kigenvectara.

Bechgroead.  Let  e r e e l  s y a a e t r i c
a e t r i x  4 be g iven end l e t  i t  be r e 
q u i r e d  to f i n d  e l l  e i g e n v a l u e s  end 
e i g e n v e c t o r s  o f  4 .  The p r o b l e a  i e  
e s s e n t i a l l y  e q u iv a le n t  to t h e  d e t e r 
m i n a t i o n  o f  an o r t h o g o n a l  a a t r i x
t  <rr -  i )  such t h e t  r A T  •  D.
where T ' i s  the  t r a n s p o s e  o f  T, end 
D i s  d i a g o n a l ,  with ree l  nuabers  
. . . »  k n on t h e  d i a g o n a l .  The com
p u ta t io n a l  problem involves  two a a j o r  
d i f f i c u l t i e s :  the  number of  components,

“  n i n  ♦ 1 ) ,  o f  A i n c r e a s e s  r a p i d l y  
2
with the o r d e r  o f  4 and t h i s  r e q u i r e s  
l a rg e  s t o r a g e  and many o p e r a t i o n s ;  
and, s ince  the  ere the roots  o f  the 
d e t e r a in s n t s l  equation dot ( x 1 - 4 )  ■ 0 
of  o rder  n, they  ore i r r a t i o n a l  func
t ions  of  the  components o f  4 and must 
be calculmted by •method o f  success ive  
s p p r o x i a s t i o n .  The r e s u l t s  o f  the  
present  s tudy can be viewed e s a a e t h o d  
o f  s e p a r a t i n g  th e se  d i f f i c u l t i e s  so 
they can be encountered s ing ly  r a t h e r  
than simultaneously.
 ̂ Beea lta .  By s sequence o f  a t  most 

”  (n -1 )  (n -2 )  f u l l y  determined  r o t a 

t i o n s  in  c o o r d i n a t e  p l a n e s ,  a
ds t s i 1. The von Neumann -G o ld s  t i n e symmetric a e t r i x  4 o f  o r d e r  n
oeper i s  be ing  p re s e n te d  in a s e r i e s reduced to the  fora

a i p , 0 0 0 0 |1

p , a i p. 0 0 0

0 A a » A 0 0

0 0 fit a « A 0
S -

s • e e s

s s

e

e

e e

e

e ^••1 a s - l  P*-1

0
0 0 0 0 o A . .  a .

r e a l  
in be

807 008



rot 1*11100 ENDING OCTOtea SI, I t l l

The computation o f t h i s  reduced " t r i p l e  
d»tfonal  fora"  o f  A requ i re s  approx i-

aa ta l  y “  n* nul t i p i  i c a t i o n s ,  a 1 d i v i -
i

a ion a, and *“• n1 square roota.

The c h a r a c t e r i s t i c  equat ion o f  S, 
/  (M • 0 (which i a  the  aaaa aa t h a t  
oi  A), i a  o b t a i n e d  by the  ra c u ra io n  
foraula
/,<X> • (A - a t > / , . , ( * )  -

W , . . * *  . <*>

where / . ,  •  0 , / ,  • l ,  
2, • • • ,  n,

and t 1.

a a t n c e a  (uasymmatrtc) o f  tkta ataa ead 
i a  amellsr than expected.

The coepoaaata i ( o f  the e i g e a v e n a r  
o f  S  co r reapoad ia f  to aa aipenvele* p  
caa now be ca l c u la te d  by the recuraaea 
foraa la

* 4 M  *  (V '  * * S > * 4  *

* , . .1  • «»>

The d e t e r a i n a t i o n  o f  the  roo ta  o f  
/ - ( A )  ■ 0,  which are  the e igenva lues  
o i  A except for the  e f f e c t  o f  round-off  
er ror ,  ia  f a c i l i t a t e d  by the fac t  tha t  
the  p o l y n o a i a l a  / , ( \ )  a r e  a S t u r a  
sequence when a l l  the  are d i f f e r e n t  
froa tero .  Then the  nuaber o f  eigen* 
values o f  5 g r e a t e r  than any choaen 
real nuaber o, i a  equal to the nuaber 
o f  v a r ia t io n s  o f  aign in the aequence 
1 - / , (e>, / , ( • > ,  . . . .  / . . . ( a ) ,  fm( a).  
Foraula 2 i a  r e a d i l y  a p p l ied  to the  
autoaat ic  computation o f  auch aequencea. 
I f  the a a t r i x  5 i a  acaled ao t h a t  i t a  
e ig e n v a lu e s  l i e  between -1 and <1, 
each  o f  t h e  n e i g e n v a l u e a  can  be 
loca ted  w i th in  an i n t e r v a l  o f  le ng th  
2* ' ,  by acoapu ta t ion  involving no more 
than 2(s ♦ 1) (n - 1) a ^  J  in *  a u I m 
p l i c a t i o n s .  Thua f o r  n ■ 100 a rd

• • 40, i t  appears t h a t  n* ♦BO na ~  2

a i l  lion m u l t i p l i c a t i o n s  would s u f f i c e  
to determine the eigenvalues.  In th i a  
eva lua tion  only m u l t i p l i c a t i o n s  have 
been c o n s id e re d  s i n c e  a d d i t i o n s  a r e  
auch f a s t e r  than m u l t i p l i c a t i o n s ,  and 
d i v i s i o n s  and s q u a r e  r o o t a  a r e  n o t  
nuaeroua.  T h i s  i a  o f  the o r d e r  r e 
q u i r e d  f o r  two m u l t i p l i c a t i o n s  o f

where « ' •  l ,  a - 1 ,  '• a# •  0,
and for I • a ,  fim • 1# sad a , , .  •  0 »a 
a check on the computa t ion.  v»hen any 

•  0, the de termina tion  of the a t  gen - 
va luas  can be r e p la c e d  by the c o r r e 
s p o n d i n g  p r o b l e m  f o r  two s m a l l e r  
a a t r i c e a .  Formula 3 f a i l s  in rase any 
fi. * 0,  r e f l e c t i n g  t h e  f a c t  t h a t  ia 
t h i s  case the e i g e n v e c t o r  has e i t h e r  
i t a  f i r s t  i or i t s  l a e t  n - i  components 
ae ro  or i a  m a t h e m a t i c a l l y  i n d e t e r 
mina te .  Finding the  e igenvec to rs  o f  
A whoa those o f  5  have been calcu la ted  
makes heavy demands on the memory of 
t h e  machine and r e q u i r e s  a d d i t i o n a l  
computat ion with a t t e n d a n t  round-of f  
e r r o r ,  but i s  e a s i l y  descr ibed mathe
mat ica l ly .

S t a t u s .  The above  r e s u l t s  have 
been presented to  the  Mathematics Panel 
Seminar and at  the "Symposium on Simul
taneous Linear Equat ions and the Deter 
mination o f  Eigenvalues** sponsored by 
the  N at iona l  Bureau o f  S tandards  at 
U.C.L.A. on August 23-2S,  1951. Bounds 
fo r  the e f f e c t  of round -o f f  e r ro r  are 
needed. How small valuea of f) should 
be t r ea ted  r e q u i r e s  ad d i t io n a l  s tudy.  
This  study wil l  be continued.

BASIC STUDIES IN T IE  MONTE CASIO METHOD

P a r t i c i p a t i n g  B a a b a r  o f  P a a a l .
G. E. Albert.

d e f e r e n c e s .  ( a )  G. E. A l b e r t ,  
**Basic S t u d i e s  in  t h e  Monte C a r l o

P0 »
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Method*" Mathemoti c t  Pent I Quarterly 
Progress Report ORNL-1091; and (6) G. 
E. Albert* Mcaorsndun to  A. S. House- 
holder oa "A General Approach to  the 
Monte Carlo Eatiuation of the Soletiona 
of  C e r t a i n  Fredholm I n t e g r a l  Equa
t ions ,"  Parts  I tad II*

S ta tu s .  P a r t  I I  of re fe rence  (M 
van i taued  October 4,  1951 and given 
the aerne c i rcu la t ion  an Par t  I .

The plan o f  P a r t  I I  as is sued is  
d i f f e r e n t  froa  the pleu  proposed in 
reference (e);  i t  ends with the expla
nation of representa tive  sampling for 
chaia lengths.  Research on the s t ruc 
ture of the atochaatie processes needed 
for an incorporation of representative 
sampl ing  of c h a in  p o i n t s  i n t o  the 
estimation of the ser ies  (1) of re fe r 
ence (e) has proved d i f f i c u l t .  This 
s u b j e c t  w i l l  be t r e a t e d  in  a t h i r d  
pert  for the oenorenda of reference ( M .

COUNTER STATISTICS

P a r t i e i p a t i u g  Sanborn of  Panel.
G. E. Albert and Levis Nelson.

S ta tu e .  An ORNL r e p o r t  t h a t  i n 
c o r p o r a t e s  r e s u l t s  on c o n f i d e n c e  
i n t e r v a l s  ( a b s t r a c t e d  in  p re v io u s  
Quarter ly Reports) i s  being prepared. 
The r e p o r t  w i l l  be s u f f i c i e n t l y  ex
planatory for easy use of the resu l ts .

TO FINS BOUNDS FSt TIB IAUSUS OF A 
FUNCTION ABISINO IN TIB BBISITINO OF 
SISIIVATI0N8

weight f a c to r s  !a such t h a t  i f  ■ 
y im* the  ra t io

Origin.
Panel.

A. W. Kimball* Mathenatica

P a r t i c i p a t i n g  lauba
Wallace Givens.

B aehground . Given 
o b s e r v a t i o n s  ( i  •

•i P> of i

il.

R -

E (*i. • *.
**•

i s  an ex t rens l ,  where

x  ■ ' —  I
np I,a i« »

*< * ---- S  * i o  ••• p s **

In the p resen t  problen only an upper 
bound for th is  extrenal was sought.

B a a u l t s .  The e x t r e n e  v a lu e s  in 
quest ion can be shown to  be ro o ts  of 
the equation deterninsntOf) ■ 0, where

If -  -  — 
n

e

♦ (0 ♦ l )  5 -

diagonal (Sli» V !

a • 1,

a s e t  o f  a
1* • • • •  o; 

P v a r i a t e s ,  to find

s . ,  ■ f  *.  ■ ^ -

For a spec ia l  case in which a l l  i t  ■ 0, 
i t  was shown that  for a su i tab le  choice 
of Ffa* P t ° ° t s  could be <f4/ (p  - cf,), 
for an a rb i t r a ry  choice of p pos i t ive  
numbers di with sun p. Hence in  th is  
sp ec ia l  cose no bounds for the  roots

6
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FOR PERIOD ENDING OCTOBER SI, 1951

can be g i v e n  o t h e r  th a n  t e r o a n d  
in f in i ty .  Some consideration was given 
to the  a p p r o p r i a t e  approach to  the  
problen should o the r  r e s t r i c t i o n s  be 
put on the observations.

S t a t e s .  T h i s  problesi  has been 
conpleted.

A RETROD FOR H E A T IN G  CERTAIN SECOND- 
OIDEI NONLINEAR DIFFERENTIAL EQUATIONS

P a r t i c i p a t i n g  l e a b e r  o f  P a n e l .  
R. C. Sangren.

B a c k g r o u n d  a n d  S t a t u s .  I t  i a
poaaible in an elenentsry way to solve 
or a t  l e a s t  o b t a i n  an i n t e g r a t i o n  
constant for la rge  c lasses  of second- 
order nonlinear d i f f e r e n t i a l  equations.  
Sone e q u a t io n s  of  r e a c t o r  k i n e t i c a  
fa l l  into  these c lasses .  The e lenentsry  
nethod c o n s i s t s  of  f a c to r in g  n d i f 
f e r e n t i a l  e q u a t io n  and then e i t h e r  
so lv ing  in sequence two f i r a t - o r d e r  
equations or solving a simpler second- 
order equa t ion .  The eq ua t ions  con
sidered are  a l l  o f  the forn

«<*. y.  y ' )  y '  - '<«, r. r'>.
where the primes denote d i f f e r en t ia t io n  
with r e s p e c t  to  t .  The e q u a t i o n s  
a c t u a l l y  c o n s i d e r e d  f a l l  i n t o  the  
following three general clasaea:

where a , ,  i , ,  s ,  represent t ,  y ,  y 1 in 
any order,  and where f ,  h, g, C, k , K 
a re  f u n c t i o n s  o f  t h e i r  r e s p e c t i v e  
v a r i a b l e s .  C l a s s e s  1 and 2 can be

id it hi i b c l i
cording to  whether i ( equals t or y or
r*-

For c l a s s  1 t h e  equat ion  nay be 
d v

w r i t t en  a s ——  ♦ / ( * , )  v • 0 , where 
d * i

v • M x | t  i , ,  s , )  ia  considered to be 
a func t ion  o f  x , .  The s o l u t i o n  of

dv . •/** /(«)d*- — ♦ / ( jc. ) v • 0 s s v « c e  ,
d t x
where c ia  an i n t e g r a t i o n  c o n s ta n t .

_  . .  . / * '  / ( . X .Thus, M x , ,  * , ,  x . ) t • c .
The equations of c lass  1 can therefore 
be solved i f  one can solve t h i s  l a s t  
f i r s t -o rd e r  equation.

For c l a a a  2 the  equation  nay be 
dw

w ri t t en  as *7 — ♦ s ( x , ) w ■ 0 , where 
d*i

* * g ( x , , xf , Xj ) ,  and consequently
w • G {g}, are considered to be func
tions of x( . Multiplying by the in te -

. , . /  1 «(*)d«grating fac tor r ( x t ) * * and
then in tegra t ing  g i v e s r ( x , ) w(x,) ■ c,
where c i s  an i n t e g r a t i o n  constant  .

‘1» : > ) )

*7“  + E < * i *  * ! •  **> C g ( x l t  x | #  X , ) } ]  •  0  ,

’ » ] [ I f  { * ,  « ) ]  •  0  ,

R O T  O i l
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Since “—  ■ f r, it follows that 
dti

dr
dxt

a •

Further, since a ■ g(*,, x,, *3 ) and 
» ■ G {g}, it follows that

r G<

dr
dx.

c.

r G < ► a C

for r(x,), and then solves the first* 
order equation

s(*t) • g(x|t a,, *j)

dr
dx.

(6)

where

The equationa of class 2 can therefore 
be solved if o n e  first solves the 
first-order equation

(a)

where

—  ♦ s(t) »(t) ■ 0 , 
d (

« ■ kit, y) .

w ■ K U ,  fc' t) ,

r(t) w ( f ) - c,

/ •(s)dt
r a • ,

for y.

The procedure for class 3 equations 
is sinilar to that for class 2. In 
■stheasticsl outline the procedure ia:

and c is an integration constant, 

(c) r'(t> • a r ,

and therefore

r*
s ----- .

fr* r* rtl ]
(d) r(t) * J - c  ,

and («), solve the second-order equa
tion of (d) for r(t) and then substi
tute for r(t) and r*(t) in the equation

“ *■ y) *7<7fu order to obt■i,,,
either iaplicitly or explicitly.

Particular solutions of class 1, 
2, and 3 can be found by nerely setting 
the inner factors equal to sero, i.e., 
for class 1 let M x |# x }, *.) ■ 0, for 
class 2 let C {g(x,, x|t xa ;) * 0, for 
class 3 let A ik, k ‘t t) ■ 0, and then 
solving for y for all three classes.

INTBfiBATION IN TIB PIABB PLANS
Participating lasher of Penal.

V. C. Sangren.

Background tad Statae. Soae non
linear s e c o n d - o r d e r  d i f f e r e n t i a l  
equations, including soae of interest 
in reactor kinetics, can be solved or 
at least their first integral found by 
replacing’ the second-order equations 
by two first-order equations that nay 
be integrated directly by quadrature 
in the resulting phase plane. The 
following three types of equations can 
be treated in such a fashion:

807 012
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FOB PEBIOD ENDING OCTOBER 31, If SI

dH .
•• dy y r ( t )  •
y ■ ■ ♦  -------* y  ♦
7 «<y) r ( t )  7

(3C(y)  r* ( l )

replaced by

y  -  x H(y) r ( l )  ,

;  ■ « « )  g S  -<«> » <

' ■ £1 i *' fe) '«•' g
replaced by

y •  x l (y)  r ( t )  ,

* • [/<*) - a1] —  r ( t )  
dy

-  « ( y )  * ,  . r  •y  -  ——  r  + -  y 
M(y) r

replaced by

y  ■ * My) r ( t )

; • b  - g *">]

P a r t i c i p a t i n g  Members o
A. V. Kiaball  and G. J .  Atta.

1.

Background aad Sta taa .  Aa pa r t  of 
a l a r g e r  atudy on the p h y a io lo g ica l  
p ro p e r t i c a  of the a l i a e  Bold Diclyo- 
t t t l l i u a discotdeum,  a i c r o - K je ld a h l  
d e t e r a i n a t i o n t  fo r  n i t r o g e n  in  the 
aluga and culaa  were c a r r i e d  ou t  in 
t h r e e  d i f f e r e n t  e x p e r i a o n t a .  The 
r e a u l t a  are  ahown in Table 1, wheren 
i a  the  nuaber of d e t e r a i n a t i o n a  and 
x ia  the a r i th a e t ic  mean.

TABU 1.

,i<

SLUGS CULMS
EXPERIMENT a s e a

1 4 0.0940 4 0.0725
2 4 0,0545 5 0.0558
3 5 0.1100 3 0.0900

U sing  S n e d e c o r ' s  m ethod*1 * for 
d isproport ionate  subclass nuabers,  the 
a n a ly s i s  of  variance  in Table  2 was 
computed.

TABU Z

Analysts of Vartaace

r ( t )  j (3)

there  the dot denotes d i f f e r e n t i a t i o n  
with respect to t .  There are  numerous 
s p e c i a l  cases t h a t  are  i n t e r e s t i n g ,  
e . g . , y -  F(y) G(y).

NITROGEN DISTRIBUTION INDICTYOSTELHUM 
DISCOlDEUy

O r i g i n .  J .  H. G reg g ,  B io logy  
Division.

SOURCE OF VARIATION

DEGREES
OF

FREEDOM ICAN SQUARE

Slugs va. culms 1 0.0009879
Among experiments 2 0.0042979
Interaction 2 0.0003452
Experimental error ___19_ 0.0002033

TOTAL 24

On the  bas is  of th e se  few d e t e r -  
a i n a t i o n s ,  the  n i t r o g e n  c o n t e n t  of 
a luga  exceeds  t h a t  o f  c u l a a  by an

(I)G. 1. Saidicor, SlaliilUil Metherfi UtH 
ed.: Am i , la.i Iowa State Collage Press, 1946), 
p. 269.

807- 0J3
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anount which ia  a i g n i f i c a n t  a t  the  5X 
l e v e l .  There i a ,  however, d e f i n i t e l y  
■ore v a r i a t i o n  aaong exper iments than 
w ith in  exper iment! .  In the  fu tu r e  an 
a t t e a p t  w i l l  be nade to  i n c r e a a e  the 
a e n a i t i v i t y  o f  theae  c o n p a r i a o n a  by 
d i s c o v e r i n g  and e l i a i n a t i n g  the  wide 
va r ia t ion  aaong exper iaea ta .

The o b a e rv e d  d i f f e r e n c e  between 
aluga and culaa  over a l l  th ree  exper i -  
a en ta  i a  0 .0181.  I t  can be shown*2* 
tha t  a r e a l  d i f f e r e n c e  o f  th iaaagn i tude  
can be d e t e c t e d  a t  the  5% l e v e l  with 
a p r o b a b i l i t y  o f  0 .9S  i f  a b o u t  18 
d e t e r a i n a t i o n a  are  o b ta in e d  in  each 
group. Thua to  cont rol  the aecond kind 
of  e r r o r  a t  about  5X, the  n u a b e r  of  
observa tions  ahould be increaaed about 
SOX.
ANALYSIS OP GENETICS EXPERIMENT V IT I
DROSOPHILA

O r i g i n .  V. K. B a k e r ,  B i o l o g y  
Division.

P a r t i c i p a t i n g  H eabera  o f  P 
A. W. Kiabal l  and G. J .  Atte .

>1.

B a c k g ro u n d  and S t a t u e .  Aa p a r t  of  
the r a d i a t i o n  g e n e t i c a  p r o g r a a  wi th  
Drosophila , F% aa le  * peach feaa le  and 
Ft f e aa le  * peach s a l e ,  in  Drosophi la  
v t r i l i s  r e a u l t e d  in  o f f a p r i n g  which 
were c l a s s i f i e d  aa wild type or peach,  
■ale o r  f e a a l e .  According to  th e o ry  
the f r e q u e n c i e a  in theae four  groupa 
ahould b e . i n  a 1 :1 :1 :1  r a t i o .  I t  waa 
des i r ed  to t e a t  t h i a  h y po the s ia  a t a -  
t i a t i c a l l y .

The e x p e r i a e n t  waa an a ly se d  by a 
pow erfu l  b u t  ae ldon  uaed a e t h o d  o f  
p a r t i t i o n i n g  X1 into ind ividual  degreea 
of freedoa.  F isher*1* has ahown t h a t  
i f  s i a  a l i n e a r  function o f  observed 
frequencies ,  such as

i  •  k, a ♦ k,  1 ♦ i # i  ,

and i f  the t h e o r e t i c a l  p r o b a b i l i t y  in  
the i t k  c l aaa  i a  given by p i t  the aean 
value of  x w i l l  be

n l  Pi  k t

and i t s  sampling variance w i l l  be

n  [X  Pi J r ,*  -  ( X P j  k ( ) M  .

where n * o + 6 + . . ' .  * x .  I f  a 
aecond l i n e a r  function of  the observed 
f requenciea ,  y ,  con ta ins  c o e f f i c i e n t s  
k j 1, then the covar iance o f  x and y  aa

n [ l p i k i k - ( l p i k i ) (2 pj  k i ' ) ]  .

By choosing a a e t  o f  l i n e a r  func t ions  
which have t e r o  tie ana and ae ro  co-  
var iances (and are  t h e re fo re  o r th o g o 
nal )  the ( a -1 )  degreea of f reedoa for  
X* can be p a r t i t i o n e d  in to  in d iv id u a l  
degreea of  f reedoa.

In the  p r e s e n t  e x p e r i a e n t ,  a  •  4 
and a X1 with 3 degreea of  freedoa waa 
coaputed for  each sit t ing in each croaa.  
Of the 28 v a lu e s  o f  X2 only two were 
less probable than 0.05 under the nu l l  
hypo thes i s .  On t h i a  baa ia  alone one 
would tend to  conclude tha t  the ex p e r i 
a e n t  e g r e e d  r e a s o n a b l y  w e l l  w i t h  
theory. Each X2 waa fur ther  p a r t i t i o n e d  
i n t o  i n d i v i d u a l  deg reea  o f  f r e e d o a  
corresponding to  the th ree  c o n t r a s t s  
(1) wild type va. peach,  (2) a a l e  vs .  
feaale,  and (3) the  in te rac t io n  between 
(1) and (2 ) .  Theae values were auaaed 
in each  c r o s s  g i v i n g  a X 1 w i t h  14 
degrees of  freedoa for each c o n t r a s t :

OQN1BAST

(3)M. H a r r i s ,  D. G. H o rv it i ,  sad  A. M. Mood, 
"Oh U iaD itana ina tion  o f  Saadis S i sea in  Desismimi 
Experim ents," J. 4 a . S la t .  Asm. 43, 396-7 (1948).

cross

*2 *R. A. F i s h e r ,  S t a t i s t i c a l  M ethod* for  
ts e s re h  V o rlc rc  (1 0 th  e d . ( se c . SS; E d inburgh , 

: O liv e r and Boyd, 1946).
Acs car 
London

F ,  w ale X poach  fem ale  22 .22  7 .4 7  2 3 .4 8

F j fem ale X p eech  w a le  13.98  14 .70  1 1 .9 2

80"
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FOR PERIOD ENDING OCTOBER II, 1951

In the first cross there teens to be 
sons evidence of s departure fros 
expectation in the wild type vs. peach 
classes and in the interaction, whereas 
the second cross does not sanifest any 
departure from hypothesis. It is 
possible that some explanation of this 
difference can be found; in any case 
the evidence is sufficiently strong to 
warrant further experinentation. It 
should he noted that analysis by 
siisple X* uethods, without parti
tioning, would not have uncovered such 
evidecce.

FERRITIN AND I M 0 8 I D K M N  PRODUCTION IN 
Limt OP NOKIAL NICE

Orlgfta. J. K. Hampton and J. B. 
Kahn, Biology Division.

>1.
A. I. Kimball.

Background and Status. Following 
the development of e method for frac
tionating liver iron into its various 
conponenta, an experiment was designed 
to relate the dose of iron, as tagged 
iron annoniun citrate, to the ability 
of the liver to forai ferritin iron and 
hesosiderin iron. A total of 37 sice 
were given doses ranging fros 12.S to 
125 /xg. Average effective doses 
obtained by counting immediately after

injection varied from 10.SI to 104.8 
Mg, since some was lost during admin
istration. All animals were sacrificed 
IS hr after injection. The average 
effective doses along with the observed 
and fitted ferritin and hemosiderin 
liver fractions are shown in Table 3.

o be slightly 
y • ax ♦ 6x*

The responses seemed to 
parabolic, so the curve 
was fitted to both sets of date by the 
method of least squares. The fitted 
constants are:

FERRITIN HEMOSIDERIN
o 0.1S76 
b 0.001720

0.1962
0.000994

All four estimates differed signifi
cantly from tero at the 5% level, but 
the differences between corresponding 
constants for ferritin and hemosiderin 
(i.e., 0.1576 - 0.1962 and 0.001720 . 
0.000994) shoved no statistical signif
icance. These results contradict s 
previously accepted theory that in 
normal animals the liver manufactures 
much more ferritin than hemosiderin.

It is believed that some difference 
between the rates of production of the 
two iron fractions may be found if the 
responses are related to time after 
injection. Experiments designed to 
investigate this are now in progress.

TABLE 3
Observed usd Fitted Ferritin and Hemosiderin Fraction in Liver

NO. OF 
MICE

AVG. EFFECTIVE FERRITIN FRACTION, Ai/f HEMOSIDERIN FRACTION, f i g / g

DOSE, fLg OBSERVED FITTEO OBSERVED FITTED

6 10.51 2.23 1.85 2.06 2.17
7 23.61 4.62 4.68 5.41 5.19
6 39.25 7.64 8.83 10.05 9.23
5 64.88 20.59 17.46 17.84 16.92
6 83.93 22.95 25.34 21.17 23.47
7 104.80 36.09 35.40 I 32'31 31.48
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INDICES OP OXYGEN EFFECT ON IITOSIS 
POLLOIING I MEDIATION

Orig f ta .  M. E. G a u ld e n ,  Biology 
Division.

P a r t i c i p a t i n g  N eabera  o f  P a a e l .
J .  Moahaan and G. J .  A t ta .

Bachgroaad tad S ta ins .  The charac
t e r i s t i c  curve  o f  a i t o t i c  a c t i v i t y  
fo l l o w in g  i r r a d i a t i o n  o f  s u f f i c i e n t  
magnitude a t a r t a  a t  the n o ra a l  r a t e ,  
i s  then s h a r p ly . depressed  to a period 
o f  c o ap le te  i n h i b i t i o n ,  recovers  a t  a 
r a p i d  pace  to  a p e r i o d  o f  a c t i v i t y  
g r e a t l y  in excess o f  t h e  n o r a s l r a t e ,  
and then g radua l ly  t a p e r s  o f f  to  the 
noraa l  ra te  of  n i t o s i s .

Various aeasures o f  r a d i a t i o n  e f fec t  
on a i t o a i s  were d iscussed  in a previous 
r e p o r t . T h r e e  ind ices  were exsnined 
in  d e t a i l  for a t a o s p h e r i c  in f l u e n c e  
a f t e r  i r r a d i a t i o n  with 64 r .

1. Duration of. m i t o t i c  inh i b i t i on .  
The l e n g t h  o f  the  p e r i o d  o f  do raan t  
a c t i v i t y  was observed u n d e r  va r io u s  
i n t e n s i t i e s  o f  oxygen. Obse rva t ions  
could be r e c o rd e d  o n ly  in  a u l t i p l e a  
o f  22 a i n ,  which wewill  c a l  1 a counting 
p e r i o d .  In F ig .  1, l i n e  A d e p i c t s  
the r e l a t i o n s h i p  o f  the  d u r a t i o n  o f  
t h i s  in h ib i t i o n  period and the propor
t i o n  o f  0 ,  in  the  a t a o a p h e r e .  The 
i n t e r v a l  about each p o i n t  r e p r e s e n t s  
a 95X confidence band. The regress ion 
equat ion  was

0  - 3.43 ♦ 0.16 P (0 ? P  < 11) , .

where D i s  the d u r a t i o n  o f  the i n h i 
b i t i o n  period,  and P i s  the  percentage 
o f  O j.  After  11% a s a tu r a t i o n  se ta  in 
and t h e  d u r a t i o n  was e s s e n t i a l l y  
cons tan t  a t  5.16 i n t e r v a l s .

/  (4p*t,k?T4  j ^ j j * r y ^ F r t g r w i i *

srmn

Fig.  1. Iad ices  o f  N i l o t i c  Ef fec t .

2.  T iae  o f  peak r e c o v e r y , The 
counting  period at which nodal ac t iwity  
e x i s t s  wss observed,  again in u n i t s  of 
22 n i n u t e s .  The r e s u l t i n g  cu rve  i s  
a l s o  p l o t t e d  in  F i g .  1 as  l i n e  B. 
I t s  equa t ion  i s

R -  10.61 ♦ 0.03 P (0 < P < 7)

where R i s  the r ecovery  p e r i o d ,  and 
P i s  t h e  p e r c e n t a g e  oxygen .  A f t e r  
s a t u r a t i o n  a t  7% 0](  the  curve  leve ls  
o f f  a t  13.82 counting pe r iods .  I n t e r 
va l s  abou t  each p o i n t  a r e  a g a in  95% 
confidence U n i t s .

3.  Rat io  of  number o f  t o t a l  div id ing  
c e l l s  to those  in o vacuun.  R a t ios  
were conputed for the t o t a l  nunber of  
c e l l s  counted as being in a s p e c i f i c  
phase o f  n i t o s i s  to  those in  a pai red  
e x p e r i n e n t  with no oxygen p r e s e n t .  
The equat ion  is

T • 1.00 .  0.025 P (0 ^  P < 10) ,

where T i s  the  r a t i o  o f  t o t a l  c e l l  
coun ts  i n  P per  c en t  oxygen to  t e ro  
per c e n t  oxygen. Af te r  10% th e  r a t i o  
rena ins  constan t  a t  about 0 . 7 5 .  This 
i s  s i n i l a r l y  p lo t ted  in Fig .  1 as l ine 
C. C onf idence  bands are  much wider

807 01*
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than for the o th e r  two curvet ,  bu t  a re  
emitted for  the aake o f  s im p l i c i t y .

A r ep o r t  inco rpora t ing  these analyses  
i s  being prepared for  the open l i t e r a 
tu re .
BEAT EFFECT ON CELL EXTINCTION

O r i g i n .  M. E. Gau lden ,  B io lo g y  
Division.

P a r t i c i p a t i n g  N e a b e r s  o r  P a n e l .
J .  Moshman, J .  H. F i s h e l ,  and G. J .  
Atta.

R e f e r e n c e s .  Ma t h e m a t i c s  P a n e l  
Quarterly Progress Repor t s , 0RNL-1029, 
M U  1091.

B a c k g ro u n d  a n d  S t a t u s .  A prev ious  
e x p e r i a e n t  on t h e ‘e f f e c t  o f  h e a t  on 
the  e x t i n c t i o n  o f  c e l l s  t r e a t e d  wi th  
Feulgen and methyl green s t a i n s  revea led  
only a s i g n i f i c a n t  d i f f e r e n c e  between 
s t a i n s ,  but  the r e l a t i v e l y  few degrees 
o f  freedom between* embryos o b v i a t e d  
th e  e a t a b l i s h m e n t  o f  a s i g n i f i c a n t  
heat e f f e c t .

A new experiment waa designed with 
about t r i p l e  the  nunber o f  degrees  o f  
freedom. N o n n o rm a l i ty  and h e t e r o -  
s ce d a a t i c i ty  pointed to a nonparametric  
a n a l y s i s .  The procedure o f  Brown*1 * 
was fol lowed  fo r  a d i s t r i b u t i o n - f r e e  
analog o f  th e  a n a l y s i s  o f  v a r i a n c e .  
Detai led a n a l y a i s  revea led  a s i g n i f i 
c a n t  (P < 0 . 0 1 )  d i f f e r e n c e  due  t o  
hea t ing  and a l so  a s i g n i f i c a n t  i n t e r 
a c t io n  (P fe 0 . 0 1 )  between s t a i n  and 
heat .  The i n t e r a c t i o n  revealed i t s e l f  
in the data by a r eve rsa l  o f  r e l a t i v e  
magnitude between the s t a i n s  with  the 
p resence  and absence  o f  h e a t .  With 
no h a o t ,  c e l l s  t r e a t e d  w i th  m e th y l  
green  s t a i n  had l a r g e r  e x t i n c t i o n s  
than cor responding c e l l s  with Feulgen 
s t a i n  and v i c e  v e r s a .  Th is  problem 
has been completed.

***A. M. Mood. Introduction to t ic  Theory o f  
Sta t i s t ics  (Now York: McGraw-Hill, 1950), p. 405.

ANALYSIS OF BUBBO BLOOD DATA

O r i g i n .  J o h n  H. B u a t ,  UT-AEC 
Agricultura l  Research Program.

P a r t i c i p a t i n g  M e a b e r s  o f  P a m e l .  
A. W. Kimball and G. J .  Atta.

B ack g ro u n d  a n d  S t n t a n .  Not ouch i s  
known about  the  b a s i c  phys io logy  o f  
the b u r r o ,  s i n c e  i t  has  neve r  been  
used ex tens ive ly  for  experimental work. 
Prior  to a a e r i e s  of  m or ta l i ty  e x p e r i -  
aents  using whole-body gamins r a d i a t i o n ,  
blood samples were taken on 108 normal 
burros,  and seve ra l  blood c o n s t i t u e n t s  
were d e t e r m i n e d  in  an a t t e m p t  to  
p ro v id e  t h i s  i n f o r m a t i o n  which  i s  
u s u a l l y  w e l l - e s t a b l i s h e d  fo r  mos t  
l abora to ry  a n im a ls .  The b u r ro s  were 
grouped a c c o r d i n g  to  age and sex as 
shown in Table 4.

TABLE 4

Number o f  A s in a l a

SEX

AGE GROUPS ( y w a r s )

TOTALS1 2 3 4 5*

Male 16 1 0 2 1 0 3 4 1

Female 12 1 9 8 2 5 3 6 7

TOTALS 2 8 2 9 10 35 6 1 0 8

For each o f  n ine  d i f f e r e n t  b lood 
c o n s t i t u e n t s  an a n a l y s i s  o f  v a r i a n c e  
o f  the  form shown in  T a b l e  5 was 
performed.

TABLE 5

A n a l y s t s  o f  V a r ia n c e

SOURCE DEGREES OF FREEDOM

Among Age Groups 4
Between sexes 1
In te rac t ion 4
Error 98

107

807  017

13



MATHEMATICS PANEL QUARTERLY PROGRESS REPORT

The results will be written up snd 
submitted to sn appropriate journal.
IKON UPTAKE IN PEANUT PUNTS

Origin. D. Davis, UT-AEC Agri
cultural Research Program.

Participating Members of Panel.
A. V. Kimball snd G. J. Atta.

Background and Status. The purpose 
of this experiment was to investigate 
the nature of iron uptake in peanut 
plants, including an attempt to evalu
ate the effect of previous exposure to 
varying levels of manganese. Eight 
different treatment combinations were 
employed, corresponding to the desig
nations AA, DB, CC, DD, BA, BB, BC, 
and BD. The letters A, B, C, D refer 
to four different levels of manganese, 
0, 0.S, l.S, and 5.0 ppm in the nutri
ent solution. For two months the 
planta were cultured at a manganese 
level given by the first letter in the 
group designation. After two months 
the solution was replaced with one 
containing the manganese concentration 
given by the second letter in the 
group designation. Also at this time 
Fes* was added to the solutions and 
plants were removed from solution at 
24, 48, 72, and 120 hr later. Several 
different plant parts were counted and 
an analysis of variance waa computed 
for each. The experiment was repeated 
four tines.

The analyses differed slightly for 
the various plant parts but the analysis 
for leaflets, as ahown in Table 6, ia 
typical. When preliminary testa of 
significance indicated no differences 
among the GR, TR, and GTR interactions, 
they were pooled to provide more sensi
tive tests for the main effecta and 
the GT interaction. Otherwise, each 
effect was tested with its respective 
error variance. The treatment group 
sun of squares was broken down into 
individual degrees of freedom to

14

TABLE 8

Analysts for Leaflets

SOURCE OF VARIATION (

DEGREES
OF

FREEDOM

Aaong treatment groups (G) 7
Aaong removal times (T) 3
Among replications (R) 3
GT interaction 21
GR interaction 21
TR interaction 9
GTR interaction 63

TOTAL 127

provide testa for the effect of past 
history and for specific comparisons 
among the treatment groups.

The experiment is being written up 
and will be submitted to an appropriate 
journal for publication.
FLOW STUDIES IN TANKS IN SEB1KS

Origin. C. P. Straub, Health 
Physica Division.

Participating Member of Panel.
E. Ikenberry.

Kefereaces. R. V. Kehr, "Detention 
of Liquids Being Mixed in Continuous 
Flow Tanks," Sewage Vorkt  J ., 8, 915 
(1936); H. A. Thomas, Jr., and J. E. 
McKee, "Longitudinal' Mixing in Aeration 
Tanks," Sewage Forks J., IB, 42-SS 
(1944); and H. A. Thomas, Jr., snd R. 
S. Archibald, "Longitudinal Mixing 
Measured by Radioactive Tracers," Aa. 
Soc. Civil Engrt . , IT, Separate No. 84 
(1951).

Background aad States. The input 
to the firat of n tanks in series, with 
initial concentrations a^(0) • , is 
a,(t). It is desired to find the con
centrations a.(f), assuming perfect 
mixing. The differential equations 
for Oj(f) are:

oi880T
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d a A  l )

i t  * Ki ■ # i ( , ) }  •
B j / 4  -  - X ,M X ,  -  X( ) ,

i ■ 1 ,  2 ,  . . . ,  n , (1) *

•
w h e r e  1 A 4 i t  t h e  d e t e n t i o n  p e r i o d  
( v o l u a e / r a t e  o f  f low)  o f  t a n k  i .

Ri j k l  •  e ’^ ' / l X j  - X( )(Xt  .  Xj)(X .  X,) ,

S o l u t i o n  o f  t he  d i f f e r e n t i a l  equa - 
t i o n a . I t  i s  e v i d e n t  t h a t  th e  a o l u t i o n  
■ay be  w r i t t e n  i n  t h e  f o r a

i *

e t c .  T h e r e  i s  o b t a i n e d ,  f o r  t h e  case  
o f  u n e q u a l  d e t e n t i o n  t i n e a .

n
o t ( f )  ■ / , ( e ) ♦ c ,  R t  ,

•  4<t> ■ /<(*> ♦ c .  g j i ( i )  , (2)

J m*
a j ( t )  •  / f ( t )  *

whe re  t h e  f u n c t i o n s  f i ( t ) ar'e  s o l u t i o n s

CI ^ l t  4 1^, 4 e i  ^2 •
s ' '

o f  E q .  I w i t h  s 0 ( t )  ■ / 0 ( t )  a n d a , ( t )  ■ / , ( * )  +
/ { ( 0 )  -  0 ,  end t h e  f u n c t i o n s  g ^ ( t )  a r e  

s o l u t i o n s  o f  E q .  1 w i t h  a f ( t )  • 0 , C1 P2» ^ l l l  4 fll l l  4 * * i  4

f j j ( O )  •  1,  f ) i (0 )  • 0 ,  i f  j . Fu r th e r*  

w  » o r e ,  i f  o0( t )  •  2  p „ ( t ) ,  t h en  / | ( t )  •

2  P n j ( t ) i  where t h e  f u n c t i o n a  Pn ( ( 0  
e r e  a o l u t i o n a  o f  Eq .  1 w i t h  a # ( t )  •

Cl 4 * c l  •

p „ ( t )  and p w i ( 0 )  ■ 0 .  ( P r i n c i p l e  o f a4( t )  ■ f 4 ( i )  ♦

S u p e r p o s i t i o n . )
Cl Pl»4  ^ I I J 4  4 *1141 + *1411 + f l4IJI^ 4

For  b r e v i t y  o f  n o t a t i o n ,  l e t  h c •  0
end

« ,  p „  O i „ 4 ♦ * l 4 1  *  « , „ )  ♦

* _  - h . i t
• R i •  e * ,

Cl P, « > , .  +  * . . >  + » 4  •

♦ P i  9 h 4 , w i t h  e v i d e n t  e x t e n s i o n  f o r  a d d i t i o n a l
t a n k s .

lttJ •  -  X , )  ,
F u r t h e r ,  in t h e  c a s e  o f  c o n t i n u o u s  

fe e d , e #( t )  »  c0 ,

P i ,  *  \  . / g ( t )  ■ c 9 P j  {R|g * •
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/ j ( 0  ■ c 0 * 1 1  ^ o i a  *  * i a o  f  * t o i * »  

/ , ( 0  •  e0 P | a J  {fl0 |J J  ♦

*1110 * * u o i  + *ao ia^  •

etc .

S o lu t i o n s  fo r  o th e r  forsis o f  feed 
■ay be ob ta in ed  by the Laplace t r a n s -  
form method.

Runs with  iodine-131 are underway, 
and when they are completed comparison 
of the t h e o r e t i c a l  and e x p e r i m e n t a l  
r e s u l t s  w i l l  be made. These s t u d i e s ,  
inc lud ing  th o s e  of  the e f f e c t  o f  i n 
complete m i x in g ,  a re  b e in g  made by 
C. P. S t r a u b  and D. A. Pecsok of  the 
Health Physics Division.

RONTE CARLO ESTIMATE OP COLLISION 
DISTRIBUTIONS IN TI8SUE

Origin.  W, S.  Snyder and J .  Neufeld,  
Health Physics Division.

P a r t i c i p a t i n g  Mesbers o f  P a n e l .  
K. A, P f luege r  and C. L. Perry.

R e f e r e n c e s .  M athem at ic s  Pane l  
Quarter ly  Progress  Report ,  ORNL-345, 
408, 516,  6 3 4 ,  726,  818,  888 ,  979,  
1029, 1 0 9 1 . '

Backgronnd and Sta tus.  The previous 
work has been extended to inc lude  the 
following. The 2000 neutron h i s t o r i e s  
were s o r ted  on th e  f i r s t  c o l l i s i o n  in 
the range £ t < E < E2 ( £ t , Et f i x e d ) .  
That i s ,  t h e  h i s t o r i e s  were d i v i d e d  
in t o  two p a r t s :  t h e  p a r t  b e f o r e  a
c o l l i s i o n  in  ( E , , £ , ) ,  and t h e  p a r t  
from the  f i r s t  c o l l i s i o n  in  (E |# E , ) 
to t h e r a a l .  £ ,  end E, were chosen so 
that  the re  would be about 1000 h i s t o r i e s  
in the  sample and f o  t h a t  t h e  aeen  
energy for  the  f i r s t  c o l l i s i o n  in  the  
samples would be 5, 2 .5 ,  and 0 .5  Mev.

16

Each of  the h i s t o r i e s  was r e o r i e n t e d  
to aake the h i s t o r y  have an o r i g i n  a t  
the s u r f a c e  o f  the s l a b ,  and to  aake 
the i n i t i a l  neutron path normal to  the  
surface of the s l a b .

For t h e s e  samples  of  n e a r l y  1000 
r e o r i e n t e d  h i s t o r i e s  the  c o l l i s i o n  
density and c o l l i s i o n  damage were found 
fo r  a 3 0 - c a  s l a b  o f  t i s s u e  w i t h  a 
co l l im ated  beam of  neutrons i n c i d e n t  
on the s lab  (F ig .  2) .

iNKisntrico 0«* • »««>

Pig .  8. S ch e m a t ic  Diagram o f  a  
Neutron History.

The d i s t r i b u t i o n  of  the l a s t  c o l l i s i o n  
in the ( f a s t )  h i s t o r y  was a l s o  t a b u 
la t e d  p r o v i d i n g  the  n eu t ro n  had an 
energy  in  t h e  t h e rm a l  range  a f t e r  
c o l l i s i o n .  These d i s t r i b u t i o n s  (one 
for the e n t i r e  col  lec t ion  of h i s t o r i e s ,  
mean 10 Mev; one for  the 5-Mev sample; 
one for the 2 . 5-Mev sample; and one for  
the 0 . 5-Mev sample) w il l  be used as the 
b a s i s  o f  f u r t h e r  com pu ta t ion  ( c f . ,  
problem on "Thermal Neutron Damage").

THERRAL NEUTRON DAIAGE

Origin.  1 .  S. Snyder and J .  Neufeld,  
Health Physics Division.

P a r t i c l p m t l a g  l e a k e r s  of P a n e l .
A. S. Householder,  K. A. Pflueger ,  and 
C. L. Perry.

R e f e r e a c a .  See  th e  p ro b lem  on 
"Monte C a r l o  F .s t im s te  o f  C o l l i s i o n  
D is t r ibu t ions  in T issue ."
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Background and S t a t u s .  The problem 
i t  to  de te rmine  t h e  d i s t r i b u t i o n  o f  
thermal neutron c o l l i s i o n s  in s 30-cra 
s lab  of t i s sue .  The source o f  thermal 
neut rons  i s  s beam o f  co l l imated  f a s t  
n e u t ro n s  i n c i d e n t  cn the  s u r f a c e  o f  
the  s lab  ( c f . # re fe renc e  given above). 
Let  the source d i s t r i b u t i o n  be P0(x ) ,  
0 * * * 30 cm. The d i s t r i b u t i o n  o f  
thermal neutron c o l l i s i o n s  in the slab 
i s  then P ( x ) , (l> where

<7 -so
« * > • ? , < » )  + 2 J  </y£, (a |* -y |)  P(y) .

The Panel i s  now f in d in g  an approximate 
s o l u t i o n  f o r  P ( x )  by an i t e r a t i o n  
method fo r  t h e  f o u r  s o u rce  d i s t r i 
b u t i o n s  found  by t h e  Monte C a r l o
es t imate .

COIL-BINDING DENSITY FOB A NEABLY 
UNIFORM FIELD

O r i g i n .  R. D. B i rk h o f f  and W. S. 
Snyder, Health Physics Division.

P a r t i c i p a t i n g  M e a b e r a  o f  
H. B. Goertsel  and C. L. Perry.

Background and S t a t u s .  The magnetic 
f i e l d  strength  on the  axis  of  a c y l in 
d r i c a l  co i l  of length  2 1 and winding 
denai ty  <t(y) i s

/ < * > ■/' dy <1>{y) [1 ♦ (x-y)1] ’ , / J  ,

where x and y a r e  measured  from the  
c e n t e r  of the c o i l .  The Panel found 
an approxiaate s o l u t i o n  for  / ( x )  ■ 1, 
-0.751  % x 7  0 .751 ,  by assuming d>(y) 
was a s tep function with a small number 
(16) of jumps. The computations hsve 
been completed.

<*>». S. Snyder, "C alcu la tion*  for Maximum 
Perm issib le  Exposure to  Thermal Neutron*," 
Nee Ironic* 6, No; 2. 46 (IPSO).

AMPLIFIER RESPONSE TO PROPORTIONAL 
COUNTER PULSES

O r i g i n .  G. S. Hurst ,  Health  Physics 
Division.

P a r t l c i p s t i a g  B o m b e r  o f  P a a e l .
C. Perhacs.

Beference. Health P h y t i c t  Quarterly 
P r o g r e t s  Repor t ,  0RNL-1086; and "A 
P ro p o r t io n a l  Counter  Method o f  Meas
urement of Fast  Neutron Dose ,M G. S. 
H urs t ,  ORNL CF-51-4-122.

Background and S t a t u s .  The nuaer- 
i c s l  evaluation of  H u r s t ' s  formula for 
the  a m p l i f i e r  response  i s  being per 
formed on IBM equipment.

A STUDY OF BAOIOACTIVITT ABSORPTION 
IN GAMBUSIA

O r i g i n .  L. A. Krumholz,  H ea l th  
Phyaica Division.

P a r t i c i p a t i n g  M em ber  o f  P a n e l .
A. W. Kimball.

Background and S ta tu s .  This exper i
ment, f i r s t  described in ORNL-1091, ia 
near ing completion and should be ready 
for  ana lysi s  in the near fu tu re .

RINET1CS OF THE HBr-HBrO|  REACTION

O r i g i n .  0.  Myers, Chemistry Divi
sion.

P a r t i c i p a t i n g  M e a b e r a  o r  P a n e l .
J .  H. F iahe l ,  N. D. G iven ,  and C. L. 
Perry.

The s i x
k i n e t i a  react ions

HBr ♦ HBrO, ----- HBrOa ♦ HBrO ,

17
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m  ♦ HBrO, *■ 2HBrO ,

HBr ♦ HBiO 4- Br, ♦ H,0

• r«  assuaed to t t k o  p la ce  s i m u l t a 
neously  and a t  tha  r a t a a  i n d i c a t e d  
above, a f te r  HBr i t  nixed in an aqueoua 
s o l u t i o n  of HBrO,, The a y a te a  o f  
d i f f e r e n t i a l  equetiona describ ing the 
k ine t ics  of the react iona ia

4 t

; *(0) • 0

y(C)

CBY8TAL ANALYSIS BY NEUTEON DIFFRACTION

•rf lgii .  H. Levy, Chemistry Diviaion

X-RAY CBY8TAL ANALYSIS

Origin .  G. P. Smith, J r . ,  Metal* 
lurgy Diviaion.

P a r t i c i p a t i n g  B e a b e r a  o f  P a n e l .
J .  H. Fiahel and C. Perhaca.

B ac k g ro u n d  a n d  S t a t u a .  In both of 
these  problems the experimenter vents 
the Fourier s ine- transform of exper i 
m enta l ly  determined fu nc t ione .  The 
t ransforaa  ere of the form

HO • f {/(«) + Mi)) g(«) ain r i d *

• 4 • B • C ; i(0)  •  i ,  i  0

• C ; v (0)  -  0

where 4 •  e i  • k, i  y ,

B ■ 6 a x • A, y* ,

C • c y i • k,  » ,

and a,  y, a, a,  respective ly ,  designate
the  q u a n t i t i e s  of HBrO,, HBrO, HBr, 
and Br, present a t  t ine  I.  The Panel 
ia  inves t iga t ing  a n a ly t i c  methods of 
f inding approximate so lu t ions  to th is  
ayatea,  and ia a lso doing none numer
ica l  integration for the case « • 0.768,

A. - 0 .0645,

where  / ( « )  i a  the  e x p e r i a e n t a  1ly 
deterained function and, Me) andg(i ) ,  
are weighting functions.  The Panel has 
programmed the computation for the IBM 
Card Programmed Calcu la tor.  The func
tion {/(«) + hi t ) )  g( t ) ia approximated 
by a polygonal function with vertices
a t  t • 0.1 0.  1.  2 , 150.
The i n t e g r a l  i s  e v a l u a t e d  e x a c t ly  
(except  for round-off e r ro r )  for th is  
polygonal approximation. The Panel has 
aine cards  for r ■ 0 .2 ( 0 .1 ) 9 .8 .  For 
these  values of r ,  i n t e g r a l s  of the 
above type have been eva lua ted  a t  a 
r a t e  of one every 6 to  15 minutea .  
Levy's evaluations have been completed, 
and Smith 's  evalua t ions  w i l l  be com
p le te  by the second week of the next 
quarte r.

b • 0.00693, c - 10# , 
k t • 2 .33  * 1 0 - 1 , A, • 3 5 .0 ,  and 
i ,  ■ 0.00417. One e a s i l y  de te rained 
in tegral  of tha system is

■ x + 2 y + 3 i  + 5 »

EFFICIENCY OF A CRYSTAL

O r i g i n .  P .  B.  Be l l  a n d  
MpGoven, Physics Division.

F. K.

P a r t i c i p a t i n g  R e m b e r a  o f  F a a a l
K. A. Pflueger and C. L. Perry.

C*280 "
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B a c k g r o u n d  tad S t a t u s .  A p o i n t  
s o u r c e  o f  i s o t r o p i c  r a d i a t i o n  i s  
l o c a t e d  n e a r  t he  s u r f a c e  o f  a  r i g h t  
c i r c u l a r  c y l i n d e r .  The r a d i a t i o n  
absorbed by the c r y s t a l  i s  assumed to 
be p r o p o r t i o n a l  to  1 - e “T* where * 
i s  the d i s t a n c e  the r a d i a t i o n  t r a ve l s  
through the c r ys t a l .  With t h i s  assuap- 
t ion the f r ac t ion  of the t o t a l  r ad i a t i on  
that  i s  absorbed by the c r y s t a l  i s

T • (1 -  cos a ,) - i -  J* * e**r

ESCAPE OP X-RAYS FROM A SERI*INFINITE 
CRYSTAL

O r i g i n .  P.  R. B e l l  and F.  K. 
McGowan, Physics  Divis ion.

P a r t i c i p a t i n g  H e a b e r a  o f  P a n e l .
N. D. Given and C. L. Perry.

Background and 8 t a t u a .  A c o l l i 
mated beam o f  gamma r a y s  e n t e r s  a

s in a d a

7 / "  •-r I. . . . . .  k ... •) , in Q ,,

when t h e  s o u r c e  i a  l o c a t e d  on the  
a x i s  o f  t h e  c r y s t a l  and where  t he  
parameters  are as shown in Fig.  3.

UNCLASSIFIED 
DWG. 1 3 4 4 4

S

P i « .  B. A iia l Craaa Bee t i e s  o f  t h e
Cryatat.

The above i n t e g r a l s  were s i m p l i f i e d  
( e . g . i  t r a n s f o r m e d  t o  e x p o n e n t i a l  
i n t e g r a l s )  and T was graphed for  the 
commercial c rys t a l  whose cross  sect ion 
i s  given in  ORNL drawing 9500.  For 
t h i s  c r y s t a l  a • IS i n . ,  6 • l i n .  
Graphs were drawn for h • 0,  0 . 2 ,  0.5,  
1.0,  2 . 0 ,  and 5.0 cm.

s e m i - i n f i n i t e  c r y s t a l  normal  t o  i t s  
plane sur face  (Fig.  4) .

UNCLASSIFIED 
DWG. 1 34 45

F i g .  4 .  S e c t i o n  No real t o  Crystal 
Barfact.

The r a t e  of  a bso rp t i on  per  u n i t  path 
i s  assumed t o  be r e ‘ r *. F o r  each 
a bs o r p t i on  an X*ray ia  aasumed to be 
emit ted wi th probabi l i t y  p.  The X-rays 
a r e  assumed t o  l e ave  t h e i r  o r i g i n  
i s o t r o p i c a l l y  and to be absorbed a t  a 
r a t e  r e ' * 1 a l ong  t h e i r  p a t h .  With 
t hese  assumpt ions  the r a t i o  A * (no.  
of X-rays t h a t  leave the c r y s t a l ) /  (no.
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of gauss rays t h a t  en te r  the c rys ta l )
i t

i  T , r  4 r1 - — In —■ r -r  r

Graphs of A va. B ware drawn for the 
cross sec t ions  r[B)  given in dree ing 
9500. This problen has been completed. 
PEI*I FUNCTIONS

t r i l l s .  M. E. Rose and P. R. Bel l ,  
Physics Division.

P e r t l e lp s t l e g  l e a k e r s  o f  F a e e l .
C. L. Perry, B. M. D r u c k e r ,  H. B. 
Gotrtsel , and N. M. Disnuke.

R efe ren c es ,  Mathemat ice  P ane l  
Quarterly Progress Report i ,  ORNL-345, 
408, 516, 634, 726, 818, 888, 979, 
1029, 1091.

S te l e s .  During t h i s  q u a r t e r  the  
Ferni functions end f ie ld  factors were 
graphed and d i fferenced in preparation 
for t a b u l a t i n g  the  r e s u l t s .  The 
function

*9(p, »> •
1 ♦ 5 .  p

P a r t i c i p a t i n g  S e e k e r s  of  f a s t i .
C. P e rh acs , J .H .  Fishel,  N. M. Distuke, 
and C. L. Perry.

S e f e r e a e e a .  R at hemat i c e  Panel  
Quarterly Progress Reports,  ORNL-979, 
1029, 1091, end P h y s i c s  D i v i s i o n  
Quarterly Progreee Report  ORNL-1092.

S t a t e s .  The computa t ion  of the  
angular c o r r e l a t io n  c o e f f i c i e n t s  was 
comple ted  and c h ec k e d  d u r in g  the  
quarter .

CA LC U LA TIO N  O P IN T E R N A L  CONVERSION 
C OEFFIC IEN TS S I T S  SCREENING

Origin.
aion.

M. E. Rose, Physics Divi<

was prepared for tabu la tion to replace 
the Fc tables issued s year ago.

During the g raph ing  of  the f i e l d  
fac to rs  i t  waa noted tha t  one of the 
functions for the posi tron case i s  at  
least  p a r t i a l ly  in e r ro r .  Hence before 
the calcu la tion  can be conpleted,  the 
formulation must be examined again.

ANGULAR CORRELATION SSTVEEN CONVERSION 
ELECTRONS ANO OARSA RATI

Origin. M. E. Rose andG. B. Arfken, 
Physics Division.

P a r t i c i p a t i n g  Somber o f  Pane l .
M. R. Arnette.

Other P a r t i e l p a a t a .  G. G o er t te l ,  
Physics Department, New York Univer* 
s i t y ,  M. S. Montalbano, Division 11.2, 
National Bureau of Standards.

References. "Calculation of Internal 
Conversion C o e f f i c i e n t s , "  a note by 
G. H. Goerttel dated IV cenber 18, 1949; 
and the Mathematics nanel Quarterly  
Progreee Report OWL-1091, p. 27.

S ta in s .  The coding for the SEAC 
and the checking o f  the  code on the 
SEAC i s  being completed.  I t  i s  ndw 
hoped th a t  the c a l c u l a t i o n s  w i l l  be 
conpleted early in 1952.

CALCULATION OF RACAR C O E FFIC IE N T S FOR 
THE AN0ULAR D I S T R I B U T I O N  IN  NUCLEAR 
REACTIONS

O r i g i n .  M.  E. Rose and L, C. 
Biedenharn, Physica Division.

P a r t i c i p a t i n g  l e a k e r s  o f  Panel .
S. L. Hull, H. B. G o e r t t e l ,  R. Crook, 
and C. L. Perry.

0 2 4
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R e f e r e n c e s .  P h y s i c s  D i v i s i o n  
Quarter ly  Progress Report  ORNL-1005; 
Mathematics Panel Quarter ly  Progress 
Deports , OHNL-1029, p. 22; OFNL-1091,
p. 10.

Backgresnd ssd S t a t e s .  The scope 
of  th e s e  computa t ions  has  been ex
tended to include * ( ! , ,  > |# I,  S, 
L) for  S  ■ S/2 and 5 • 3 .  The com
p u t a t i o n  w i l l  be c o m p le ted  d u r in g  
the next quarter .
REACTOR RESPONSE CHIVES

O r i g i n .  J .  T r im m e r ,  R e a c t o r  
Technology Division.

P a r t i c i p a t i n g  R em bers  o r  P n n e l .
K, A. P f luege r ,  R. Crook, end C. L. 
Perry.

Bnekgroned end S tn tn e .  The reactor 
response eas ca lcu la ted  es  a function 
of the reac to r  frequency for neutron 
l i f e  time 1 * 10“*, 10"* seconds. The 
superc r i t ica l  and s u k c r i t i c a l  responses 
to e s tep change in k were found as 
functions of r e a c to r  frequency. The 
post-shutdown t i n e  d e p e n d e n c e  o f  
poison was also computed. Ths resu l ts  
of these  computations w i l l  appear as 
Figs .  4 .2  through 4 .9  of  Chapter 4, 
Volume I I  of the  new r e a c t o r  school 
t ex t .  This problem has been completed.

RETERRINATION OF PAST NEUTRON FLUX IN 
OREL PILE

O r i g i n .  D. K. Holmes,  P h y s i c s  
Division.

P a r t i c i p a t i n g  l e n b e r n  o f  P a n e l .  
J .  Moshnan; E. B. C a r t e r ,  C e n t r a l  
S t a t i s t i c a l  Laboratory, K-25.

R e f e r e n c e s .  M a t h e m a t i c s  Panel  
Quarter ly Progress Repor t s ,  ORNL-726, 
818, 888, 929, 1029, 1091.

S tn tn n .  This  problem i s  in the  
•achiae stage of c a lcu la t io n .

THORIUM BREEDER STUDIES

O r i g i n .  J .  Lane, N. Lansing, and 
S. Visner, Long-Range Planning Group.

P a r t i c i p a t i n g  R e m b e r s  o f  P a n e l .
B. S. McGill and H. B. G o er t ie l .

Dackgronnd and S t a t n s .  The two- 
group c a l c u l a t i o n s  were  c o n p le t ed  
during the quarter.

RINET1CS OF RRE

O r i g i n .  T. A, Welton and G. T. 
Trammel, Physics Divis ion.

P a r t i c i p a t i n g  H e a b s r s  e f  P a n e l .
C. L. P e r r y ,  B. M. D r u c k e r ,  H. B. 
Goer t ie l ,  N. D. Given, S. L. Hull,  and 
0 . C. Sangren.

Background and S t a i n s .  Information 
concerning the k ine t ic s  o f  the MRE say
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be obta ined by inves t i ga t i ng  the io l«-  
t i o n s ' o f  c e r t a i n  a y i t i a i  o f  o r d i na r y  
d i f f e r e n t i a l  equat ions .  Since  one or 
too o f  t he  aqna t i ona  in  mack ayateai  
are non l i nea r  i t  one naceeanry t o  r esor t  
to  mumnracal methods.  Three methods 
fo r  o b t a i n i n g  a ppr ox i ma t e  s o l u t i o n  
earn aaedi  (1) numerical  i n t e g r a t i o n  
by the  Runge-Kut ta method u s i n g  desk 
computers ,  (2)  numerical  i n t e g r a t i o n  
by the  Keen method u a i n g  t h e  SEAC. 
the  N o t i o n a l  Bureau of  S t a n d a r d s ' s  
e l ec t ron i c  d i g i t a l  computer,  and (3) a 
s e m i m n a l y t i c a l  method i n v o l v i n g  a 
per turba t ion  technique.

Most of  the systems i n v e s t i g a t e d  
vara of the form:

a •  4
T

• « *> 1 , ( l )

* •  - V  , (2)

b - 0
(3)

,  »  i * i  ♦

*» '  f« 1 V *  r !  . <4)

shore a,  y ,  i ,  and v ore funct ion* of 
t ,  and where the other  symbols represent  
c o n s t a n t s .  Phys i ca l l y  one ran th ink 
of  each sys tem as r e p r e s e n t i n g  i so  
coupled o s c i l l a t o r s .  The tmo os c i l  l a tor  
p a i r s ,  a and y,  and y and t ,  a r e  
coupled by the presence o f  x in F.q. 3 
and y  in Eq. 4.

and one w i t h  t h r e e  e q u a t i o n s ,  aero  
a l so  c a l c u l a t e d  wi th dash computers .

The f o l l o w i n g  ge ne r a l  sy s t em was 
programmed fo r  solut ion by tha  SEAC:

s(0)

y(0) - x(0) - v(0) - 0  (6)

a x 4 i  x 4 6

c v 4 d v Iv|  4 e y 4 /  i

T h i r t e e n  sys t ems  of  t h i s  t y p e  were 
s o l v e d  on r ange  0 P t P  0 . 3  o r  oa 
range 0 < t < 0 . 4 .  The p e r e m e t e r  
values,  i n t eg ra t i on  i n t e rva l  ( o f  order  
10*4 sec ) ,  and the p r in t i n g - ou t  i n t e r 
va l s  were r e a d  i n t o  t he  a u c h i n e  i n 
dependent ly of  the main r o a t i n e .  The 
t o t a l  machine t i ne  for  a l l  13 sys t eas  
was about  S h r .  Thi s  i n c l u d e d  1 hr  
for checking  the  program and coding.  
Since the ac t ua l  computation t i n e  per 
system wan l e s s  than 20 s e c ,  moat of  
t h e  m a c h i n e  t i n e  was t a k e n  up by 
p r i n t i n g  the r e s u l t s  and r e e d i n g  the 
rout ine i n t o  lhe machine.

Thr so  sys t ems  of  the  above type 
were c a l c u l a t e d  by desk c ompu t e r s .  
Al though two of  thus*  c a l c u l a t i o n s  
wars suba t quen t l y  c a r r i e d  out  on the 
SEAC, i t  v ia  d e s i r a b l e  t o  have these 
r aau l t a  both at  • check on the  machine 
r e s u l t s  and as • method of  es t imat ing 
magnitudes.  One computer can ca l cu l a t e  
about ona system per month from t * 0 
to  t •  0 . 3 .  Teo o t h e r  a i n i l a r  but 
reduced systems,  one with two equat iona

The following technique was used to 
o b t a i n  approximate  formulas  for  the 
var i ables  s ,  y,  i ,  and v in terms of t 
and the c o n s t a n t s .  Since the  i n i t i a l  
value of : is  t ero and o | and a ,  prove 
to be r e l a t i v e l y  unimpor tant ,  a f i r s t  
a p p r o x i m a t i o n  can be o b t a i n e d  by 
so lv ing  the  l i ne a r  system c o n s i s t i n g

. 0  b • 0of  Eqa. t and 2,  and * » - ♦ ----------g
r  r

and fc • mg1 >i t  * i g* y ) , Hav i ng  
obtained n f i ra t •approximat ion formula 
for  x and i ,  s u b s t i t u t e  t h e  formula 
in the r i g h t  hand s i d e  o f  E q . 3 and 
i n t e g r a t e  to obta in a second approxi 
mation formula for x.  Us ing  Eqa.  1 
and 2, and v • Wg1 | * ♦ ŵ * yj , second- 
a p p r o x i ma t i on  formulas  can then  be

So? 02H
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derived for y ,  i ,  and v. The formulas 
g ive  r e a u l t s  t h a t  in  g e n e r a l  a g r e e  
very well  from t ■ 0 to t ■ 0.1 ( t h e  
moat i n t e r e s t i n g  range for  () with  the 
SEAC’s r e s u l t s .

Graphs o f  th e  v a r i a b le s  vs.  t have 
been c o n s t r u c t e d  f o r  t h e  v a r i o u s  
systems.  The r e s u l t s  have n o t  been 
c o m p le te ly  a n a l y s e d  as y e t .  I t  i s  
possib le t h a t  the so lu t ions  of f u r t h e r  
systems of  t h i s  type s i l l  be computed 
by the  SEAC. More complete d e t a i l s  
w i l l  a p p e a r  i n  the  n e x t  Q u a r t e r l y  
Report of  the  HRE.

A IULTIGROUP METHOD POt COMPUTING THE 
MRUTMGN BISTKIBUTION IN A FINITE 
CYLINDRICAL REACTOR R1TH REFLECTED 
CONVEX SURFACE AND BARE ENOS

O r i g i n .  N. M. S m i t h ,  R e a c t o r  
Physics D iv is ion .

P n r t l c I p a t l a g  Ranker o f  Panel*  
N. Edmonson.

Statmn. A r e p o r t  on t h i s  work i s  
ready for  pub l i ca t io n .

ANALYSIS OF FLUID FLOI IN TIE HOMO- 
OENEOUS REACTOR

Origin. G. t e s l i c i n u s  and D. Fax, 
Homogeneous Reactor  P ro jec t  D iv is ion .

P a r t i c i p a t i n g  Renters o f  Panel .
J .  H. F i a h e l , N. D. Given,  and C.L.  
Perry.

l e f e r n n c e .  Hoaogeneout R e a c to r  
Project Quarter ly  Report , ORNL-1121.

Background and Slatas.  An approxi-  
mate so lu t ion  to  the nonlinear  p a r t i a l  
d i f f e r e n t i a l  equa tions  d e s c r ib in g  the 
f l u i d  flow in the homogeneous r e a c t o r  
was found by an i t e r a t i v e  m e th o d .  
S ta r t in g  va lues  were found g r a p h ic a l ly  
and these  v a lu es  were i t e r a t e d  on the  
IBM Card Programmed Calcu la to r .
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O r ig in .  E. P.  C r o n k i t e ,  Naval  
Medical Research I n s t i t u t e .

P a r t i c i p a t i n g  Reabera o f  Panel .  
J .  Moshman, G. J .  A t ta ,  R . S .  McGill ,  
H. B. G oer t re l ,  and S. L. Hull.

lackground and Staten. One of the 
phases  o f  O p e r a t i o n s  Greenhouse i n 
volved  a s tu d y  o f  the f a c t o r s  t h a t  
have a d i f f e r e n t i a l  e f f e c t  on th e  
28-day m o r t a l i t y  o f  the  exper imenta l  
n ic e .  Following the  Cornf ield-Mantel* * * 
procedure,  p r o b i t  curves  were f i t t e d  

TABLE 7

Radian Lethal  Doaea and S lo p e s  or  
Greenhouse Rice, Stations,

S e r i e s  70  and  71

(P rov is iona l  Estimates)

VARIABLE BREAKDOWN ID-SO SLOPE

Male 757.61 0.01596
Sex I 752.88 0.01590

7-9 weeka 739.22 0.01777

Ages
10 neeka 749.89 0.01341
11 weeka 753.46 0.01250
12 weeka 761.39 0.01615
15-19 gram. 755.16 0.01773

height
20-24 groom 754.24 0.01602
25-29 grama 760.20 0.01495
30-34 grama 749.18 0.0189S
1 (bottom) 777.09 0.01764
2 767.96 0.01523
3 760.22 0.01081

Tray 4 746.44 0.01488
S 747.70 0.01828
6 (top) 740.10 0.01823
1 (rear) 793.57 0.01757

Row 2 758.40 0.01911
3 ( front) 715.68 0.01696

( I ) J .  C o rn fie ld  and N. R en ta l, "Soae Mem 
Aspect* of the Application of Maxima U k tli lm d  
to the Calculation of tha Donate rVipsnse C«r*e, 
J .  4a. 4 . in. 4S. 181-210 (19S0K

80*' C27
23



to  th e  l e t h a l i t y  d o t s  when broken 
down by sex, age, weight, end positions 
o f  the  Mice. An e p re lim inary  s tep , 
t e e  cycle* of the i t e r * t i r e  procedure 
were a r b i t r a r i ly  need fo r  th is  process. 
The LD'SO's and s lo p es  e re  tabu la ted  
i s  Table 7.

Further c a lc u la t io e a  are  e id e r  way 
to  complete as easy add itiona l cycles 
es may be a c c e s s o ry  fo r  in d iv id u a l  
p r « b i t  re g re ss io n  l i n e s .  Upon com* 
p le t io a  of th i s ,  s teadard  e r ro rs  v i l l  
be computed ia  o r d e r  to  geage the  
homogeneity within the  werious groups. 
One noteworthy p o in t  i s  the spperent 
decreasing s e a s i t iw ity  with increasing 
age, as evidenced by tho higher dose 
necessary to k i l l  50%. This phenomenon 
i s  not p re se n t  in th e  weight b reak
down. I t  i s  planned to  in v e s t ig a te  
t h i s  po in t f a r th e r  by age within sex 
within weight breakdowns.

r a t in g  FRORURS
Preble*. Threshold  Values o f  the 

Aageler Correlation C oeffic ien ts .

O r ig in .  M. E. Hose and G. B. 
Arfken, Physics Diwision.

P reb le* . A ageler C o r re la t io n ,  K  
end L S h e l l .

Origin. M. E. Rose, Physics Divi
sion.

Problon. E ff ic ien cy  o f  a C rysta l 
(o f f -a x is  ca lcu la t io n ) .

Origin. P. B. B e l l ,  Physics Diwi
sion.

Problon. C alcu la tions  for Counter 
Confidence L in its .

O rigin. G. E. A lb e r t ,  Methenatics 
Penal.

Preblen. N uaerica l Evaluation of 
Trigoaoeetric  Series .

O r lg ls .  B. 8. B o r is ,  M etallurgy 
Division.

IMACT1VK PftOBLCEt
Preblen. Analysis o f  S c in t i l la t io n  

Spectroeeter Data.

Origin. P. R. B e l l ,  Physicn Divi
s ion .

R e f e r e n c e .  M a th e m a tic s  P a n e l  
Q uarterly  Progress R eports , OFNL-408, 
810, 979, 1029, 1091.

Problem. Quantum Mechanics I n te 
gra tion ,

Origin. F. C. Prohenmer, Physics 
Division.


