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QUARTERLY FUPORT 

FEFYSICS D I V I S I O N  

A. . beinberg,  D i rec to r  

Personnei,Changes 

The following people  have l e f t  t he  E i v i s i o n  d u r i r g  the 
l a s t  quarter:  

E. L. Gsrabedian E . L  Conrad (U. S. Navy loan) 
G o  h, b e r t z c l  A. V, H, Masket (NRL loan )  
E, Greuling R. C. f j ,  bloaney (Sarah Kewoornb Colletze 
G, J. Haines Loen) 
L o  D. Korris R. E. 3undl.e (Iowa S tz t e  College loan) 
R. D. Present  M,. Yc?.tchienoff (11. so Kavy loan )  
;vi. UT, Valent ine 
D. K. %bite 

L. Gprdon 
K, G. L i b b e y  
F’. T. Rogers 
F. A, Sherril.1 
L. C.  TemFletoil 

‘The f o l l o w i n k  2rc or: loan t o  t h e  D i v i s i o n :  

J. K.. Eair, :,EFA 
J, A. Barker, U. S. N3vy 
F L  b. Ccyle, KEF‘A 
E:. iv:. Jmes,  Purdue University 
h, E. Kernohan, LEPA 
E, Rod[,er?, Univers i ty  of Alt?bama 
b. L. Loth ,u. s. L.2v.y. 
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Low Temperature Conference - 
Euclear  P h p i i c s  was he ld  under t h e  sponsorship of t h e  Div i s ion  on 
August 7. 
whon 35 came from o u t s i d e  the area. 
were p resen ted  by M. E, Rose, €1. B. G. Casirnir, E. IVI. Puree11 and 
F. London w i d 1  be issued :-1s an  OIWL pub l i ca t ion .  

A conference on Low Temperatures and 

The conference was attended by about 100 s c i e n t i s t s ,  o f  
The f o u r  i n v i t e d  papers  which 

Ei-Flux Pil&-- M p h a s i s  i n  t he  h i - f lux  r e a c t o r  p r o j e c t  h a s  s h i f t e d  
froni t h e  o r i g i n a l  EO megGwatt design t o  c o n s i d e r s t i o n  of  r e t h e r  
more moderate o u t p u t s  of t h e  order  of  3 mega.watts. 'This than@ 
has come about as a r e s u l t  o f  d e c i s i o n s  o f  t h e  Reector  Safeguard 
Committee t o  limit output  i n  inhabi ted  areas.  

C r i t i c a l  ezperiments with  Be and graphite r e f l e c t o r s  con- 
The adequacy of t h e  Cd and Tn s a f e t y  r o d s  has bezn demon- tinue. 

s t r a t e d ,  and 7 ray  heating n e a r  t h s  experimental holes has been 
measured.. The f l u x  of  verp f a s t  neut rons  (> 1 MeV) has been found 
t o  bc about 40% of  t h e  thermal f l u x  a t  t h e  center of' t h e  assembly. 

Shie ld in& ProGrern - 
l i t t l e  evidence o f  rcdiati'orz dunage. 
experiments a r e  tjc;inq C R W ;  and f u t u r e  a t t e n u a t i o n  tests will a l l  
be made i n  l i d  gcomctry. The edvan tage  of l i d  experiments is that 
boundar) e f f e c t s  :ire cssent i d l y  e l i r n i m t e d  i n  them. 

Core borings on t h e  present  p i l e  s h i e l d  show 
Arrangements f o r  l i d  type 

M s r o n  Physics - 
been observed i n  t he  n e u t r c n  decay e x p e r i m n t .  
i s  lower than  would be expected fron? the s ing le  ccunting r a t e ,  

Coincidences between decay p ' s  and protons have 
The coincidence r a t e  ' 

An abso rp t ion  resormnce a t  0.5 eV of' a t  least 1700 barns 
has been found i n  very pure Er;?OT. Transniission experiments on NiS8C 
w i t h  neut rons  of  energy 0.03 t o  G.5 eV show marked d i f f r a c t i o n  maxima; 
t h e  cohert;nt s c a t t e r i n g  c ros s  rect ior i  of  I d 0  has been found t o  be  
26 b a r n s ,  i n  5greement wi th  the v a l u e  ob ta ined  fram powder d i f f r a b t i o n  
s t 1 . d  i e s . 

f) 

Neutron diffrzction studies have been d i r e c t e d  toward 

-5- 



e s t a b l i s h i n 6  t h e  s c a t t e r i n g  p r o p e r t i e s  of  the  N i  i so topes ,  and the  
de temi ina t ion  of  t h e  s c a t t e r i n g  phases of Zr, E, Th, Rb and Sr. 

Capture y-ray work i s  p rogres s ing  along t h r e e  l i n e s  -- 
measurement o f  c a p t u r e  y-sa>s from Cl by product ion of p a i r s  i n  a 
cloud c h m 3 e r  with Fb r a d i a t o r ;  study of cap tu re  p r a y s  wi th  a 
c r y s t a l  counter ;  and photographic  p l a t e  studies wi th  D2@ impregnated 
p 1. a t  e s , 

Slowing down d i s t r i b u t i o n s  o f  neut rons  f r m  a f i s s i o n  I 
source  i n  a 1-1 H2Q-A.1 mix ture  have been measured. Tine mean square 
slowing range is 473 cnL compared t o  a c a l c u l a t e d  value o f  440 crn? 

r) 

T h e o r e t i c a l  and Llathen?atica;l F h p i c s  - Coding procedures f o r  corn- 
putat3on of i n t e r n s 1  conversion coef'fi3iztnts have been almost 
completed. 
Miark I Computer. 

It has been decided t o  p l ace  the p rob lem on t h e  Harvard 

A long  term program of exp lo ra t ion  of s t o c h a s t i c  methods 
f o r  s o l u t i o n  of  d i f f e r e n t i a l  equati.or,s i s  being s e t  up. 
which i s  po in ted  toward t h e  ult imate e x p l o i t a t i o n  o f  a high speed 
computing machine, h z s  promise of y i e l d h g  extremely powerful  methods 
f o r  solvirq;  6 i f f c r e 7 i t i n l  equat ions  i n  many dimensional spaces. 

This  program, 

Theor.eti.cci1 s t u d i e s  of the  problem of lining up n u c l e a r  
s p i n s  a t  low temperatures i n  high magnetic f i e l d s  have continued. 
A t a l k  on t h i s  s u b j e c t  was & h e n  by hl. E. Rose at the  Conference on 
Nuclear Fhysics and Low Temperatures. 

iviiscellaneous fduclear Physics - Study af t h e  fi spectrwr, of kLB7 
i n d i c a t e s  the  presence o f  B h i t h e r t o  unreported y-ray l i n e  a t  .7E7 
i!l s v . 

The "Rodgers Effect" (change i n  scattering of  p o l a r i z e d  
X-rays from a sca t te reT caused by an Ac  magmt ic  f i e l d )  has been 
sought wi th  l"u197 y-rays (. 4 heV)  Althaueh t h e  experiments  a r e  
not  e n t i r e l y  consistent, t h e r e  seems t o  be some evidence t h a t  ar, AC 
f i e l d  does incresse  t h e  scattering of  polarized Y-ra.ys from a 
sca t te re r .  So f a r  there  i s  no s a t i s f a c t o r y  exp lana t ion  of  t h e  e f f e c t .  
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Phys ica l  E l e c t r o n i c s  - The e f f e c t  of temperature  on t h e  pu l se  s i z e s  
of  anthracene and naptha lene  sc i r t t  i l l a t  ion has been s tudied .  
accordance w i t h  tneosy,  i t  i s  found t h a t  naptha lene  snows a g r e a t e r  
pulse  height  i n c r e a s e  than  anthracene as the temperature  i s  lowered. 

Clr - -  
I n  

A l k a l i  halide and anthracene counters  have been compared. 
The a l k a l i  halides [ i v e  l a r g e r  p u l s e s  than  anthracene,  b u t  t h e  
duration o f  the 1iGh.t f lashes  {arid therefore  the  resolving t ime)  
i s  longer,  

Extens ive  studies of t h e  mechanism of Gei6;er coun te r  d i s -  
charge i n d i c a t e  t h z t  e&ctron c o l l e c t i o n  p l a y s  animportant  r o l e  i n  
t h e  discharge when t h e  counter  vo l t age  is well above threshold .  

Physics of  S o l i d s  - The r e l ease  of  r a d i o a c t i v e  gas  frorn irradiated 
AI-U a l lo3s at temperatures  between 2W0 C an6 5C1G°C*has been 
measured 
a t  a maximum i3ate a t  25OoC. This observa t ion  is of  importance i n  
e s t ima t ing  the  inherent safe ty  of ii p l a t e  t y p e  r e a c t o r  which has 
l o s t  i t s  water .  

L - 
It appears  t h a t  KrQ5 (ha l f  l i f e  9.8 days) i s  r e l eased  

A refined c s l c u l a t i o n  of t h e  ra te  of enerGy l o s s  from re- 
c o i l  C atoms shows t h a t  t n e  arnourit of energy used up i n  damaging 
t h e  lattice depends o n l y  weakly on tne  energy of  t h e  C r e c o i l .  This 
means t h a t  t n e  number of collisions of' f a s t  neut rons  per c.c . ,  rath- 
e r  than  t h e  energy t r a n s f e r  per c. c. is a more relevant measure of 
t h e  damage produced i n  t h e  1-a t t i ce .  

Equipment f o r  making Elall e f f e c t  measurements on i r r ad . i a t ed  
semi-conductors has t e e n  s e t  up. 
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SECTIO& I - PEYSICS 

A. E. Snell, Sect ion Chief 
S ,  Bernstein,  Associ2te Sect  ion Chief 

Neutron Decay Experiment - (Snel l ,  Bernstein) E f f o r t s  have been 
continued i n  l o u k i n ~  f o r  coincidences between the  expected products  
of neutron d e c ~ y ,  v i z :  beta p a r t i c l e s  countec? i n  a thin-window 
Geiger counter ,  and protto.ns a c c e l e r a t e d  and focused upon a secondary 
e l e c t r o n  xnult i p l i e r ,  'The s i t u a t i o n  a t  present  may be  summarized by 
sayinc t h a t  we g-et 'repeating p o s i t i v e  e f f e c t s ,  b u t  t h e >  a re  much 
smaller t han  would be expected from the  individual proton count ing 
ra te .  

c1 

T h i s  m q  be illustrated. as follows: 

I n  a t y p i c a l  run,  t h e s e  were 59t? cpm cf f o i l - s e n s i t i v e  counts  
i n  the multiplier, 
betas frorr, the p o s i t i o n  of tile decayin@ neut rons  had been s e p a r a t e l y  
eva lua ted  as C.GC4. I h w e f o m ,  i f  a l l  o f  t h e  592 f o i l - s e n s i t i v e  
comts  i n  tk:c rr;!.~ltipl-ier r e a l l y  were caused bg protons from t h e  decay- 
ing r,eutror,s, tncre should be 59:: x O.GO4 = 2.4 Genuine coincidences 
observed p e r  nliiiute. Actual ly ,  we observe  a t  most about 1/10 of 
this amount. ?r:e problen ;  a t  t h e  moment is t o  see whether t h i s  d i s -  
crepanch is instrumental i n  oriF,in, o r  v\zhether it means that  t h e  
neutyon h a l f - l i f e  i s  l o n ~ e r  than woul6 be expected from the m u l t i p l i e r  
s inc;le c mnt in[ ra tes  alone. 

The e f f i c i e n c y  of t h e  couxlter f o r  r eg i s t e r in& 

photoneutron Yie,lds - ( S n e l l )  Some o l d  (1945) experimental  data  
on r ,notoneutron y i e l d s  have been re -eva lua ted  and c o r r e c t e d  f o r  e f f e c t s  
sucii a s  tne abso rp t ion  of the 6;nrrma rays  in the  E20 and Be spheres 
surroundin(; t h e  radioactive sources. The r e s u l t s  s tand as  follows: 



Photoneutron Source Standard Yield 

14. 1x104 neut rons  p e r  sec 
p e r  gram of t a r g e t  

27.0 m a t e r i a l  a.t 1 em, 

4. 5 

The C-EI'~ da ta  a re  not  uniquel)  i n t e r p r e t a b l e  i n  terms of  photo- 

d i s s o c i a t i o n  c ross  s e c t i o n s  because of the  c m p l e x i t y  of t h e  decay 
scheme. The r e s u l t s  are d i r e c t l y  i n t e r p r e t a b l e ,  and lead  t o  
t ne  following r e s u l t s  f o r  the  photo-d issoc ia t ion  c ross  s e c t i o n  
f o r  2.7E Mev carma ~ 3 ~ s :  

I t  i s  thm&ht t h a t  i n  absolu te  mag,.nitude these  are c o r r e c t  w i t h i n  
aboct  12%. 

Possible heu t ron  AbsorFtion Resoname i n  hrbiun - (Stanford,  
Stephenson).  
.C3 ev  to 0.7 e v  w i t h  t h e  bent qua r t z  c r y s t a l  spectrometer ,  
sample used consisted of ve ry  p u r e  E:r2OV. 
o f  members o f  t h e  Chemistry Divis ion spectroscopic and a c t i v a t i o n  
me2susements showed t h a t  i t  contained less t h a n  0.61% by weight of 0 t h  
o t h e r  r a r e  earths. 
a l  samples were used, t n e  larEest sample c o n s i s t i n &  of 54 mc. of 
F:r$+ i n  a capillaq tube of  2 nm i n e i d e  diarrqter. 

Tile neutron cross-sect  ion  of e rb ium wa6 measured from 
The 

According t o  r e p o r t s  
L' 

It contained a l s o  2.Z$ b y  weight of  water. Sever- 

The accompanying curve, E'igure 1-1, sh.ows t h e  t o t e l  cross-  
s ec t ion  i n  barns pe r  erbium ator ae a f u n c t i o n  of  neutron enerGy i n  
ev, A resonance was found i n  t h e  neighborhood of  0.5 ev having a - 
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SECRET 
maxirium value of a t  l e a s t  170C barns.  The e x a c t  p o s i t i o n  o f  t h e  
peak and t h e  rnariimm value o f  t h e  c r e s s - s e c t i o n  cannot be Given 
wiitb apy g r e a t  accuracy,  s ince  t h e  instrument  has been se t  up 
f o r  s p e c i a l  work a t  lower ener6,ies. The shape of t h e  curve  seems 
t o  suggest  a l m  t h a t  t h e r e  i s  a p o s s i b i l i t y  tnat  t he  hump i n  t h e  
c ros s - sec t  iorr a% about 0.5 ev m3y c o n s i s t  o f  more than one resonance, 
t h e  r e s d v i n g  power of t h e  instrumer,t bein@> no t  Erea t  enough t o  

prove o r  d i sprove  t h i s  p o s s i b i l i t y ,  I t  should be p o i n t e d  o u t  t h a t  
Sturm, e t  a1 (Revicws of  Modern Fhysics 19, 286 (1947))  f i n d  a 
resonance i n  europium a t  about  0.45 ev wi th  a peak c ros s - sec t ion  
of  about EOCC barns.  Fowever, t he  cnemists  contend t h a t  t h e  presence 
of a s i p i f i c a n t  anount o f  Xu i n  our  siinlp1.e i s  extrerclelly unlikely. 
From t h e  curve, i t  can be seen t h a t  t h e  cross-secti ion pe r  erbium a ton  
a t  .03 ev is  E 5  barns.  

T o t a l  Cross-Sect inn of  Xi5GC - (S tanford ,  Stephenson, &ernstein, 
Shapiro,  D i a l ) .  bleasurements were t aken  of  the  t ransmiss ion  o f  a 
sample cf Ni58G from about 0.0: EV t o  (2.5 CV. 
shown in Figure 1-2, i n  which t h e  t o t a l  cross-section p e r  molecule 
o f  NPO i s  given  ae a func t ion  of neut ron  e w r g y ,  AS can be seen 
fron: t h e  graph,  c rys t a1 l i s . e  d i f f r a c t i o n  e f f e c t s  are  ve ry  d i s t i n c t ,  
The f a c t  ths? such l a r c e  c r y s t a l l i n e  e f fec ts  p e r s i s t  i n  t h i s  caSe 
a t  such high m x c , y  values, o r  f o r  such  small. grating-space values ,  
i n d i c a t e s  at once t h a t  Ki5' i s  t h e  n i c k e l  i so tope  which i s  respon- 
s i b l e  for t h e  anornoloudy hign sca t te r i .n r j  c ros s - sec t ion  f o r  normal 
n i c k e l ,  a s  has been previcusly shown by  ShuLl and kol lan .  The 
Mil ler  indices respons ib le  for t h e  various peaks a r e  indicated a t  
t h z  appropr i a t e  energy values on t h e  [yaph. Sincc the  crystal 
s t r u c t u r e  of n i c k e l  oxids  ic, t h e  sane t y p e  as i?dX, t h e  f a c t  t ha t  
t h e  (422) discontinuity i s  much l a r g e r  than  tine (393,511) discon- 
t i n u i t )  psoves t h a t  the  phase of scatterinc from Ni5' is of  t h e  
S a m  sign as  the  phase of scattering from oxygen. The va lue  of co- 
he ren t  s c a t t e r i n g  c ros s - sec t ion  of' t he  bound Ki56 nucleus has been 
c a l c c l a t e d  from the  he ight  of tile 422 d i s c o n t i n u i t y  and found t o  be 
%E. barns.  

- - 
The results are  
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- 
This  vzlue was obta ined  from t h e  expression 

i n  which 0hk;CL height  o f  t h e  d i s c o n t i n u i t y  of t h e  c ros s - sec t  ion 
of  t h e  bouna nucl-eus due t o  r e f l e c t i o n  from the  
p l ane  h k l ,  
wave l e n g t h  of t h e  n e u t r o m  
number of molecules p e r  cm' 
m u l t i p l i c i t y  oi' t he  p l anes  hlcl 
&rat in&-spac2 of t h e  p i ams  h k l  
c r y s t a l  atructurr:  f a c t o r  per r rol '3c~le .  

A 
N1 

jh,l 
dhkl = 

Fhkl 7 

I n  c a l c u l a t i n g  t h e  crkstal. s t r u c t u r e  f a c t o r  t h e  value 
ob ta ined  by S h u l l ,  h o l l a n  and Mameg of  4.15 b a r n s  f o r  t h e  scat ter-  
ing  c ros s - sec t  ion per b o u d  nucleus of crxlzen was used. 

The value o f  ,?e b a r n s  cor responds  t o  8 s c a t t e r i n g  c ros s -  
s e c t i o n  f o r  t h e  fret=, nucleus of about 25 barns .  This  value of 25 
barns  a ~ r e e e  q u i t e  wcl l  wi th  t h c  vdue 24.3 ba rns  obtained by  using 
t h e  avsraL,t vcluc of 2e harm <,her, by the  d a t a  i n  the  r q , i o n  from 
about 0 . 2  ev t o  G . 5  ev, where c r y s t a l l i n 6  and molecular binding 
e f f e c t s  ,*hculc? be  small, and subtractin(:  from it t h e  value 3.68 b 
ob ta ined  by S h u l l ,  Vioflan. 2nd Jkrney f o r  t h e  f r e e  nuc lea r  s c a t t e r -  
i ng  c ros s - sec t ion  of  oxygen. The va.1ue 2 E  b a r n s  f o r  t h e  coherent 
s c a t t e r i n g  c r o s s - s e c t i o c  o f  agrees a l s c  w i t h  t h e  value of  27 
barns  ob ta ined  by Sbu11, lrlollan and Marney Crom t h e i r  powder 
d i f f r a c t  ion s t u d i e s ,  recorded eslewhere i n  t n i s  repor t .  The General 
f e a t u r e s  of  t h e  curve, i n  addition t o  t h e  422, and 333 r e f l e c t i o n s ,  
a,grce a l s o  w i t h  p r e l i m i n a q  c a l c u l a t i o n s  of  t he  ene rg ie s  a t  which 
t h e  d i s c o n t i n u i t i e s  s h u l d .  appear  and of t he  magnitude of t h e s e  
d i s c o n t i n u i t i e s ,  



SECT1014 111 - &EUTRON &XO hRJCLEAB PHYSICS 

E. 0. ;mollan, Sec t i cn  Chief 
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S c a t t e r i n g  Cross Sec t ion  and Phase S c a t t e r i n g  f o r  Ki5e and Ni6*. 

Various s c a t t e r i n g  c r o s s  s e c t  ion de te rmina t ions  f u r  Ni have in- 
d i c a t e d  a much larger s c a t t e r i n g  than  suggested by s imple p o t e n t i a l  

- -- * 

s c a t t e r i n g .  Normal nickel con ta ins  two major isotvopes, ?u'i 58 

(S8.0$) and N i E o  (27 .8 )  along wi th  t h e  minor i s o t o p e s  Kie l ,  Xi62 
and NiCi4. I n  a t t empt ing  t o  assign t h e  anomalous s c a t t e r i n g  cross 
sect ior i  t o  a p a r t i c u l a r  i so tope ,  samples of  ~ i 5 %  and KiE*o were 
obtained from t h e  I s o t o p e s  Product ion Division a t  Y-12 and were 
examined i n  t h e  neu t ron  d i f f r a c t i o n  spectrometer.  

* 

Figure 111-1. shows t h e  d i f f r a c t i o n  p a t t e r n s  ob ta ined  f o r  
t h e  th ree  nickel oxide preparations c o n s i s t i n g  of Sis8, N i E o  and 
normal N i .  The experimental da ta  f o r  the t h r e e  smnples have been 
c o r r e c t e d  f o r  specixen weight, abso rp t ion ,  e tc .  s o  t h a t  the  p a t t e r n s  
a r e  d i r e c t l y  conparable, dincc  nickel oxide c r y s t a l l i z e s  i n  t h e  
Gael-type f ece  centered cubic  s t r u c t u r e ,  a comparison of  t he  (111) 
and (260) i n t e n s i t i e s  permits  a d i r e c t  determination o f  the phase 
o f  scEtter inc,  of t he  n i c k e l  isotopes, It is  seen i n  Figure 111-1 
that  tne  (200) r e f l e c t i o n  i z  stron&;er than the  (Ill) r e f l e c t i o n  f o r  
a l l  t h r e e  specimen and henee it follows t h a t  €iis8 and &iCo and 
elemental Ki s c a t t e r  neut rons  wi th  positive phase, the same as does 
oxyger,. 
i r t t ens i t ) ,  s i g n i f y i n g  t h a t  t h e  s c a t t e r i n g  c ross  s e c t i o n s  are  wide ly  
dif 'f 'ercnr.. From t h e  measured i n t e n s i t i e s  o f  t h e  d i f f r a c t i o n  peaks, 
t h e  coherent  s c a t t e r i n &  c r w s  sections f o r  Ni56, X i E *  and e l emen ta l  
h;i have been determined a s  27, 2 and 14 barns respectively. Since 
p o t e n t i a l  s c a t t e r i z g  (WE2) according t o  t h e  p h y s i c a l  s i z e  of  t h e s e  
n u c l e i  should c o n t r i b u t e  a s c a t t e r i n g  c ros s  s e c t i o n  of  only about 
5.7 barns ,  it is  seen t h a t  t h e  anomalously high s c a t t e r i n g  f o r  

It  is also seen t h a t  the p a t t e r n s  d i f f e r  markedly i n  

- 14- 
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1 
n i c k e l  is caused by t h e  Ei5e i so tope  i n  s p i t e  of the f a c t  t h a t  t h e  
s c a t t e r i n g  by Ri6’ is  lower t han  t h e  expected p o t e n t i a l  sca t te r in@; .  

Both f;i58 and N i E o  a re  even-even n u c l e i  wi th  presumably ze ro  
s p i n  and hence t h e i r  coherent  s c a t t e r i n g  cross s e c t i o n s  should  b e  t h e  
same a s  t h e i r  t o t a l .  s c a t t e r i n g  c ros s  s e c t i o m ,  Fron t r ansmiss ion  
measurements on t h e  n i c k e l  ox ide  sanples,  t h e  total .  s c a t t e r i n g  cross 
s e c t i o n s  f o r  Ni58, 
and 1 7  b a r n s  r e s p e c t i v e l y ,  as shown i n  Table  1. 

and elemental  Ni were determined as 25, 3 

Table  3 - S c a t t e r i n g  Cross Sec t ions  f o r  I s o t o p i c  and 
Elemental  Nickel Samples 

Coherent S c a t t e r i n g  T o t a l  S c a t t e r i n g  
Cross Sect ion Cross Sec t  ion 

25 barns  ~ i 5 8  27 barns  

N i  e1ernen.t 14 17 

* Not corrt-ctcci t’or residual .  water conten t  in sample 

?)h2 agreement between t h e  two cross  s e c t i o n  va lues  of rU’iw 
i s  s a t i s f a c t o r i l y  wi th in  experimental  e r r o r  while  t h e  presence of 
unccr rec ted  residual water i n  t h e  Ki60 sample makes t h e  t o t a l  scatter-  
ing larger than  the  coherent s ca t t e r ing ,  It  would no t  be expected 
t h a t  t h e  t o t a l  and coherent  s c a t t e r h g  f o r  e lementa l  N i  should b e  the. 
same because of  i s o t o p i c  incoherence.  A calculation of t h e  incoherent  
s c a t t e r i n g  t o  he expected for N i  us ing  t h e  above coherent sca t te r -  
in& cross s e c t i o n s  f o r  the  i so topes  leads t o  a value of 2.7 barns  
and this added t o  t h e  coherent  scattering agrees: s a t i s f z c t o r i l y  with 
t h e  t o t a l  s c a t t e r i r i g  cross  section for e lementa l  h i .  

T ~ F ;  large value f o r  t h e  s c a t t e r i n g  c r o s s  section o f  x i 5 1  
coupled wi th  the f a c t  t h a t  t h i s  nucleus s c a t t e r s  w i th  p o s i t i v e  phase 
sugges t s  on t h e  F e s n b a c h - P e s s l ~ e - ~ e i s s k ~ ~ f  p i c t u r e  the  presence o f  
a s c a t t e r i n g  resonance a t  z nearby virtual energy, On the  o t h e r  



- 
hand, t he  smaller-than-expected 
along with i t s  p o s i t i v e  phase of s c a t t e r i n g  suggests t h e  presence of : 
a nearby r e s o n m c e  a t  a higher- than-thermal  energy, 
have r epor t ed  evidence f o r  a resonance a t  s e v e r a l  hundred v o l t s  
energy and t h i s  presumably is  t o  be a s soc ia t ed  w i t n  t h e  Nice 
nucleus .  

s c a t t e r i n g  c ros s  sect  ion f o r  

Havens, e t  ' 'a1 

S c a t t e r i n &  Data f o r  Miscellaneous Elements. 
i s t  per iod  wi th  t n e E u t r o n  

A number of elements 

d i f f r a c t i o n  spectrometer in con t inua t ion  of' t h e  survey of  t h e  
s c a t t e r i n g  p r o p e r t i e s  of var ious  elements and i so topes .  The 
materials s t u d i e d  included ZrC, ZmN, Th, Tho2, RbCl and SrO, 

From thhe p a t t e r n  i n t e n s i t i e s ,  t h e  coherent s c a t t e r i n g  c ross  s e c t i o n s  
and pha.ses of  s c a t t e r i n g  have been determined end t h e s e  a re  l i s t e d  
i n  Table  2. 

T a b l e  2 - S c a t t e r i n g  Gats f o r  Pliscellsneous Elements 

Element Mate r i a l  Phase of S c a t t e r i n g  Scattel-ing; Cross Sectibns 

S tud ied  A r q  1 i t ud e Coherent T o t a l  

Z r  Z r C ,  ZrK 

Th Thy Tho;, 

Rb R b C l  

P o s i t i v e  

t? 

?l 

4.9 b a r n s  

4.6 

5.3 

€3" 

% 6* 

12* 

12** 

11 9*5**  Sr SrO .-.r 

*From transmission measurements a t  C. 07 e ,v .  
**Thermal s c a t t e r i n g  cross s e c t i o n s  

A l l  of  these elements are seen t o  s c a t t e r  w i th  p o s i t i v e  
phase.. The coherent s c a t t e r i n g  f o r  Z r  and Rb appears  t o  b e  cons ider -  
a b l y  smaller than  t h e  t o t a l  s c a t t e r i n g  
sence of  4 considerable iscr topic  incoherence i n  t h e  o v e r a l l  s c a t t e r -  
in&+ 

and t h i s  i n d i c a t e s  thhe pre- 

On the o t h e r  hand, Tk? (be ing  rnonoieotopic$rth i.? zero s p i n )  

- 17- 
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number of  tne stop@g gas i s  a new experimental  r e s u l t ,  i n  agreerncnt 
w i t h  t h e  p r e d i c t i o n  o f  Eiolin, which shows up c l e a r l y  t h e  importance 
o f  n u c l e a r  stoppirib. The importance o f  n u c l e a r  s topping  is  f u r t h e r  
shown in t he  r e l a t i v e l y  sho r t e r  range of fission fragments i n  hydro- 
gen as compared w i t n  the ranee i n  deuterium, although t h e  e l e c t r o n i c  
s topp ing  of  t h e s e  gases  i s  t h e  same. Tbe d i f fz rer ice  i s  due e n t i r e l y  
t o  t he  inf luence  of t he  nuc lear  collisions; i n  a collision w i t h  a 
hydrocen nucleus twicc 3s  milch energy i s  l o s t  b y  t h e  fission frag- 
ment as i n  a sixnil.ar c o l l i s i o n  'd\iith a deuterium nucleus. 

Capture Cr:mmo. Rays from Chlorine - ( C ,  D. idoak and J. \I. T, Dabbs) .  
A nuniber of iniprovements have been made in  t h e  c loud  chamber equip- 
ment, These inc lude  a more in t ense  beam ( f a c t o r  of  about 5, obtair,- 
ed by e n l a r g i n g  the  hole  i n  t h e  s t r i n g e r ) ,  b e t t e r  sh i e ld ing ,  a 
ta rge t  changer, ZnO a d$.ta board which i s  photographed wi th  t h e  
chamber, The r a t i o  of Cl p a i r s  t o  background p a i r s  hzs not  been 
determined, but i s  es t imated  t o  be  grc;atsr thar, 10, by count ing  
t r a c k s  f m m  , . t h e  Pb f o i l  i n  t h e  chamber, and by counter  mezsurements 
in t he  chamber pos i t i on .  T ~ G  t a r e e t  chaq;;er a l 1 0 ~ ~ v s  t h e  t a k i n g  of  
a c y c l i c  se r ies  of  t n r e e  p i c t u r c s ,  ttvo of wtiich are backgrounds, and 
keeps t h e  t a r e e t s  i n  thc beax about; oxie second, t h u s  preventing; 
t h e  build-up cf' w s i d u a l  m t i v i t y  i n  t h e  zluminum c e l l s  which 
con tz in  CC14. 
neu t rons  of tiTe b r : : ~ ~  f ' a l l i n 6  on E C C 1 4  c e l l ;  t h e  slow neutrons 
are  stopped by a Boron p l a s t i c  bccrim s h u t t e r ,  The o t h e r  background 
is obta ined  w i t h  f u l l  bemi and ii gx-apkiite "equivalent  s c a t t e r e r "  
t a r k e t ,  which s c a t t e r s  a:: m::riy nea t rons  a s  t he  CC14, and thus  pro- 
duces as meny backcround gamma rays  i n  t h e  s u r r ~ u n d i n ~ ,  m a t e r i a l s  
a s  t h e  C C l 4 .  The data board g ives  t ime,  da te ,  magnet cur ren t ,  frame 
niunber, and hes a " p i l e  on" Light ,  i3.s well es a "background" l i g h t ,  
Runs on C 1  are i n  probress, h w i n e  been delayed somewhat by  two 
successive s h o r t s  t c  ground i n  the Eelmholtz c o i l s ,  

"LcI.----.-.c - .  

f h e  bwkgrounZ picture is obtaineci w i t h  only  t h e  f a s t  



- 
P i l e  O s c i l l a t o r  - (E. S. Pomerance). The at.omic cbsorption cross , - -  ? 

section fur thermal neut rons  has been measured for several  more 
s e p r a t e d  i s o t o p e s  p r e p a r e d  a t  Y-12. 
are shown i n  T a b l e  4. 

The r e s u l t s  o f  these experiments 

< 0 . E  b 

4.3 b 
2.1 b 
3.6 'b 
4.3 t? 

2.7 b 
1.8 b 
14.8 b 
4.2 b 

2 p:, 'r: 

Chemical impurities prevent  a b e t t e r  value.  
Using t h e  activation va lues  f o r  Cr50 and 
C r S 4  and oa f o r  norr;!aI. chrom.ium, t h e r e  re- 
mains sbout  15-20b f o r  
The i so tope  va lues  add t o  3.6 'G f a r  normal Cu. 

Supercede t h e  values  r epor t ed  i n  PdonP-,?EB 

The i so tope  values  add *to 4.19 for normal N i ,  
(19471 

could be found i n  tne  deple ted  
-'-)to 32, OOC account f o r  

The accepted value is t h i s  high value.  
2 a C  b,  

Several  measurements of n a t u r d  d e m e n t s  hzve been made, t h e  r e s u l t s  
which are  shown i n  Table  5. 

&le; 
S i  

Y 
v 
FLU 

I 

TASLE 5. 
C.06 b 
0.11 Is 

Dow d i s t i l l e d ,  end til 3% -41. a l l o y ,  were used. 
After allowing f o r  the boron impurity, cf 
OREL 5 1  

1.4 b 
4.5 b 
2 . 5  b 
6.1 b 



- 
Some serv ice  measurements o f  h e s  thorium metal, beryllium metal, <and 
brazed aluminum j o i n t s  were made f o r  t h e  Technical  Divis ion.  

Slowing Down Dis t r ibu t iGn  from a p o i n t  Source o f  F i s s i o n  Neutrons t o  
Indium Resonance Energy i n  hater - (3 .  li. Eill, I,. I), Roberts, T. E, 
Fitch,  G. RiicCarmnon). I n  th3 Last  t w o  q u a r t e r l y  r e p o r t s  t h e  d i s t r i b u t i o n  
i n  w a t e r  of indium resonmce neut rons  o r i g i n a t i n g  a t  F?. p o i n t  f i s s i o n  
source was e iven  i n  t h e  range of distances Pron t h e  source 0 R 92 cm. 
The moments of t h i s  d i s t r i b u t i o n  were not  given then f o r  it was known 
t h a t  the indium f o i l s  would be F c t i v a t e d  t o  QOIW ex ten t  by neut rons  o f  
energies d o v e  1.44 ev. 

1.44 -neut rons ,  measurements were made us ing  covered f o i l s .  I n  
t he  range 2:2$ cm. 2 R 5 7.54 em, a 6 i s k  source 5.0e cm. i n  diameter 
and 2.0 mm. t h i c k  placed lC! em. from t h e  bottom of t he  tank was used. 
I n  t he  mnge  7.54 cm.2 R 5 1 7  .EO crn. t h i s  same source was used b u t  was 
a t  t h e  bo t tom of t h e  tank. 
source 2.0 rim. t h i c k  by 1.0 em. square p l w e d  on t h e  bottom of the  tank 
was used, Between 2.28 cm, 2nd 17. EO cm, indium detection f o i l s  1 CR? 
square by 
were used, and between 1S.EO em. 5 R 5 35.59 cm, l a rge  indium f o i l s  4 cm 
x 6 2 5  cm x * 0.10 g/m2 
t h e  same t h i c k n m s  t c  with in  one percent .  
was sufficient t o  essec t ia l l - j  cornplctely 
range below 1C cv. 
normalized t o  t h e  same neutron source s t r e n g t h  2,s t h e  Cd covered d a t a  
of the  d i s t r i b u t i o n  t o  be corrected.  

.- 

TO o o r r e c t  f o r  t h i s  i l c t i v a t i m  by e p i  - 

In t h e  racLe 17.60 cm, 2 R 2 35 cm. a 

1.10 g/cm2 ar,d covered wi th  0.357 g/cm2 of  R (9& El1*) 

of B (9@ B l 0 )  were used. The f o i l s  were of 
The amourit o f  boron used 

remove neu t rons  i n  t he  energy 
I n  the  f'ollowiirtC tab lc ,  t h i s  d i s t r i b u t i o n  is given, 

R h - 4  
2*28 
2.37 
3. €5 
3. ?e 
4.43 
5.29 
E. 73 
0.24 
1C. 23 

TABLE: 6 
Curve clf A, vs. R. f o r  fndiwn Covered with Boron 

A, (counts/min) 
z99.7 
397.1 
277.3 
2.0,1. E 
,210.. 2 
12 s. 4 
55.7 
44,9 
3 € .  3 

R ( c r )  
1@*Q3 
1.1. ?5 
17.60 
19.56 
21. E4 
27* 17 
29. 71 
22.25 
35.59 

A, (counts/min) 
27.1 
22.4 
4.56 
3'4% 
0,412 
0.357 
0.292 
G, 143, 
0. G592 - 



- I n  t h e  Eccornpanying g raph ,  Figure 111-4, of  loglQ A,R" 9 

vs. 2, it is seen t h a t  t he  B,ron covered curve i s  about; 2% of t h e  
Cd covered curve,  and more impor tmt ,  t h e  two curves ere almost 
proportional t o  each o ther .  This  means t h a t  t he  second rnonent, 
32 ,  and also-the higher moments, will be almost t h e  same f o r  t he  
two curves ( w i t h i n  - l G f ~ ) *  
Boron covered indium Poi1 a c t i v i t y  and because of  the  p r o p o r t t o n a l i t y  
o f  t he  two curves,  the  c o r r e c t  moments f o r  a 1.44 ev. d e t e c t i o n  
energy will b e  obtained wi th in  a minute e r r o r  from thg Cd covered 
indium d i s t r i b u t i o n  without  e c o r r e c t i o n  f o r  a c o n t r i b u t i o n  hy nigher 
neutron energies, To calculate  these  moments, t h e  experimental 
ciatawre e x t r a p o l a t e d  from 92 c a  t o  i n f i n i t y  us ing  t h e  function 

Beceuse of t h i s  small magnitude o f  t h e  

* 

which were t h e  v a l u e s  ob ta ined  fron t n e  experimental da ta  nea r  92 cm, 

n 

2 

4 

E 

8 

1C 

.-.LI 

TlBLE 7 - The Edornents Hn of  the D i s t r i B u t i m  o f  L44 eu: *N$atr,oxh 7 

from a Poin t  F i s s i o n  Source i n  kijaler 
Moments 

2.092 x i3 6 

0.0130 

- 24- 





- 
Ace o f  heut rons  t o  I n  Resonance from a Poin t  Fiss ipn Source i n  a 
i\kixture of  A 1  + H,O 1: 1 b d  Volume - (J. E. H i l l ,  L.D. Roberts ,  
T. E. F'itch, and G. I\.lcCmmon). A t a n k  5' x S T  x E '  hiGh r e s t i n $  on 
the  X-10 p i l e  thermal  column WEIS f i l l e d  f i r s t  w i t h  2-S aluminum 
p l a t 2 6  1/4" t h i c k  and spaced 1/4", and next w i th  water. 
t aken  t o  in su re  t h a t  2ir was completely rerncved. 
aluminm-water mixture  1:l by volume. 
p a r a l l e l  t o  the bottom of t h e  t a n k  and i n  such a way t h a t  a s t r i r , g  
of' f o i l s  could b e  i n s e r t e d  and removed along t h e  c e n t r a l  v e r t i c a l  
a x i s  of  the t ank ,  
f o i l s  4 en .  x 6. 35 cm-. x -, 0.10 g/cm2 t h i c k  were  used. 
of t he  same t h i c k n e s s  t o  wi th in  one percent ,  
ed i n  Cd boxes w i t h  a w a l l  0.320 cm. t h i c k ,  
of  uranium 23j5-almninum a l l o y  of e u t e c t i c  composition c u t  i n  t h e  
form of  a d i s k  5.08 cm, i n  diameter ,  an6 2 rnm. t h i c k ,  Th i s  source 
i s  one which was previously used in.  t h e  "age i n  water" measurements. 

__" I_- - 

Care was 
This  g ives  an  

The p l a t e s  were s tacksd 

h a l l  of the measurements r epor t ed  below, indium 

The f o i l s  were enclos- 
They were 

The f i s s i o n  source was 

In t he  range of d i s t a n c e s  from t h e  source 3.31. cm 
< 26.69 cm,the source was -+ 20 cm, from t h e  bottom of t h e  tank.  For 
t h e  range 26.55 ern, < R 5 52.W cm. t h e  source was on the bottom 
of  the tank. 
measurements ~f age i n  HzO and are such t h a t  t h e  measured neut ron  d i s -  
t r i b u t i o n  cor.r.c:sponds t o  t ha t  f o r  a po in t  source i n  an i n f i n i t e  
Al-I-120 niediurr,. 

R 
rr 

Y 

- 
This selection of  source p o s i t i o n s  was based on 

The 6 i s t r i B u t i o n  as  m a s u r e d  t o  d a t e  i s  given  below. 

(em) 
3*31 
E. 85 
10.99 
14.45 
18.67 
22. IC7 
26. 35 G 842 x 104 

R (Cui) A, b / m )  
25. .a9 L 4 2 8  x 1G4 
30.19 2 . ~ 9 2  104 
24.29 1.636 x 104 
3'7.69 5 . ~ 0 1  x 163 
41- 8 9  4,795 x 103 
45.19 2.822 103 
49.39 1.495 x 1G3 
52. e9 8.259 x X I 2  

I n  measuring A,, the f o i l s  were counted only  on t h e  s ide  
c lose  t o  the source ,  
f o i l s  and correct;  t h e  abovk d i s t r i b u t i o n  suitably. 

We w i l l  s h o r t l y  o b t a i n  A, f o r  o t h e r  s ide  of  t h e  

- 2 c- 



--.111 
It is  planned tc o b t a i n  t h e  distribution in a more detailed 

fashinn near the  s w r c e  and c a r r y  the messurements o u t  t o  % 90 cn. 
A preliminary calcul .a t ion o f  R2 from these da ta  Gives 

T h i s  c o n s t m t  has hem. ca lcu la t ed  by N. M. Dismuke and Li. R.- Amette, 
-2 WmP-219, ani? t h e i r  value of& is 70.0 cn2 correspondine to 

E 

R2/6 = 31 crn2 f o r  p r e  water.  
about 10% grea ter  thcin t h e  t h e o r e t i c a l  value.  lie p r e f e r  t o  reserve 
a discussion of this d i f f e rence ,  however, until our  experiments are 
completed. 

- 
Our p r e l i m i n a r y  v a l u e  is seen to b e  



SECTION IV - PHSICU &LECTROKICS 

Yi. E. Jordan ,3ec t ion  Chief 

Long Period Delayed Neutr - (Vi. H, Jordm);  I t  has a l r e a d y  been 
r epor t ed  (CNL-35) t h a t  observa t ions  w i t h  B f i s s i o n  chamber i n  t he  
X-10 p i l e  have shown t h a t  f o r  many hours  following a p i l e  shut-down 
tne  neritron f l u x  i s  many times t h a t  t o  be  expected from spontaneous 
f i s s i o n .  'This has been intensivly i n v e s t i g a t e d  i n  an e f f o r t  t o  
f i n d  the source of these neutrons.  It nou' appears t h a t  t h e  r a t e  of 
decay o f  the  neut rons  i s  very s imilar  Lo t h a t  observed by k r n s t e i n  
(CNL-3L';) f o r  photoneutrons genera ted  i n  bery l l ium by fission product  

gzmma rays. It has been ca l cu la t ed  arid experimentally checked t h a t  
the e f fec t  could be accounted f o r  by approximately 600 gms, o f  Be 
a t  the p i l e  c e n t e r ,  which i s  equivallxrt t o  1800 gns. distributed 
throughout  t h e  p i l e .  

An anal-ysis o f  a sample cf AGOT g r a p h i t e  by t h e  spectros-  
copic  l abora to ry  i n d i c a t e d  no Be i n  m o u n t s  l a r g e r  than 3 ~ 1 0 - ~  
par t s .  T h i s  gives a rnzxirnw of 12 gm, of Be i n  t h e  p i l e .  CC-870 
gives  c3n analysis of' t hc  u m n i m  slugs and the 2-5 aluminum used f o r  
ccnning the sl.ug;. 
The Be conccn t r z t iQn  i n  AL T h i s  means about 15 
gm of Be i n  t m  uraniurn x-td less than 1 ern i n  t h e  A l .  The p i l e  i s  
used f o r  i r r a d i a t i n g  a g r e a t  rrany substacces, but  a search through 
the f i l e s  h a s  f a i l e d  t o  rr;vesl rore t h a n  a few grams o f  Be, On 
the  o t h e r  hand, t h e r e  is  t k e  p o s s i W i t y  tna t  eomeone has pu t  some 
BE; i n  t h e  p i l e  without  informinc t h e  o p e r a t o r s ,  o r  that  c o n t a i n e r s  
o r  structural m a t e r i a l s  contaif i ing Be have been overlooked. 'The 
f a c t  t h a t  t h e  decay curves  a r e  c h a r a c t e r i s t i c  o f  Be (but  no t  of  
D,O) l eads  one t o  suspec t  such en explanation, 

'i'ne Be in uranium m o u n t s  t o  one pa r t  in 10 7 
i s  l e e s  than 1C' 6 . 



. 

S c i n t i l l a t i m  Counters - (Bell ,  Davis ) .  The scintillatian work 
previously repor ted  is  b e i n g  cont inued.  Af t e r  t h e  r epor t  by  
R. H o f s t a d t e r l  t h a t  c e r t a i n  elkiali hal ide c r y s t a l s  a c t i v a t e d  with 
a small concentrat5on o f  t ha l l i um h a l i d e  func t ion  as s c i n t i l l a t i m  
crys ta l s ,  several samples of such m a t e r i a l s  were tried. Sodium 
iod ide  was melted wi th  var4aus amounts of  t ha l l i um i o d i d e ,  The 
r e s u l t i n c  semi t ransparent  masses were found t o  produce moderately 
s t rong  blue fluorescence under u l t r a v i o l e t  l i g h t .  
about  twice as la rge  a s  those from anthracene were obtained f o r  
CoEe gamma ray8 wi th  t h e  crystal a t  room temperature. 
f lashes ,  however, werc observed t o  be  long. Figure 1v-1 shows t h e  
r e s u l t s  o b t a i n 4  3s ing  t h e  wide bawl (risc. tirncs 013.5 ,u sec, f a l l  
t i n e  cons tan t  * 0 . 1 7  u. see)  and the  medium band ( r i s e  time 0.7 
p see, f a l l  t ime 2 . C  p sec)  of' t h e  A-1 l i nea r  amplifier, The curves  
have been normalized s o  t h a t  the  pulse  he igh t  f o r  anthracene i s  tbe  
s m e  an t he  twcl bancis, T h i s  is j t x c t i f i e d  f o r  an thracene  s i n c e  
the  l i g h t  p u l s e  from it; has  been found t o  be  v e r y  s h o r t  (< -03  p see), 
The p u l s e  d i s t r i b u t i o n  i s  smaller f o r  the N?I-'rLI on t h e  wide band 
than on the  meditun band. A d i r e c t  o sc i l l o scope  examination o f  
t h e  pulses  of  the  wide band showed a rise as r a p i d  PS t h e  amplifier 
would allow (0.15 p see)  and exponential fall of about  0.5 ,u eec 

per iod ,  
t i c s  produced k;y thc; limite5 number of  photoe lec t rons  from t h e  lP21 
photo-cathode. 
gave an exponential decay curae,  howevr?~~;', 

. 

Counting p u l s e s  

The l i gn t  

The pri,'lses wh-~rr :  very ragged on t h e  f a l l  due t o  poor statis-  

A l o n g  p h o t o g r q h i c  expostlre i n t e g r a t i n g  many pulses 

The samples were c o d e d  t o  near  d r y  i c e  temperzture and a 
considerable decrease in  t o t a l  light ou tpu t  and 8 lengthening of the 
pulse  was observed; p u l s e s  from anthracene, on $be o the r  hand, showed 
sone increase i n  s i ze .  Figure IV-2 shows t h e  r e s u l t s  obtained. The 
data  is  normalized as i n  Figure IV-1.  Note t h a t  these figures a r e  
i n t e p a l  p l o t s  showing the  count ing r a t e  of  a l l  pu l se s  lasGer than 
t h e  value i n d i c a t e d  f o r  t h e  pu l se  he ight ,  

Other  samples of  KaI-TLI c r y s t a l s  have been growyus ing  t h e  
method of 3. Kyropoulos&. T h i s  rr:e-thod produces large c l e a r  samples 

'R, H o f r t a d t e r ,  P h y e .  R e v I  I d ,  1 0 0  ( i 9 4 8 ) .  

2 S ,  K y r o p o u l o s ,  Z e i t s .  f .  P h y s i c ,  6 3 ,  P P e  8 4 9 - 8 5 4 ,  1 9 3 0 ,  
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- 
which g i v e  s u b s t a n t i a l l y  t h e  same r e s u l t s  a s  t he  p o l y - c r y s t a l l i n e  
masses f i r s t  used. The m a t e r i a l  was niel ted i n  a po rce l a in  beaker 
and a s ta in less  s t e e l  tube  cooled by an i n t e r n a l  a i r  b l a s t  was 
i n s e r t e d  i n  t h e  l i q u i d ,  A f t e r  a sml1 lump hzd grown, it  was al- 
most withdrawn from t he  l i q u i d  and a l a r g e r  mass allowed t o  form 
on i t s  end. It has been observed t h a t  t h e  s u r f a c e  o f  t hese  
crystals immediately became wet on exposure t o  a i r  and i f  then  
p laced  i n  a d r y  a.trnosphere show a s t r o n g l y  f r o s t e d  su r face ,  

he observed some months ago t h a t  t h e  pulses from anthracene 
and naptha lene  increased i n  s i ze  when cooled t o  d r y  i c e  temperature ,  
Dr., Frede r i ck  S e i t e  felt t h a t  the experiment should be done a t  
s t  ill lower .temperature, p r e d i c t i n g  t h a t  naptha lene  might well 
show a g r e a t e r  i n c r e a w  i n  pu l se  s i z e  on s t rong  c o o l i n g  than  would 
anthracene ,  Consequently, appa ra tus  f a r  c e d i n g  t o  l i q u i d  
n i t r o g e n  temperature  while main ta in ing  e l e c t r i c a l  s h i e l d i n g  and 
p reven t ing  t h e  condensat ion of wa te r  vapor OR the  i n s u l a t o r  s u r f a c e s  
was prepa red ,  
maintained a t  room temperature  and o c l y  t h e  c r y s t a l  and photot 
m u l t i p l i e r  were cooleil. 
t h e  photomu1.t i p l i e r  vms expected upon cool ing.  
f a s t  c o u n t e m  a-t the Universi ty  of Rochester ,  Dr. N a n  M, Glover 
of  t h e  h d i o  Corporat ion of America, r e p o r t e d  t h a t  they found l e s s  
t h a n  2 d b  change in c.ain i n  F h o t o r n u l t i p l i e r s  from +EOo t o  -120' C. 

The resistors needed f o r  t h e  pho tomul t ip l i e r  were 

fu'o change in t he  ga in  o r  e f f i c i e n c y  of 
A t  ~l meeting on 

hhen an thracene  was cooled t o  l i q u i d  n i t r o g e n  temperature 
(-196' C )  t he  pu l se  s i2e i n c r o m & i  about E@;. The pu l se  d u r a t i o n  
has not  ye t  been examine5 on the very  fas t  t"mp1if'ier b u t  a t  l e a s t  
has not  become as 1onG as 0.15 ,!L sec, 
l a r g e  increase  (about E t imes)  and a l s o  shows no d r a s t i c  increase of  
l i g h t  p u l s e  du ra t ion ,  
t i o n  found a t  room temperature  and l i q u i d  nitrogen temperature. 

i \apthnlene shows a very  

Figure 1V-3 shows t h e  p u l s e  he igh t  d i s t r i b u -  

Small Radihtiolz Imtr1m-ents - (Bell ,  Jones) Four small radiation 
inst rwrmnts  o f  very s b p l e  md rugged des ign  have been under develop- 
ment f o r  about  a year. 
ments i s  novr such as t o  a l low t h e i r  genera l  use. One of  these  
ins t ruments  i s  the  pocket r a d i a t i o n  c..lam p rev ious ly  reported'. 

----.-.-.-..---- 

The s t a t e  of development o f  t h e s s f  i n s t r u -  

* P h y s i c s  Q u a r t e r l y  R e p o r t ,  M o n P - 3 1 4 ,  a n d  ' P o c k e t  R a d i a t i o n  A l a r m '  

b y  P. R. B t l l b  D e c l a s a i f i e d  A u g u s t  19, 2947. i 
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L 
The second of these instruments ,  c a l l e d  Haymeter #1 for l ack  of 
a b e t t e r  name, i s  intended tr: read  rac l ia t ion  i n t e n s i t y  f o r  a, 
fir y o r  s l o ~  neut rons  on a l i nea r - loga r i thmic  s c a l e  extending 
from about 10 rnr/br t o  about 1oC-2CC R/hr of  gamma rad ia t ion .  
The instrument  i s  about 2-5/8" wide, 1-1/8" t h i c k  and 4'' long. 
The weight i s  about 126 grams. This  inc ludes  the  weight of t h e  
p l a t e  and f i l m e n t  b a t t e r i e s  contained i n  it .  The R M E Z  f i lament  
b a t t e r y  and spec ia l  p l a t e  b a t t e r y  a r e  s u f f i c i e n t  f o r  about 100-2OC 
hrs .  of  cont inuous use. 

The e l ec t rome te r  Lube uscd i s  a Raytheor, CK-571-AX and is 
used from i t s  f l o a t i n g  g r i d  p o t e n t i a l  up i n t o  t h e  e l e c t r o n  g r i d  
cu r ren t  region, It  was expected t h a t  tubes used i n  t h i s  reg ion  
might show cons iderable  changes i n  p r f o s m a n c e  a f t e r  being i d l e  
f o r  sane p e r i o d  but a f t e r  a few minutes  warm up the tubes  g ive  
r e l i f i b l e  r e s u l t s  even a f t e r  a week shtdornin. A c h a r a c t e r i s t i c  of  
t h i s  method of us ing  a t u b e  wi th  an i o n i z a t i o n  charnber is t h a t  a t  
low i n t e n s i t y  o f  r a d i a t i o n  t h e  meter motion i s  slovj and takes a 
cons iderable  f r e c t i o n  of a minute f o r  r ead ing  a r a d i a t i o n  leve l  
near 10 mr/hr,  however, t h e  r a t e  of motion becomes more r a p i d  as  
t h e  r a d i a t i o n  i r , t e n s i t y  inc reases ,  requir i r ig  only  a few t e n t h s  of a 
second t o  come t o  a rwd i r&g  m a r  1 R/hr. 

A t h i n  window on thc bottom f-cce of t h e  ion chamber allows 
t h e  en t r ance  of  alpha prcrticles and s o f t  b s t a  p a r t i c l e s  with an 
e f f e c t i v e  opening o f  about SO$; the  alpha p a r t i c l e  range i s  reduced 
by about 1/4 cent imeter  in a i r .  
conduct ive and i s  cons t ruc t ed  by c e m a t i n g  two sheets of  Dutch 
lezf  (s ign p a i n t e r s  aluminum f o i l )  one after t h e  o t h e r  onto  a t h i n  
open mesh of p l a s t i c  threads,  
o f  Raymeter #l. 
pent Co, fiiodcl 152, A b e t t e r  meter is  being obta ined  from Weston 
Snstrurrient Co, s i rn i1p .1 :  t o  tM used i n  t h e i r  photographic  l i gh t  
meters,  

T h i s  window i s  l i g h t  t i g h t  Eind 

Figure IV-4 i s  t h e  c i r c u i t  diagram 
The meter used i s  a modified I n t e r n a t i o n a l  k s t r u -  

P t h i n  coat  o f  n a t u r a l  uraniufi oxide on ii n i c k e l  f o i l  
i s  used t o  check the  c e l i b r a t i b u  of the in s t ru9en t  and t h i s  stand-ard 
f o i l  may be attached t o  t h e  upper surface of t he  instrument  or s tored  
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i n  t h e  c a r r y i n g  case when not  in use.  

Raymeter #2 is the  t h i r d  one of these  small  instruments 
and uses  almost t h e  same c i r c u i t  a s  Baymeter #Q. This  instrument 
is  meant f o r  fixed s e r v i c e  on a 2esk o r  o t h e r  p l ace  where r a d i a t i o n  
i s  t o  be  monitored. The meter is readable from 6.05 rnr/hs t o  12.5 - \  

rnr/hr. A pa i r  of l eads  m y  be  provided t o  r i n g  an alarm b e l l  at any 
desired l e v e l  m d  remote record ing  o f  t h e  r a d i a t i o n  l e v e l  on a 
Brown recorder can be provided, . 

The instrument i s  contained i n  a s i x  inch  c u b i c a l  box 
w i t h  a PO00 cm3 cylindrical chamber on top. 
continuous opera t ion  are contained i n  t h e  box, The c i r c u i t  i s  shown 
i n  Figure IV-5. 

Ba . t te r ies  f o r  4-6 months 

Raymeter # Z  is a hand survey  meter similar t o  the fami l ia r  
?Tcut ie -p ie '?  except  t h a t  it is  mailer, l i g h t c r  and more rugged. It 
i s  provided w i t h  only  a single sca l e  t o  reduce the l i k e l i h o o d  of 
m&ing an e r r o r  while us ing  it. 
a l i r t e a r  s c a l e ,  

'The u c u a l  s c a l e  i s  0-100 mr/hr w i th  

f-r*>. l,.te init smPewkl3t reseclbles 2 f l a r e  p i s t o l  with a cylindri- 
c a l  body about 2!,f7 i n  d i a x e t e r  and 7" long  wi th  t h e  meter face on 
t h e  rear  end. A 
v e r y  t h i n  wincow is  p rov ided  t o  al lcw s o f t  P-rays and alpha 
p a r t i c l e s  t o  be measured. 
covered by O'REX Drawings D-4354, E-4355, n-4356, c-44CC and Phys ics  
l e t t e r  45-7-1.. It i s  expected t h a t  a number of units of  t h i s  
k i n d  xi11 be made f o r  t e s t i n @  ani? f o r  s e rv i ce  samples. 

The wcQ;ht of t h e  complete u n i t  i s  zbout 530 g. 

The c!cnstruction of  Raymeter #E is 

i'Acchac.isms of Geiger Counter DischarEe - (Iielles Se l l ,  Jordan) .  
' \ l a r i a t i o n s  in t h o  c u r r e n t  in a Geiger tube  c i r c u i t  du r ing  and a f t e r  
- 
a discharge have been ' s tud ied  i n  an e f f o r t  t o  l e a r n  more about 
the Inechenism of  dischrrgge. tJZ~eveforns ob tz ined  indicate t h a t  
e l e c t r o n  c o l l e c t  ion p b y s  en apprec iab le  p e r t  when the  counter 
vo l t age  i s  w e l l  2bove thrcssimld. 

Discharge of  a counter r ep resen t s  an energy loss. The 

- Z€- - 



h 
energy may be supplied by a voltage change across t h e  c i r c u i t  
capac i ty  if t h e  charging time constant  RC is very  long compared 
t o  t h e  time of discharge,  o r  d i r e c t l y  from t h e  charging source  
if the t ime cons t an t  i s  shor t .  I n  the f i r s t  
case, t h e  v o l t a g e  v a r i a t i o n  across  t h e  coun te r  is a measur9 of 

See F i a t r e  IV-6.  

integrated energy loss  (AT = -1 E and i n  t h e  second case t h e  
CVT 

series c u r r e n t  i s  2 measure of the icstantaneous ra te  of energy 

the 

1 de 
VT d t  

l o s s  ( i  = -- -). Each of  t he  charged. particles r e s u l t i n g  from 

a d i scha rge  r ece ives  an amQunt, of energy depending on the  f i e l d  
through which it must fall. 
vo l t age  chane;c e-cross a counter  have assumed t h a t  p r a c t i c s l l y  all 
of  t h e  electrons formed d u r i n g  c? discharge  a r e  formed wi th in  a 
few mean f ree  pa ths  o f  t h e  c e n t r a l  wire and t h e r e f o r e  r e c e i v e  a 

negligible p o r t i o n  i>f t h e  totccll energy, 
a l l  of  t h e  ions  a r e  formed a t  t h e  ano.3,; 2nd t h a t  t he re fo re  t h e  
positive i ons  r ece ive  all d t h e  energy i n  a d ischasge  the  following 
e quat Pon s*h63 d: 

Previously der ived  equatkns for t h e  

khen it i s  assumed t h a t  

d t  2t, I n  b 

- t l '  1 
+ Ir! 

t-t,+to 
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Where E - - 
o =  
t s= 

t h e  mercy change due t o  a discharee in j o u l e s  
t h e  t o t a l  charge produced i n  coulombs 
time f o r  dischzrge t o  t r a v e l  t h e  l e n g t h  o f  t h e  t u b e  

b 

K - =  
P 
b =  

- a -  

When a long  

a2 I n  3 time requi red  f o r  ion shea th  t o  rove f ron  
t o  i t s  a c t u a l  p o s i t i o n  a t  2 K VT 

ion mobil-ity ir, cm2/volt sec ,  

radius o f  cathode i n  em. 

ra&.ius o f  ?mode in cm, 

t ime constant  charging arrangement i s  used: 

Q 
nv= -; . i ( t+t*)  

e 

8 

tats 

T h i s  l c i s t  furiction i s  p l o t t e d  i n  F'igure IV-7 i'ar s e v e r a l  va lues  of 

to. Any e lec t r+on contribution t o  t h e  c u r r e n t  w i l l  be i n  t h e  form 
o €  2 syunre pu l se  l a s t i y  on ly  during, t h e  w t u a l  discharge s i n c e  
e l ec tyon  r q b i l i t y  i s  SQ hic,h t h a t  tile t r a n s i t  t h e  of  m e l e c t r o n  
i s  almost negligible. 
were taken vcith the mwu-q;ernent shown iin Figurst IV-8 and were 
compared wi th  theo ry .  
c o n t r i b u t i o n  for a l l  values CB' VT pester than  threshold, i n c r e a s i n g  

Fhotogrzphs of i n d i v i d u d  c u r r e n t  p u l s e s  

I t  wzs found t h a t  t h c r e  V J ~ S  an  e l e c t r o n  



- 
with t h e  amount of overvoltage,  Considerat ion o f  t h i s  elec+,ron 
c o n t r i b u t i o n  l e d  t o  the  following q u a l i t a t i v e ’ p i c t u r e  o f  a d i s -  
charge, Most of t h e  s t o r y  i s  w e l l  knnwn and is  included only 
for c o n t i n u i t y .  A counter containing some p o l p a t o n i c  vapor  
(i, e, a self quenching counter)  i s  assumed, An i o n i z i n g  p a r t i c l e  

makes a t  l e a s t  one i o n  p a i r  i n  t h e  previously ion f ree  i n t e r i o r  
of the counter. The e lec t rons  formed f a l l  toward the  anode, ga in-  
ing  energy from t h e  f i e l d  and l o s i n g  i t  i n  inelastic collisions. 
In the  weak f i e l d  e x i s t i n k  everawhere except  vcry c lose  t o  the  
center wire t h e  e l e c t r o n s  do not gain c n o u ~ h  energy between 
collisions t o  produce ion iza t ion .  A f i e l d  of t h e  order  of 510 
kilovolts p e r  em, is required, i t s  value v a r y i n g  widely wi th  t h e  

mixture  and pressure i n  t h e  counter .  Ionization occurs  a t  a 
counter voltage which w i l l  produce an averag,e field wi th in  one 
mean f r e e  p a t h  from the  cen te r  wire g r e a t  mough t o  Give an 
e l e c t r o n  sufficient energy between collisions t o  produce i o n i z a t i o n .  
Greater  v d u e s  o f  coun te r  vo l t age  cause the  e l ec t rons  formed i n  
t h i s  secondery i o n i z a t i o n  t o  produce more ions ?rid result i n  the 
formation of an e l e c t r o n  a v a l m c h e ,  Such va lues  of counter vo l tage  
ere s z i d  t o  l i e  i n  t he  p r o p o r t i o n a l  region. Ir, t h i s  region t h e  d i s -  
charee s p m d s  only etoi i t  one m. a lone  the  a x i s  of  the  wire, Light 
q u m t a  ere  Frod.trced LS 3. r e s u l t  of t h e  collisions and, as the  counter  
v o l t a p e  i s  i rm*eeeed towIvd t h e  Geiger th re sho ld ,  t he  number of  these 
quanta t h a t  a re  s-uffikiiently energetic t o  CEUSS ionization i n c r e a s e s ,  
They i n i t i a t e  o t h e r  avzlmches which produce more quants. The 
process  is l i m i t e d ,  however, by -the p o s i z i v e  i o n  spcce chergc which 
b u i l d s  up i n  the rekjion c lose  t o  t h e  wire,  Tie photons respons ib le  
f o r  ionization arc; absorbed vcry  r e a d i l y  by the  po2.yatomic vapor,  
and below t h e  CeiGer threshold the F r o h b i l i t y  i s  s i g n i f i c a n t l y  less  
than u n i t y  th2t 2. photon w i l l  escape from the region ir, which t h e  
f i e l d  is depressed t y  sp?ac; ci?zs.ge far enough t o  propag:ste thedis-  
ci-iarGe. 
c a l l y  t i l l  dischargzs s p r c d  to t h e  ends of t h 9  tube. 
v e l o c i t y  v a r i t s  w i t h  the overvol tage but i s  of  t h e  orc?er o f  20 
cm/p s w ,  whi le  the  clcctror is  produced reach the  wire  wi th in  
0.05 p sec, most of  them a r r i v i n g  soonm. 
t h e  spread, ionization i s  tzking p l a c e  w i t h i n  two r eg ions  about a 
centimeter long s p e e d  e q u a l  distances on e i t h e r  s i d e  of t he  

A t  threshold t h i s  p r o b ? ? t d l i t y  i s  g r e a t  enough t h a t  p r a c t i -  
The spread 

At m y  i n s t a n t  dur ing  



o r i g i n a l  8 v a l  anshe. 

During the  time t h z t  i o n i z a t i o n  is  t a k i n g  p lace  in  m y  

re&n along t h e  wire,  t h e  p o s i t i v e  ions l e f t  behind by the fzst 
moving e l e c t r o n s  remain p r a c t i c a l l y  s t a t i o n a r y . .  The i r  presence 
decreases t h e  f ree  charge or! the  w i r e ,  t h e  f i e l d  a t  r = a ,  and 
t h e  gradient of t h e  field i n  t h e  region. Consider two regions 
c o n s i s t i n g  of t h i n  concen t r i c  r ings  o f  equal t h i ckness  a t  d i f f e r e n t  
d i s t a n c e s  from t h e  c e n t e r  wire; un le s s  t h e  f i e l d  is  g r e a t e r  i n  t h e  
o u t e r  r i n g ,  fewer i ons  w i l l  b e  formed i n  it than In t h e  inne r  one, 
s i n c e  all e l e c t r o n s  fomed i n  the o u t e r  r i n g  must f a l l  through t h e  
inne r  one and can produce i o n i z a t i o n  there. 

* o f  ions  in t h e  inner  r ing  decreases  t h e  f i e l d  i n  it and inc reases  
t h e  f i e l d  i n  t h e  o u t e r  r ing.  For t h i s  reason, and s i n c e  a t  t he  s ter t  
o f  t h e  process  the f i e l d  decreases  with inc rees ing  r, t h e  f i e l d  t ends  
t o  a d j u s t  i t s e l f  k i n  such a m y  t h z t  t h e  s m e  number of  ions is  formed 
in each e lenent  of' radius. 
t h e  f i e b d  a t  any po in t  a lo r~g  t h e  wire just a f t e r  discharge would hzve 
a cons tan t  v a l u e  out  t o  2 c r i t i c 8 1  r a d i u s  beycmd which there would 
be no space charge and the  f i e l d  would f.11 o f f  i nve r se ly  as t h e  

A n  increase i n  t h e  number 

I f  t h e r e  were s u f f i c i e n t  photons available 

r s d i u s .  
t h e  fol.lowing ea-taat i o n s  e.pply: 

Consideric:S 8 i n i f ' o rm f i e l d  i n  a region j u s t  e f t e r  discharge, 

where Bk = tine unifcrm f i e l d  i n  volts/cm. 
d 
L 

=f ra3ius cf  the uniform regiori i n  ern. 
= lerigth o f  countw i n  cm. 



- 
How n e a r l y  t h i s  cond i t ion  of cons t an t  f i e l d  i s  2-chieved i n  a 
d i scha rge  depsn6.s upor, the  d i s t a n c e  outwm3 t h e  h igh  energy 
photons can r each  Xeasurement of‘ w i t h  an ove rvo l t age  
of  about 150 v o l t s  gives  2 value for d of  about 0-3  b and 
a.3 e l e c t r o n  c o n t r i b u t i o n  t o  t h e  t o t e l  energy of  60%. 
o f  t h e s e  values are t o o  l ~ t r g e ,  i n d i c z t i n g  t h a t  t h e  
no t  Mng t h e  f i e l d  down a t  FXL poin t8  t o  t he  va lue  a$ vM.eh 
m u l t i p l i c a t i o n  can j x s t  take place,  

Both 
photons do 

The cqua t i cns  de r ived  f o r  t h e  ion cu r ren t  on the 
assumption t h a t  all of t h e  p o s i t i v e  ione o r i g i n a t e  ?.t a cons t an t  
rz i i ius  a l s o  assw\e  t h a t  t h e  ions  move out  i n  a t h i n  sheath.  I t  
WES wcnderc;d how i n a c c u r s t e  t h e s e  equsltions would be ir, m 
actual discharge, i n  which t h e  o r i g i n a l  s h e a t h  i s  q u i t e  t h i c k  
End spreads  as it  travels outward, The equa t ions  a r e  t he  resu l t  
o f  i n t e g r a t i o n  of  equat ibns  f o r  elementzl l eng ths  o f  t h e  tube,  
Undeic aha: assumptions just’mefit ioned, , 

Qdl  1 - d i  = ”--- b *  
II? ; t+t, 

. 

To compare t h i s  t h e o r e t i c a l  el.ernent, w i th  t h a t  a c t u a l l y  ob ta ined  

t h e  photot;raph of  a c u r r m t  pu l se  produced i n  a dischar6,e i n  which 
t h e  ion iz i r ic  p i i r t i c l e  t r a v e l e d  t h e  l e n g t h  of t h e  tube  was used,  
(Figure 13-92). 
t h a t  prodvced by an elernent of  l e n g t h  i n a  o r d i n a r y  discthmge, 
A s  may be  seen i n  Figure- IV-Sb, i t  f i t s  c? curve o f  t he  form 

TLLe shape of  such R pu l se  should be  t he  s t m e  as 

E= - q u i t e  wel l .  For t h i s  reason i t  was f e l t  t h a t  t h e  assump- 
t+to 

t i o n s  l e d  t o  an i n t e g r a t e d  curve cliffeying very l i t t l e  from 
a c t u a l i t y .  

The corxte .nt  to i s  i n t e r p r e t e d  2s t h t  f o r  the mem 
radius of  o r i g i n  of t n e  ions. 
equatiion for i t o  F h o t o p p p h s  of  t h e  c y r e n t  pulses .  
F igure  IV-7 chows t h t  for t, >, Zt,, I n  ----AL-- 

It may be  o b t a i r e d  by f i t t i n g  t h e  
A ztudy of  

tt-t 
is p r a c t i c z l l y  

t-t stto 

-43- 



FIG. X - S b  
A TRACING FROM FIG. = - S a  8 CALCULATED POINTS 
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independent 
mu1 t i p l  i e r. 

- 
of  t, when t > Z t,, and i depends OR and the  cons t an t  

A va lue  of  

b 2 t ,  In - 
a 

may be ob ta ined  i n  t h i s  rnanncr, o r  Q and t, may be measured d i r e c t l y .  
Then to nay be determined by selecting a v a l u e  which produces a f i t  
a t  a p o i n t  c l o s e r  t o  t = t,, 
t he  o rde r  o f  1.5 x seconds were obtaineci, t h e  value incressine;  
with t h e  overvoltage. I f  it were assumed t h a t  2.11 t h e  ions o r ig in -  

Using t h i s  method values  of  to of  

a t e  a t  t h e  w i r e . ,  to would be about lo-@ seconds. 

The photograph o f  c u r r e n t  p u l s e s  shown i n  Figure 'IV-loa 
is unususl in t h a t  8 pu l se  from an i n i t i a l  avalanche very near  
t h e  mirid1.e of t he  tube  i s  fo l lowed  by one from an avalanche near  
t h e  e n d &  the tube. 
f i r s t  and h a l f  B S  high 2% the time o f  t h e  end of  t h e  f i r s t .  
Figure HV-1Gb shows t h e  r e s u l t  of  f i t t i n g  ion  cu r ren t  equations t o  
t h e  t a i l  o f  t h e  f i r s t  pulse. 
d i f f e r e n c e  between t h e  c d c u l a t e d  i o z  c u r r e n t  and t h e  observed 
pulse .  I'r, Figure XV-ice t h e  v a l u e  of  t ne  cons t an t  

The seeorid pulse i s  twice as long as t h e  

The electron c u r r m t  p u l s e  i s  t h e  

i n  t h e  equat ion  was halvbd, t h e  v d u e  of t, doubled and t h e  va lue  
o f  to unchanged. The resu1i;in.g equat ion  is  seen t o  €it t h e  curve 
q u i t e  well. 
e l e c t r o n  c u r r e n t  due t o  t h e  f a c t  t h n t  the  d i scha re2  d i d  no t  s t a r t  
a t  t he  end of t he  tube.  

There i s  a hump a t  t h e  beginning of t h e  pu l se  of 

In F'igure 11-11 t he  change i n  p u l s e  shape with increasing 
overvoltc%;e i s  shown. Both t h e  inc rease  i n  e l e c t r o n  cu r ren t  and 
i n  to w e  appsrent  on i n s p e c t i m .  

- 45- 
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FIG. IE- IOb . 

CURVE A IS  A TRACING OF THE SHORTER PULSE SHOWN IN 
FIG. Z -100 .  CURVE 8 IS THE CALCULATED ION CURRENT FROM 

’ 

B AND I S  THE CURRENT DUE TO ELECTRONS 
EQUATION 4 FOR A VALUE OF t,=0.15 SEC. CURVE C IS THE 

DIFFERENCE BETWEEN A 
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FIG. I X - I O C  

CURVE A IS A TRACING OF THE LONGER PULSE IN 
FIG. m-100. B 8 C HAVE SAME MEANING AS PREVIOUS FIG. 
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SECTION V - LVCLII1AR S'I'ATES .AND IIADLATIONS 

S. DeEenedetti, Sect  ion Chief 

Preliminary Stud ies  on Cap tu re  y-rajs wi th  Scintillation Counters- 
(S. DeBenedetti acd 2. %odc;'ers), The nev; t ec fb ique  of scintilla- 
t i o n  counters was Etpplied t o  the o l d  problem of capture  y-rals, 
For this purpose (Fi6;urc V -1) 
f r o n t  o f  a ho le  o f  t h e  Ciak Ridge p i l e  and the diffracted, thermal 
neut rons  were d i r e c t e d  toward t h e  sample s tud ied .  'The diffracted 
beam was c m a l i z e d  through E c h a n n d  of  square c r o s s - s e c t i o n  
{S/@"x,7/6") i n  a heavy s h i e l d  which absorbed most of t h e  o t h e r  
r a d i a t i o n s  6rnerk;irq; from t h e  holg in t h e  p i l e  sh i e ld .  
o f  the cc l l ima t inG ckienrrel were k e a v i l j  borated p l a s t i c .  

--"..----.--- --..-..L-- -. 

a D i & l  c r l s t a l  was l oca t ed  i n  

The walls 

The samples (2.5x2.5 cn1) were l o c a t e d  i n  t h e  beam i n  a 
posi t i ion where t h i s  hail a width (cnmputed from the  Geometry of t h e  
collimator) of  * 2x2crn. A t  a d i s t a n c e  o f  * 3 c r  from tne c e n t e r  
of the beam, an an th racme  c q s t a l  W ~ E  p laced ,  The s c i n t i l l a t i o n  
pulses were revealed with a photomult ipl ie i - ,  nmplif i e d  and counted 
i n  a convcntioczl wsy. Semple and anthracene were inclosed in a 
second heavy s r i ic ld  of l c a d  and cadmium t o  protect the  anthracene 
from tht:  ra:;ia.tion from thc o t h e r  holer  of t h e  p i l e .  This s h i e l d  
had an operiili& throu6,k- v;hich t h e  Lem could  emerge. 

T m  background of the; jnstrvmt-,nt c o n s i s t e d  of photo- 
multiplier noise, and radiatim background*. The photomultiplier 
noise was measured wi th  the pile o f f  and, f o r  t y p i c a l  amplifier 
s e t t i n c ,  was found t o  be - 2C c/m; t h e  r a d i a t i o n  background con- 
t r i b u t e d  % ZUG c/m a t  t h e  smt" s e t t i n g  and seemed t u  b e  due m o s t l y  
t o  radiation frorr? o t h c r  ho lc s  of' the p i l e .  

!!.lien samplcs o f  I a r ~ f :  cqpture c ross  sec t ion  (like Cd) 
were placed i n  t h e  bcm, t h e  countine r a t e  ( a t  t he  sane ampli i ' ier  
s e t t i n e ; )  was ?I &3dN c/m, If t h e  d i f f r a c t e d  neu t ron  beam was re- 
moved only  the  backtrounci counts: xere recorded,  
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In o r d e r  t o  s tudy  t h e  energy of t h e  cap tu re  y r a p ,  t h e  

d i s t r i b u t i o n  i n  he igh t  of t he  pulses was measured by varying tine 
p u l s e  he igh t  se l -ec tos  setting of the amplifier,, For comparison, 
s i m i l a r  pu l se  height d i s t r i b u t i o n  curves  were recorded u s i n g  
c a l i b r a t e d  r a d i o a c t i v e  sources e m i t t i n g  y r a y s  o f  knawn energy. 
These sources  were  l o c a t e d  in t h e  same p o s i t i o n  a s  t h e  capturing 
samples; howcver, because of  t h e i r  d i f f e r e n t  shape t h e  geometr) was 

no t  q u i t e  t h e  sane, 

'The r e s u l t s  a re  p l o t t e d  i n  E'ii;ure V - 2 .  I n  this f igure  
t h e  absc issze  arc tne  s e t t i n g s  of t h e  pulse he igh t  s e l e c t o r ,  and 
t h e  o r d i n e t e s  tk:e counts  recorded, d i v i d e d  by tne  cumber of  neu t rons  
captured ( f o r  t h e  cap tu re  'y r a i  c u r v c s )  o r  b y  the number of y 
rays emi t t ed  ( f o r  t he  ca1ibrat i :on curves) .  Radioact ive sources  o f  
A d g 8 ,  Coco, Zrg5, and Da2* were w e d  i n  the c a l i b r a t i o n ,  
Eaz4 i s  known t o  g ive  o f f  the two y r a y s  of energies f,38 arid 2.76 
IAev i n  equal  numbers, it was poss ib l e ,  by zssrniing t h e  1.38 Mev 
component t o  behave as the  1.3 idev 
c o n t r i b u t i o n  or' t h e  2.7E !dev component. 

Since 

ray of C&', t o  compute t h e  

It will b e  not;>d t h a t  t h e  p o i n t s  ob ta ined  wi th  B as cap- 
t u r i n g  samFle f a l l  almost on t h e  cvrve f o r  r a d i o a c t i v e  gold. Th i s  i s  
t o  be expected s i n c e  ?3 is supposed t o  exi t  G.42 Mev 7 rays a f t e r  
neutron capture .  Three of t h e  reac?ine,s wi th  B as sample were repeated 

w i t h  1.5 nun of A 1  as a b s o r b e r  be-tweer? t h e  sample and the  c rys t a l .  
This was done to eliminate t h e  p o z s i b n l i t y  t h a t  the counts  from B 
might be due t o  conversion e l e c t r o n s ,  'The c l o s e  agreement of 
correspondin& p o i n t s  w i th  A u  and B i n d i c a t e s  t h e  eEission of approx- 
imately one 7 ray f o r  each  neut ron  captured  by t h e  B, 

VLith the  e x c e p t i o n  of 3, a l l  samples used f o r  cap tu re  
indicated t h e  ei-r?ission of r a t h e r  hard y r a y  components. Unfortunate- 
l y  t h e  p o r t i o n s  of thF; C U I ~ V F ~ . ~  a t  l a r g e  pu l se  kzeit-ht s e t t i n g s  are 
no t  v e r y  6;ooci s t a t i s t i c a l l y ,  an6 t h i s  is the r eg ion  which p robab ly  
gives  t h e  bes t  i n d i c a t i o n  of  t he  hard 'y ray energies, imre work 
is needed be fu re  much can b e  said about t h e s e  ene rg ie s ,  
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I 
The s t r i k i n g  f e a t u r e  o f  t hese  cu rves  i s  t h e i r  p a r a l l e l  

shape arid t h e  apparent  s c a r c i t y  o f  s o f t  components, 

Search f o r  Short-Lived Isomers - (5. DeBenedetti,  J. E. Francis, 
F. K. Mckwan and I-l. Schweinler) .  
e f for t s  o f  t h e  group have been concent ra ted  on a t tempt ing  t o  
develop an i*r,strunent capab1.e o f  measuring time i n t e r v a l s  of t h e  
o r d e r  
not  yet been zuccess fc l ,  

h r i n g  t h e  l a s t  q u a r t e r  t h e  

see. &e hzve t o  r e p o r t ,  however, t h a t  our  e f f o r t s  have 

A number cf c i r c u i t s  were b u i l t  and t e s t e d ,  same fo l lowing  - 
t h e  p r i n c i p l e  of self-delayeci co inc idences ,  o t h e r s  u s i n g  t h e  s t r a i g h t  
delayed co inc idence  te thnique.  I n  8-11 t h e s e  c i r c u i t s  t h e  multipliers 
were used a t  h igh  vol tage (1500 t o  2000: V) wi th  t h e  purpose of  
reducing  t h e  r equ i r ed  m p l i f i e r  ga in  t o  a minimum and the reby  
minimizing t h e  d i f f i c u l t i e s  i n  e l e c t r o n i c  des ign ,  

The pu l se  f ron  t h e  1p31 m u l t i p l i e r s  w s s  s t u d i e d  wi th  
t h e  fas t  o s c i l l o s c o p e  us ing  a video a m p l i f i e r  o f  .025 p sec ,  r i s e  
time, It  W E S  found t h a t  t h e  apparent  width o f  t h e  pu l se  is - 0.05 p sec; though F s r t  o f  t h i s  wid th  i s  due t o  t h e  t ime cons t an t  
o f  t h e  a m p l i f i - z r  and i o  d i s t o r t i o n s  caused b p  t he  d e l a y  l i n e  w e d  
i n  the  experiment,  it was apparent  t h a t  t h e  s c t u a l  d u r a t i o n  o f  t h e  
p u l s e s  c o n t r i b u t e d  t c  the observed width, 
d u r a t i o n  of t h e  pulse  i s  considerabl-y smaller than one-tenth micro- 
second, and could  Le as &or t  a s  a few hundredths of a microsecond. 

Me concluded t h a t  t h e  

It should be p o s s i b l t ? ,  ir. p r i n c i p l e ,  t o  use these  pulses  
d i r e c t l y  on a se l f -defayed  co inc idence  c i r c u i t .  
t r i e d ,  b u t  it f a i l e d  for t h e  fol lowing reasons:J 
d i r e c t l y  from the  mult i p l i e r  h igh  enough pulses  t o  ope ra t e  t h e  coin-  
cidence c i r c u i t ,  one w2.s obliged t o  use  such h igh  voltege t h a t  t h e  
b a c k p o u n d  was vcry large; s i n c e  t h e  p u l s e s  have a wide d i s t r i b u t i o n  
i n  h e i g h t ,  t h e  r e so lv in& L i m  was a o t  cons t an t ;  some d i f f i c u l t i e s  
were 5xpePienccd which were a t t r i b u t e d  t o  a t t e n u a t i o n  o f  t h e  pu l se  
i n  d e l a y  l i n e .  

The scheme was 
i n  o r d e r  t o  o b t a i n  

Ne thought  t h a t  t h e s e  d i f f i c u l t i e s  could b e  overcome b y  
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using two photomultipliers at lower voltas_,e, some stzges of 
amplification, end pulse forming tubes  t o  produce sho r t  equal ized 
pulses; t o  be Eed to a delayed coincidence c i r c u i t ,  Instruments 
Norking on t h i s  p r i n c i p l e  were built, In these instruments t h e  
de lay  l i n e  W ~ S  i n s e r t e d  i n  t h e  amplifier before  t h e  pu l se  forming 
tube  i n  o r d e r  t o  overcome the  possible z t t e n u a t i c n  o f  t h e  pulse .  
It wzs found t h a t  i n  o rde r  t o  o b t a i n  prompt and equal ized  p u l s e s  
from the p u l s e  forming tubes t hey  had to be s t a r t e d  with l a r g e  
signals. The large s igna ls  were produced with non-linear a p l i f i e r  
designed t o  give t h e  f a s t e s t  r a i se  of  voltage a t  the output  i n  
v o l t s  pe r  ,u sec ,  b u t  *a- p u l s e  of  r e l a t i v e l y  long duration, 
W.th t h i s  amplifier most of  the  pulses w e r e  l a r g e  enough t o  s t rong ly  
saturate  the  output  in a very  s h o r t  time; a few o f  t h e  pulses, how- 
ever ,  were small enough not to produce saturation and t h e i r  
maximum d i d  not  occur promptly, i n t r o d u c i n g  f a l s e  delayed coincidences. 

he a l s o  t r i e d  a coincidence scheme far the  e l imina t ion  
of  noiee,  FOUT photomultipliers were used, each p8i1?cf them being 
connected in coincidence and exposed to the nd+j..ation o f  m 
anthracene de tec to r .  The c o i r d d e n c e  cixlcui t  used f o r  this purpose 
cons.istcd of  two 1134 c r y s t n l  rcctificrs d i r e c t l y  a t t ached  to t h e  
photomultipli CI’S pf-aic,  ‘ ihis  s i n &  c i r c u i t  p e r n i t s  the  use of 
t h e  photomt;.lt lpliers a t  high v o l t z g e  v i r t u a l l y  eliminating the 
noise .  How~ver ,  when two such c i r c u i t s  were fed t o  ampl i f i e r s ,  
pulsc  forming t u b e s  and chlayed coincidence circuit (similar t o  the 
one descr ibedj ’  i t  was found that the improvement was not y e t  
s u f f i c i e n t . ,  

Some of our circuits were p a r t i a l l y  successful since we 
could e l i m i n a t e  95% of  the immediate coincidences w i t h  delays of 
0.04 p sec, The remaining 5$, however, were distributed over  
delays up t o  0.4 p sec and made t h e  instrument worthless  f o r  o u r  
purpose.  

. 
I n  the immediste fu tu re  we p l a n ,  t oge the r  with P. R, Bell, 

t o  a t t a c k  t h e  problern by us ing  two coincidence circuits of the  k i n d  
described f o r  t he  suppression qf noise ,  and two f z s t  vid&o amplifiers, 
It is hoped t h a t  t h i s  arrangement w i l l  prove more successful than 
the  oneS t r i e d  thus  far .  
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c, 
The, Rad ia t ions  from 24-1 h r  y11872- (Faul Vi. Levy) 
a s c e r t a i n  t h e  energy and i n t e n s i t y  of  all o f  the r a d i a t i o m  fror; 
24.1 hr has continued. An endeavor t o  improve t h e  photo-electron 
t echnique  by  u t i l i z i n g  coincidence counters ,  as described in the  l a s t  
Q u a r t e r l y  Report ,  and reducing  the source  dimensions t o  reduce t h e  
half  w i d t h  of t h e  photo-e lec t ron  l i n e s  met v i th  sorne,bUt not  completa, 
success. A pronounced reductbn in t h e  coun te r  background was obtain-  
ed but  t h e r e  wcs no apprec iab le  reduct ion  in t he  h a l f  width o f  t h e  
photo-e lec t ron  l i n e ,  no? in  t h e  photo-electron t o  Cornpton e l e c t r o n  
r a t i o .  It may be t h a t  the size o f  t h e  r a d i a t o r  f o i l  wss reduced too  
s e v e r e l y  and an optimum s i z e  f o i l  could b e  determined by a more care-  
ful .  s tudy,  Also, t h e  absorp t ion  i n  t h e  wall of t h e  a d d i t i o n a l  c o u n t e r  
m a t e r i a l l y  reduced t h e  t o t a l  count ing  mtes i n  the l o w  energy region, 
It appears ,  a t  t he  nioment, t h a t  w h i l e  no ou t s t and ing  improvement i n  
t h e  a b i l i t y  t o  d e t e c t  low energy photoe lec t rons  ( thoee 2OC Kev) 
was obta ined ,  a cons iderable  inzprove r e n t  was accomplished i n  t h e  
region above 40G Kev. 

The a t tempt  to 

‘The cont inuous bete-rzy spectr41~m w s  determined ap,ain wi th  
a source * 10 mg,/cm2 while  i n  t he  previous  ruI: a source of  + 30 
rng/cm2 was vsed. k s e e n t i a l l y  the  s?nze resul ts  were obtained.  The 
rnaxlmumrnSrby c:f t h e  ilia e w r g y  s ~ e c t r u m  i s  1.Z2 &v, 
i n  i? s t r a i $ r t f o r w a d  rrImncr t o  separate t h e  spectrum obta ined  i n t o  
“allowed t-ypc” s p e c t r a  ( those  v i th  essentially s t r a i g h t  Kurie p l o t s )  
one o b t a i n s  a Yecond component w i th  maximurr. ener&y between .E14 
and .E32 bkv, t h e s e  l imits being the niaxiinuni and minimum values  per- 
mitted by various e x t r a p o l - a t i o n s  of  the  Kurie  p l o t .  I n  s d d i t i o n  one 
c m  o b t a i n  a low i n t e c s i t y  component o f  % .Z5 h k v .  
could b e  r e a l ,  it can come e n t i r e l y  from back s c a t t e r i n g  by t h e  t h i c k  
source ,  o r  i t  could be wttr ibutec!  t o  the 78 day neut ron  induced p e r i o d  
i n  Tunesten. This  l e t t e r  altsrnative w i l l  ’ce t e s t e d  as soon a s  t h e  
24.1 h r  zc t i i v i ty  has completely d i e d  away. Should t h i s  l a t t e r  
component e x i s t ,  a complete decay scheme cou ld  be obtained.  Approxj.- 
m t d y  255 of  thi.: b e t a - r a y  t r a n s i t i o n s  a r e  i n  the_ high eqergy s p e c t r w ,  
t h o  r e m i n i n g  75% of  t he  betas being in t he  low energy corponent, o r  
components, 

I f  one proceeds 

This  componsnt 

The conversion (‘electror, s t u d i e s  i n  t he  region from 1.2 t o  



r 
A18 Mev have been completed. 
been detected,  
conta-ined i n  T e b l e  I ) ,  
Phi3.e most o f  t hese  l i n e s  have been r e p o r t e d  p rev ious ly  a.s 
definitely existing, only inconclus ive  evidence f o r  t h e  existence 
o f  a gamma r a y  of  3 ' 67  Mev had been obtained.  
se rve  both photoe lec t rons  and conve'rsion e l ec t rons  from t h i s  e,mma 
ray, we f e e l  it. d e f i n i t e l y  e x i s t s .  

In a l l ,  13 conversion lines have 
(A~summery of t h e  conversion l i n c  r e s d t s  are 

These can be a t t r i b u t e d  t o  E g m a  rays, 

Since we now ob- 

TABLE I 

Coriversion Electrons and Gamma-rays in 24.1 h r  W187 

Gmma~pay Conversion Lines  E s t  h a t e d  In- Energy of Best value 
Observed tensity of Con- Conversion gama-ray 

vers ion  Lines Lines (?"lev) Energy 
(nm) 

Very s t rong  - .062 133 
St rone?, 121 
Wed i urn 130 

K 
L 1 

K 
3 L 

M 

4 K 

G K 
T.l 

Strong 
&e a k 
Fe i n  t 

132; 
4 191 

407 
465 

* 477 

fded ium 541 

heak 
Fa in t  

E09 
0 670 

- 204 

478 

615 

t E8C 

Very beak . C9E n 767 
'Very Fa in t  b 754 
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S c a t t e r i n g  o f  Po la r i zed  Gama-Rays i n  Magnetized I ron  - (Er i c  
RodGers) . 
an anomalous e f f e c t  in X-ray s c a t t e r i n g ,  X-rays from a 2CC K.V. 
machine were observed a f t e r  having been s c a t t e r e d  twice a t  9Co. 
F i r s t ,  t hey  were s c a t t e r e d  by czrbon, t h e  purpose being t o  p o l a r i z e  
t h e  rays. The p o l a r i z e d  rays were then s c a t t e r e d  by a s t r i p  of  
i r o n  which could be magnetized S y  a c u r r e n t  i n  a c o i l  through which 
t h e  i r o n  s t r i p  passed. 
then  observed i n  directions p a r a l l e l  and perpendicular  t o  t h e  d i r e c t -  
i on  of t h e  primary beam. A G A 4  coun te r  vms used t o  compare i n t e n s i t -  
iss of t h e  twice s c a t t e r e d  rays when t h e  i r o n  was magrzetized i n  
v a r i o u s  way$, w i t h  t h e  i n t e n s i t i e s  when t h e  i r o n  was unrnzgnetized. 
It was f0m.d t h a t  no change took m c e  i n  t h e  s c a t t e r e d  i n t e n s i t y  
when d i r e c t  c u r r e n t  was passed through the c o i l ,  
a change was observed when EO cyc le  z l t e r n a t i n g  c u r r e n t  was used. 
For a d i r e c t i o n  cf obse rva t ion  pe rpend icu la r  t o  t h e  primary beam, 
t h e  c u r r e n t  i n  t h e  c o i l  caused an i n c r e a s e  of  from 2% t o  3% i n  the 
s c a t t e r e d  i n t e n s i t y ,  I n  a d i r e c t i o n  p a r a l l e l  t o  t h e  primary beam, 
t h e  , i nc rezse  was very  much smaller, m o u n t i n g  t o  about 0.30% 

---.-.C-. I - r c  

Recent ly  t h e  w r i t e r  observed a t  the  U n i v e r s i t y  o f  Alabama 

The rays s c a t t e r e d  a t  90" by t h e  i ron  were 

On the o t h e r  hand 

I t  vjaz f'c1.t C7,esiriablc t o  repmt ;  these experiments b y  usinq 
gama-rays inz-:tecid of  b r a y s .  Tnere were severa l  reasons f o r  t h i s ,  
I n  t h e  f i rs t  ~:7:;c-~, no r e a l l y  sound t h e o r e t i c a l  explanation has been 
found to c=xplt.in the e f f e c t ,  aI-thoug,h it  can b e  p r e d i c t e d  on a sone- 
what a r t i f i c i a l  semi-classical b 3 s i s .  I n  t h e  second place, i t  was 
felt t h a t  t h e  changes cf' cxperirnciital error would be l e s s  with a 
s t e a d y  gamma ray s o u r m  than  w j t h  X-rays from a mstchine operating 

on the  same A-C l i n e  a s  t h e  counter c i r c u i t .  

I n  a t t e r n p t h g  t o  do t h e  experiments with gamma rays, g rea t  
Fven w i t h  t h e  s t rong  gamna r a y  source 

(about 3C c u r i e s  of  Aul'') t h e  i n t e n s i t y  a t  t h e  p e s i t i o n  of t h e  
d i f f i c u l t i e s  were encountered. 
used, 
f i r s t  s ca t e to re r  was snme hundr-?d t imes smaller than t h a t  cbtainable 
from the X-ray machine.. T h i s  d i f f i c u l t y  was p a r t l y  overcome by (1) 
us ing  t h i c k  s m ~ p l e s  as s c a t t e r e r s  and- s u b d 5 t u t i n g  duminwn f o r  carbon 
a s  t h e  f i r s t  s c a t t e r w ,  " ' (2)  
bem,  and ( 3 )  us ing  an anthracene s c i n t i l l a t i o n  counter  i n s t e a d  
of a GPi: counter ,  

u s ing  1a;r.ger c ros s  s e c t b n s  of the  
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Another d i f f i c u l t y  which was never overcome i n  a s a t i s -  

f a c t o r y  manner was due t o  the  e f f e c t  of t h e  a l t e r n a t i n g  magnetic 
f i e l d  on t h e  photomul t ip l ie r .  It was found t h a t  t he  f i e l d  re- 
duced t h e  number of  counts recorded* 
&for t  to:  cor rec t ,  thisi :  The mul.$+iplier~was' surrounded by W concerh9.c 
cylinders of s o f t  i r o n ,  wid a large shee t  o f  s o f t  i r o n  was 
p laced  between t h e  n?a&;net and the  m u l t i p l i e r .  Th i s  g r e a t l y  
reduced the  e f f e c t  and would have proved s a t i c f a c t o r y  i f  t h e  
e f f e c t  o f  t he  f i ' e ld  had remained consistent, In making t e s t s  
t o  detect  t h e  e f f e c t  of the  f i e l d ,  gamma rays from another  gold  
source were sca t t e red  twice by aluminum blocks and allowed t o  

s t r i k e  t h s  c r y s t a l .  The multiplier and magnet were l e f t  i n  t h e  
same p o s i t i o n  as when t h e  magnet i t s e l f  served as the  second 
s c a t t e r e r ,  Several t e s t s  showed a small but  d e f i n i t e  dec rease  
i n  count ing r a t e  when the  f i e l d  was t u rned  on while o the r  t e s t s  
showed 110 d e t e c t a b l e  change. I n  no in s t ance  was an increrse  ob- 
served, It must be  s a i d ,  however, 'that t h i s  e f f ec t  d.oes place a 
ques t ion  mark zf te r  t h e  r e s u l t s  ob ta ined .  

Several t h i n g s  were done i@ an 

In  s p i t e  of t h e  d i f f i c u l t i e s ,  Some iiata were obtained 
which l end  support; t o  t h e  r e s u l t s  obtained w i t h  X-rays. In  v iew 
of the  f a c t  t k w t  t h e  background count with the  a lumism s c a t t e r e r  
renoved wpLs x s u a l l y  abnut two-thirds t h e  m t e  wi th  t h e  s c a t t e r e r  
i n  p l ace ,  consideraDle time wqs r c q u i r s d  t o  [;et a s t a t i s t i c a l l y  
sound s e t  of' da ta ,  The procedure ~7as  t o  measure eaunts  of  one 
minute d u r a t i o n  w i t h  t h e  f i e l d  a l t e r n a t e l y  o f f  and on, The back- 
ground i s  detemiincd a t  t h e  b e g i n n h g  r-uad 5-t t he  end o f  each 
experiment. A l s o  a t  the end of tti-0 experiments a t e s t  was made 
by s u b s t i t i t i n g  aluminum f o r  t h e  i r o n  a$  the  second s c a t t e r e r .  
One of them showed 8 deerewe i n  cou.nting r a t e  but t h e  o the r  d i d  
not, No reason can be given f o r  t h i s  except  t h a t  i t  might possibly 
be due t o  t h e  f a c t  t h a t  t h e  p h o t o m u l t i F l i e r  had been removed between 
t h c  t w o  experiments, and posEib2y- W ~ S  i n  s l i g h t l y  d i f f e r e n t  pos i t io r , ,  
Another r a t m r  long t e s t  (experiment E i n  t h e  t a b l e )  f? . i led t o  show 
any s i g n i f i c a n t  chp.nS,e, Before the  i r o n  s h i e l d i n c  was p laced  
around t h e  pho tomul t ip l i e r ,  8 s  xuch E S  5$ decrease i n  counting 
r a t e  was observed. 
ing t h e  p h o t o m u l t i p l i e r  is given i n  t h e  fol lowing t s b l c .  

A scrrirn~ry or" the  r e s u l t s  ob ta ined  a f t e r  sh i e ld -  
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A s  w i l l  be no ted ,  some inconsistencies appear in the 
t a b l e ,  Experiment =j was done immediately a f t e r  experiment 2 and 
showed a d e f i n i t e  decrease when afurninun: was used as the  second 
sca t te re r ,  Experiment 5 WEIS done immediately a f t e r  experiment 
4 and showed no chanee a t  a l l .  Experiment E with aluminum used es 
t h e  second s c a t t e r e r  a l so  showed no chanGe, although cond i t ions  
were d i f f e r e n t  from those  i n  experiment 5. The r e s u l t  in exper i -  
ment 7 i s  a l s o  puzzl ing,  The current thsou&the  mzgnetizing coil 
was three Limes as g r e a t  during this experiment a s  during experi- 
ments 2, 3, 4 and 5 but  was the  same as in experiment 6 i n  which 
no change w ~ i s  observed with t h e  aluminum a s  t h e  second s c a t t e r e r .  
However, experiments E and 7 were rlone on di f fe ren t  days and t h e  
p h o t o m u l t i p l i e r  had been removed in the meantime due t o  e l e c t r o n i c  
t r o u b l e s .  Another t h i n g  which might be significant is t he  fact t h a t  
t h e  counting s a t e  s lowly decreased a l l  the  way through experiment 
7, being about '7% slower at the end than& tile beginning. This . 

t r o u b l e  was encountered,jn nost of  t h e  experiments. 
ments i n  which no chartbe occurred in countin& r a t e  were experiments  
4 and 5 .  

The only experi- 

It is  dif'ficult t o  draw m y  conclusion from t h e  resu l t s .  
About a l l  t k 1 . t  can be zaid i s  t h e t  du r ing  s t e a d y  opera t ion  o f  t he  
counting c i r c u i t s ,  there is an indication of an inc rease  when 
t h e  p o l a r i z e d  rays are s c a t t e r e d  by t h e  iron magnetized with alt-er- 
na t ing  c u r r e n t ,  u'iore work i s  neefied. E s p e c i a l l y  i s  it d e s i r a b l e  
t o  f i n d  a way t o  e l imina te  e l l  p o s s i b l e  e f f e c t s  o f  t h e  a l t e r n a t i n g  
rnaGnetic f i e l d  on the multiplier d i r e c t l y .  
adjustment should be rnac3e t o  i n s u r e  t h z t  t h e  count ing rate does 
no t  d r i f t  during an experiment. 

Also the  necessary 
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R. V, iLiCCord 

Lur ing  t h e  pest q u a r t c r  a considerzble mount  of t ime has 
been devoted t o  completion o f  a nupiber of nliscellaneous experiments  
of  i n t e r e s t  t o  t h e  h igh  f l u x  r e z c t o s  desiL,n, namely, t h e  e v a l u a t i o n  
o f  Cd and Th c o n t r o l  rods,  the  measurerent  of  neut ron  f l u x  between 
two ad jacen t  rods,  tne  measurerxnt of  garrma ray hea t  product ion 
a long  t h e  cdge of one of t n e  exper imenta l  ho le s  i n  t h e  r e f l e c t o r ,  
f a s t  ncutror,  (E' > 1 mev) f l u x  meas i~rmmtsF Find an experiment t o  
a s c e r t a i n  t he  f e a s i b i l i t y  of ob ta in inb  a hik ,n  thermal  f l u x  i n  i? 

Eerylfium block  p l a c e d  i n  the  core  of the  hikh flux r e a c t o r  i n  p lace  
o f  a fuel. assembly. 

1x2 t.,dc?ition, 3 Ctlapkite r e f l e c t e d  assembly has been b u i l t  
and var ious  s p c ~ t i a l  r ,eutron f l u x  d i s t r i b u t i o n s  i n  t h i s  reactor '  have 
been measurer!, 

I, E i a l  P;eutr x l .listributic)ns i n  t h e  5.95 jk& 8:lock-up of the  
E i s h  Flux  F i l e .  
neu t ron  f l u x  distributions i n  t h e  various exper imenta l  holes i n  
t h e  hiGh f l u x  p i l e ,  w e  show, i n  Fie,ures VII-1, VII-2 2nd VIf-3, 
composite curves, made up frorr. d a t a  F r e v i o u s l J  repor ted ,  which 
r e p r e s e n t  complete Indium f o i l  t r a v e r s e s  t a k e n  alonq. t he  2xes 
of  the l a rge  experimentd holes. Thesc d a t a  arc  repeated here 
because it  i s  bel ieved  t h a t  t he  composite representation o f f e r s  
a b e t t e r  perspec t ive  of t h e  s p a t i a l  variation o f  thermal and e p i -  
thermal  ( I n d i w  r e s o n w c e )  neut ron  f l u x  i n  t he  high f l u x  r e e c t o r  
than  has he re to fo re  b e m  presented,  

_- ----*rw*rrllrr-ur--.sriC*l-- "ly .. 

I n  o r d e r  t o  p r e s a t  a c l e a r e r  p i c t u r e  of t h e  
u -- 
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Dr 6080 - 
FIG. Vll-2 

4 K G  SLAB PILE (71 X 22.5 X 66 CM) 
7 SIX INCH HOLES IN REFLECTOR 
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FIG V l l - 3  
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Also, i n  Figure VII-4, we show t h e  thermal  and o p i t h e m a l  
neut ron  f l u x  measured (I) along the  a x i s  of  t h e  deep c e n t e r  hole ,  
and (2) a long  t h e  edge of the same hole.  

5 

11. Cont ro l  Rod Experinente .  A number of  experiments  have been 
c a r r i e d  o u t  t o  s tudy  t n e  e f f e c t i v e n e s s  o f  c o n t r o l  rods  o f  v a r i o u s  
s i z m  i n  t h e  4 i c e .  mock-up of the h igh  f l u x  r e a c t o r .  
ments a r e  performed i n  the  f o l h w i n g  way: 
t h e  "clean" c o r e  ( b e f o r e  t h e  c o n t r o l  rod is  inser ted)  i s  ad jus t ed  
u n t i l  t h e  assembly is  j u s t  c r i t i c a l .  The c o n t r o l  rod i s  i n s e r t e d  
and the amount o f  uniformly d i s t r i b u t e d  poison i n  t h e  core i s  reduced 
u n t i l  t h e  assembly is  ag;ain j u s t  c r i t i c a l .  
i n v o l v e s  no change i n  tne amou.it o r  concen t r a t ion  o f  f u e l  i n  t h e  I 8 

co re ,  t h e  percentage  chance i n  k, 
where 
s e c t i o n  of t h e  core a f t e r  the rod i s  i n s e r t e d ,  I n  experiments  which 
e n t a i l  t h e  renoval  of f u e l  and_ t he  i n s e r t i o n  o f  a c o n t r o l  rod ,  t h e  k 

of  t h e  c lean  core (kl) i s  c a l c u l a t e d ,  t h e  k of  t h e  a c t i v e  p o r t i o n  
of  t h e  core  a f t e r  i n s e r t i o n  of  t h e  rod (k2) i s  c a l c u l a t e d  and 
dk/k is  t h e n  given d i r e c t l y  

r*III(L - 
The e x p e r i -  

t h e  uniform poison i n  . 

lfihen t h e  experiment 

(-&/k), i s  given $ i m p l y  by AX/Z 
i s  %he chance i n  u n i f o m  poison  and is t h e  t o t a l  c ross -  

by '1 - k2,, 
k2 

Figure tiI-5 i s  rj h o r i z o n t a l  s e c t i o n  through the core 
of t h e  4 Kgrn, ~~ock -u .p  Be assembly, showing t h e  positions a t  which 
c o n t r o l  rods were i n s e r t e d  f o r  s tudy .  Our standarc! 3/4 inch square 
Cd c o n t r o l  r o d s  which are normally b c z t e d  a t  a and b were rep laced  
by f u e l  t ubes  f o r  t h e s e  s t u d i e s ,  $0 t h a t  t h e  ro2s t o  be  tes ted were 
i n s e r t e d  i n  c l e a n  fuel. 

The Cd. c o n t r o l  rods tes ted i n  t h e s e  experiments  were 
e s s e n t i a l 1 1  r e p l i c a s  of  those designed f o r  the h igh  f l u x  r e a c t o r  
i n s o f a r  as dimensions and conpos i t i ons  are  concerned. They were 
i n  t h e  form o f  hollow cylinders of square  c ros s - sec t ion  
f y: 17x 2 1  "x 2fj 11 ir, l e n g t h )  2nd were f i l l e d  w i t h  wa te r  t o  d u p l i c a t e  
t h e  cond i t ions  t h a t  w i l l  o b t a i n  i n  t he  case of  t h e  h igh  f lux  re- 
a c t o r .  

The Th rods  f o r  th2 high f l u x  r e a c t o r  m e  made up o f  

-* 
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I) 
severa l  p la tes ,  s tacked i n  a sandwich-like asseribly, w i t h  speces  
between p l a t e s  f o r  the  passage o f  cool ing  water. I n  o u r  experi-  
ments Fe was used i n s t e a d  of  Th f o r  mason8 of  a v a i l a b i l i t y  
snd  ease o f  f a b r i c a t i o n ,  t h e  amount o f  E'e being a d j u s t e d  t o  
g i v e  tho same t o t a l  thermal c r o s s - s e c t i o n  as t h a t  p rov ided  b y  
t h e  c u r r e n t  design of Th ro3. l'he t e s t  rod %hen consisted of' 
a rectanGular  sandwich of 3% and l u c i t e  p l a t e s  having  the  same 
dimensions a s  t h e  Cd rods dcscrib:d above. 

For use i R  t h e  high f l u x  r e a c t o r ,  i t  i s  planned t h a t  
t h e s e  rods  be  a t tached  a t  one end t o  f u e l  assemblies, so t h a t  
as a rorl is withdrawn f u e l  is i n s e r t e d  i n  i t s  place and v i c e  
v e r s a ,  Therefore ,  t he  neasu rmen t  o f  in terdst  is the e f f e c t  
o f  t h e  rod  vs. f u e l  i n  the  same pos i t i on .  The p e r c e n t a g e  
changes i n  r e a c t i v i t y  of' t h e  a c t i v e  p o r t i o n  of  t h e  core when 
these r o d s  were in se r t ed  i n  p l ace  o f  f u e l  a t  positions A and 
B of  E'ik;ure VII-5 were' as f o l 2 0 ~ ~ ~ :  

'Th Sod a t  A 

Tn Rods a t  A and E 

It  was a l e e  observed t h a t  t h e  r e a c t i v i t y  change due 
t o  t h e  removal of 12C &mns o f  X'uel fs-hrbes clr a YL! i n c h  by 
Zi inch section) f r o r  3 c e r t r a l  p o s i t i o n  such  as A mounted 
t o  eko11t 2::. 

At f i r s t  elancs,  a comparison of  t he  e f f e c t  o f  a 
sir@e rod a t  A wi th  the e f f e c t  of rocis a t  b o t h  A and B i n d i c a t e s  
t h a t  t ke  ef'fcxt of  a rod a t  13 ( a  p o s i t i o n  o f  r e l a t i v e l y  low 
s t a t i s t i c a l  w e i h k t )  i s  g r m t e r  than t h e  e f f e c t  of  t he  similar 
rod  at; A ( 2  posit io?*l of re3.at ively h igh  s t a t i s t i c a l  weight). 
I t  i s  ayJ2arent, however, t ha t  t h i s  anomaly comes about as a 
resu l t  of' the d r a s t i c  change i n  neutron f l u x  d i s t r i b u t i o n s  caused 



1' 
by t h e  i n t r o d u c t i o n  of  t h e  f i r s t  rod a t  A. The neut ron  f l u x  i s  
depreseed i n  t h i s  reg ion and t h e  s t a t i s t i c a l  weight d i s t r i b u t i o n  
i n  the c o r e  i s  s h i f t e d  i n  such a way t h a t  t h e  fiaximum i s  now in 
t h e  vicinity of position R. 
c o n t r o l  rod, in t roduced  a t  B, has a g r e a t e r  e f f e c t  on t h e  
a s y m - e t r i c a l  core  than  t h e  c o n t r o l  r o d  a t  A has on t h e  c l e a n  p i l e .  
Also, t h i s  ancrnsfy i s  pore pronounced in t h e  case o f  t h e  Cd rods  
than  i n  t h e  case of  t h e  Th rods,  2s ofie would expec t ,  since t h e  
depression i n  t h e  neutrar ,  d i s t r i b u t i o n  and t h e  asymnetry caused i n  
the s t a t  i s t i c a l  weight d i s t r i b u t i o n  a re  considerably e , r e a t e r  in t he  
case of Cd. 
small amount due t o  t h e  presexce of' t h e  l a r g e  experimental  ho le  
through the end r e f l e c t o r  on t h e  A end of t h e  r e a c t o r .  

Eence it is  t r u e  t h a t  t h e  second 

Also t h e  F t a t i s t i c a l  weight a t  A is reduced by a 

I n  o rde r  t o  determinc t h e  e f f e c t i v e n e s s  of con t ro l  r o d s  
as a f u n c t i o n  of  p o s i t i o n  in t h e  r e a c t o r ,  i? t r a v e r s e  was made along 
t h e  l i n e  i n d i c a t e d  by C-D i n  Figure VII-5 x j t h  one of ou r  standard 
2/4 inch  Equsre Cd r o d s ,  
(20 grams of  f u e l )  end i n  t h e  r e f l e c t o r  t n e  roc! r e p l a c e s  a 1 inch  
x 1 inch  x %E inch  column o f  Be. 
frorr, t h i s  e x p t r i c e n t ,  
d i s t r i b u t i o n  i s  due to t h e  prssence  of the  large experimental  holes  
which ex tecd  coppletely t l iroueh t h e  r e f l e c t o r  on one s i d e  o f  t h e  
r e a c t o r  and te6ir)  15 em, out  i n  t h e  Be on t h e  oppos i t e  s i d s .  

In t h e  CQPC tfie rod  r e p l a c w  one f u e l  t ube  

Fic,ure V I 1 4  shows the  da ta  obtained 
The rnnarked asyrwe$ry i n  t h e  s t a t i s t i c a l  weight 

111. keu t ron  Flux hleasurernents Betmiem Two Thoricull Rods. I n  o r d e r  
t o  determine t h e  ex ten t  of  the depression i n  the thermal neut ron  
flux between two Thorium rods c l o s e  spaced,  
w i t h  Indium f o i l s  a long  9 l i n e  midway beawcen two 3:'' square Thoriun 
rods p laced  i n  t h e  core of  t h e  4 k6. mock-up assembly and separgted 
by a d i s t a n c e  of  about ,?+/E;" between i n n e r  edges, o r  about E-7/&" 
Gctwtcn c e n t e r s ,  Tkig r e s u l t s  a r e  shown in Figure VII-7, where t h e  
thermwl neu t ron  f l u x  between t h e  two r o d s  i s  compared t o  t he  thermal  
f l u x  obse rved  i n  tnr, clean assenbly with s o l i d  r e f l e c t o r  and also 
wi th  t h e r m 1  f l u x  ob ta ined  along t h c  same l i n e  a f t e r  t h e  seven l a r g e  
exper imenta l  h o k s  hsvc k & m  i n t r o d u c e 6  throu[;h t h e  r e f l e c t o r .  
t h i s  compzrison t h e  t h r e e  f l u x  d i s t r i b u t i o n z  have t e e n  normalized 2 t  

t h e  edge o f  t h e  core  s i n c e  th i s  i e  t he  po in t  o f  maximum heat p r o d u c k n  

' -  - 
a traverse was taken  

For 
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FIG. VI1 - 7 

THERMAL NEUTRON DISTRIBUTIONS BETWEEN 
TWO TH RODS IN THE CORE OF THE 4 KG PILE 

(NORMALIZED AT EDGE OF CORE) 
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i n  t he  reac tor .  

I V ,  Gamma Ray €!eat Production Along t h e  Fde;:e of an Experimental 
Hole. 
due t o  garnrfla ray absorption nlieht be increased a t  p o i n t s  a long  the  
edges o f  t h e  exper imenta l  ho les  due t o  tne streaming o f  gamma rays 
from the  core throue:h these  holes ,  'the concept w . 3 ~  essentially 
t h a t  a considerable i n t e r z i t y  of s o f t  ~air_mz radiation, which i n  
t h e  case of  a s o l i d  Ee-graphite r e f l e c t o r  is etroncly s t t enua ted  
ir, t he  Be l aye r ,  could st rean thlrough zrr c x p e r i r c n t a l  ho le  and 
add t o  t h e  ~ a n r n a  ra;r i n t e n s i t y  i n  the p o r t i o n  o f  graphite ad jacen t  
t o  t he  hole ,  Sincc t ne  gamma hea t  product ion  i n  Graphite measured 
and repor t ed  previously f o r  t h e  s o l i d  r e f l e c t o r  ( s e x  QEZTZL-51) W E S  

somewhat higher  t h a n  t h e  calculsted v a l u e ,  i t  sppeared: worthwhile 
t o  examine t h e  F o s s i b i l i t y  of' increased hea t ing  a long  t h e  edge of  
8 hole,  

-I ---...". --___I- -.. --II --....---...-* --- 
I t  has b s m  suggested t h z t  t he  heat  producti.on i n  graphite - 

'The measurements were milde w i th  t h e  ~ e n l e  E x p h i t e  ion 
chambers which were w e d  t o  stucly g8mia heptiq i n  the  s o l i d  r e f l e c t o r ,  
I n  the present  experinlent t he  10 cc a n d  EGO c c  cmrnbers were used and 
t h e  filling <os W P E  a i r  st atmospheric pressure,  Corrections were 
nac?e 3s Scr'ore i'or t h e  ionizatim due t c  p r o t o n s  fron: t h e  n i t rogen  
(n ,p)procees ,  
cen te r  ho le ,  t he  chamber being p l a c e d  as near t h e  edge o f  the  hole  
as p r a c t i c a b l e .  
10 cc chamber  was used 2nd the center of' t n r ;  chamber was i n  the Be, 
0 .5  inches fror the actual cdcc of t k i ?  ho le ;  t h r o u c h  t h e  grephite 
p o r t i o n  of  t h e  r e f l e c t o r ,  the 200 c c  chamber was used and the  c e n t e r  
o f  the  chapber was i n  t he  g m p h i t e ,  1.G inches from the edge of the  

TLe measurements were r?iat?e along t h e  edge of  t h e  deep 

112 t h e  case of  t he  Be p o r t i o n  o f  t he  r e f l e c t o r ,  t he  

hole ,  

The r e s u l t s  of' the  measurements ark shown i n  Figure V I L - 8 ,  
where t h e  hea t  product ibn along the  edge of t h e  nole, i n  wat ts  pe r  
cc,  i s  comparzd t o :  (1) the  averaGe gamma heat product  ion i n  t h e  
s o l i d  Be-graphite r e f l e c t o r  as measured with  z i r ,  helium and GO2 
fillings i n  t h e  ion  chamber, ?rid (2 )  the  da ta  obtained with t h e  a i r -  
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FIG. VI  I - 8 
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I )  
filled c h m b e r  alone i n  t h e  s o l i d  ref lec+,or .  It  is seen t h a t  
gam.a h e a t  product ion f a l l s  o f f  nore r a p i d l y  a l o n e  the  edge of  
t h e  hole  than it does i n  t he  s o l i d  r e f l e c t o r .  
sf these  r e s u l t s  i s  not  s t r a igh t fo rward ,  however, because i n  
t ak ing  t h e  measurements a l m g  t h e  edee of t h e  hole ,  t h e  ion iza t ion  
chamber was backed on only t h r e e  s i d e s  by r e f l e c t o r ,  On the f o u r t h  
s ide ,  o n l y  the & inch aluminum wa l l  o f  t h e  hole  and t h e  l/ i3 i nch  
g r a p h i t e  wall of  t h e  c h m b e r  were e f f e c t i v e  i n  absorbing gama 

rays, and t h e r e f o r e  t h e  Rragg-Gray c r i t c r i . 8  fo r  t h e  determinatlion 
o f  Earn8 r9ay energy l o s s  by Teasurements o f  t h i s  type  were  not  
fulfilled t o  t h e  s m e  decree a s  i n  t he  case o f  t h e  da ta  taken in  
t h e  s o l i d  r e f l e c t o r .  

The i n t e r p r e t a t i o n  

V. Fast  Eeutron Flux ('E > 1 Mev.) D i s t r i b u t i o n  i n  the  4 Kg. Be 
Assembly Kbck-up, 
having energies gres te r  t h a n  1 mev. a Lliresnolc! type  f i s s i o n  chamber 
wqs cocs t ruc ted ,  using a 145 me,. sample of inmiurn ,  supplied by 
t h e  K - 2 5  l a b o r s t o r y ,  which i s  deple ted  i n  U - 2 ' 5  conten t  t o  about 
one p a r t  i n  100,000. 
i n n e r  
inch wsll t i i icknesc 2nd 1 inch  0. I). 
o u t e r  conductor of m Arcon f i l l c d  ion chamber; t h e  i o n i z a t i o n  
collected on thc c e n t r s l  wire i s  f'ed tc ,  an A - 1  cvnpfifier.  

*LIIIIc -I ..I___.__ 

In o r d e r  t o  s tudy  the d i s t r i b u t i o n  of neutrons 

The urmi lxn  m s t a l  is  coa te2  uniformly on t h e  

T k i s  cylinder is used as t h e  
su r face  of  n 12 inch long n i c k e l  cylinder which has 8 .02G 

I n  a preliminary series of  experinents  t h e  f i s s i o n  chamber 
was p l a c e d  in a graphite c ~ l u m n  con t s in lng  an  Sb-Be neutron source,  
and a l s o  et s e v e r ~ l .  c?iffercntt  p o i n t s  i n  t h e  5e r e f l e c t o r  of t h e  
4 mock-up assembly, 2nd t h e  ccunt inc  r a t e  WBS observed both when 
the  c h m b c r  was b o r e  and when i t  W ~ S  completely surrounded by 20 m i l s  
o f  Cd, Tihe thermal neutron f lux  end t h e  Cd r a t i o  were known i n  
each case from s tandzrd  Indim- f o i l  measurements.. Pron t h e  da t a  
obta ined  
of t n e  fissions i n  U-225 were caused by neut rons  havinc; energies 
below t h e  Cd-cut-off, a t  a p o s i t i o n  whcre t h e  Cd r a t i o  was 3.7cI. 
The r e s u l t s  o f  t h e  tx re  2nd Cd-covered exposurcs  i n  the r e f l e c t o r  
of  t h e  Be c r i t i c a l  assembly i n d i w t e d  t h z t  t h e  U-235 content  of 
t h e  urmium ssrnplc w a s  one p w t  i n  97,000, ir! good Rgreemcnt wi th  

i n  t h e  Sb-Be gr2,phite column, i t  was determined t h a t  ,93$ 

- 74.- 
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t h e  depletion f igure  given by K - 2 5  analysis. The i n f o r m t i o n  
gained from these  experiments enables  one t o  c o r r e c t  t h e  t o t a l  
count ing  rate of t h e  f i s s i o n  c h m b e r  f o r  the  counts  due t o  f i s s i o n s  
of  u-235, 

The chamber h p s  been used t o  i n v e s t i g a t e  t h e  E p z t i a l  d i s -  
t r i b u t i o n  of f m t  neutrons i n  the  4 Kg. Be mock-up assembly as shown 
i n  Figures VII-9 and VU-10, E'igure VII-9 shows ii comparison of t h e  
fast  neutron f l u x  2nd t h e  Indium r e s o n a m e  f l u x  d o n g  A l i n e  midway 
between two o f  t h e  large experimental ho1.es t h a t  extend conpletely 
through the r e f l e c t o r ,  2nd E'igure VII-16 shows 8 similar cornprison 
s long  t h e  edge of one of  t h e  exper imenta l  ho lcs ,  At t he  center 
of t he  core t h e  (nv)f2st  i s  &c$ o f  (nv)thermal,  irl reasonably good 
agreement with the cc?-lculated v a l u e  of f,C% L i v m  i n  MonF-272. 

. 

V I .  Theme1 Flux i n  a Bery l l i um Block F l w e d  i n  the Core of the htiock- 
up Assembly. It  was sugGesteii by H e m y  Newson t h a t  i t  might be 
p o s s i b l e  t o  establish a t lnermnl  f l u x  considerably grea te r  than that 
ab ta ined  a t  t h e  maxirnun! o f  t h e  t h e r m d  d i s t r i b u t i o n  i n  t h e  r e f l e c t o r  
by replacing a f u e l  assembly near  the cex tc r  of  t h e  core of  t h e  high 
f l u x  p i l e  by 2 block of' 5c;sy l i ium It was reasoned t h a t  t h e  p i le -up  
of ther r rds  ot:;e:veci i n  the BE r e f l e c t o r  should t a k e  place from each 
s ide  of the 5e clock end heme t h ~ ;  f l u x  a t  t h e  cen te r  o f  the  block 
should be increased  by perimps two o r  t h ree - fo ld  over t h e  maximw, 
on any one s i d e  of  t h e  re f lec tor ,  
water coo l ing  i f  i n s e r t e d  i n  the  k i&h f l u x  p i l e ,  the block inves t iga t -  
ed  was made up o f  1 inch  x 1 inch  Be columns, 26 inches long, sepzrat-  
e d  by l/t3 inch st r ips  o f  l u c i t e .  
was t h e r e f o r e  F/1, and t h i c  was est imated t o  be t h e  optimur r a t i o  
t o  produce t h e  pile-up of thermals a t  the c e n t e r  o f  t h e  b lock ,  The 
thcnnR1 neut ron  f l u x  W E S  measured through the c e n t s r  of t h e  b lock  
by the  use of  Indium f o i l s  and Figure VI141 shows t h e  distribution 
obtained, compared. t o  t h e  thermal d i s t r i b u t i o n  neasured along the  
same line w i t h  t h e  be block n o t  p resent  i n  t he  core. I t  is seen t h z t  
the gain  i n  tkrernKLc :?t t h e  c e n t e r  of t h e  b l o c k  over  t h e  mzximurn 
in the r e f l e c t o r  is n o t  q q v e c i a b l e .  

a- . .--. -- -.- . - 

Since such a b l o c k  would r e q u i r e  

The ratio of Be t o  l u c i t e  by volume 
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FIG. Vll-IO 
4 K G  PILE (71 x 22.5 x 66 CM) 

TRAVERSE TAKEN ALONG EDGE OF 
CENTER HOLE ( I N  FIRST INCH OF BE) 
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FIG. VI1 - I I 

THERMAL NEUTRON FLUX IN A 3*" X 3L" WATER W E D  
BE BLOCK REPLACING A FUEL ASSEMBLY IN THE 'CORE OF fHE 4 KG BE REFLECTED PILE 
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VII. 
assembly having t he  s t a n d a r d  U-A1-€',C core i-1~1.s been cons t ruc ted  and 
t rough t  up t o  c r i t i c a l i t y ,  The core  c o n t e i n s  37.1 gms of U-235 p e r  
liter o f  core  and t h e  volume mt  io o f  P.1 t o  IS20 i s  0.E5, 
volume was I s i d  o u t  t o  be approximotely square: i n  e ross -sec t ion  
(10 t u b e s  by 11 t u b e s )  arid i s  r e f l e c t e d  on all s ides  by E l  cn? of  
t y p e  FA3-AGR'I' - Ratch 1E iyaphitc?.  There i s  no r e f l e c t o r  t o p  cr 
botton?. 

Graphi  t e-Ref'lec t ed C r i  t i c z  1 AzFemb1.y. A! grzphi t e -  ref l e c t  ed 

The core 

At  B l o d i n g  o f  2.16 kgm. t h i s  msernbly recuires 90 u n i f o m -  
3.y distributed ZO mil d i m c t e r  golc! wires, t o t a l i n g  1 7 1  cm', t o  
ho ld  it j u s t  c r i t i c a l  w i t h  a l l  c o n t r o l  mas withdravm.. The minimum 
c r i t i c a l  mass, correc ted  f o r  d i s t r i b u t e d  poison and f o r  c o n t r o l  rod 
p o r t s ,  is 1.8 f C . 1  ken., in coed! agreement w i t h  t h e  va lue  c s l c u l e t -  
ed  by Spinrad (L.82 kern.). 

The s p a t i a l  d i s t r i h u t i o m  of themid. ,  Indium resonance and 
fas t  Feut rons  i n  t h i s  sssenbly have been m,a'c'wed. Fig,ure VIP-12 
shows t h e  thermel  and epitherrrml d i s t r i h u t i o n s  rrersured along t h e  
perpendicuf :7r  bisectcw cf' one s i d e  of t h e  core,  a t  the midheight o f  

t h e  p i l e ,  Fi;v,rc U P - 1 , "  compares t h e  1ndit.m resonence flux and 
t h e  f a s t  (E' > 1 !T~$v.) f l u x  d o n &  t h e  ssmc l i n 3 .  
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FIG. V l l - I 3  

GRAPHITE REFLECTED PILE 
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SECTI3N V I 1 1  - PilYSICS OF SOLIDS 

S, Siegel, Section Chief 
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11, !\io James (on l e a v e  from Furdue) 
J. A. Barker (on leave from USE) 
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W A L l o g -  ( S i e L e l ,  t. .. B. Reynolds, Comdr. Conrad). 
experinents has been s ta r ted ,  w i t h  t h e  r-tiu of lir. ti* 3. Reynolds, 
of KAPL, on t h e  re lease of r a d i o a c t i v e  ges from t h e  irradiated 
samples during anneals at var ious  temperatures from 2CG"C t o  500°C. 
The gas s t u d i e d  is presumably Kr85 w i t h  a h a l f  l i f e  of  9.5 days. 

A series of 

It is re leared  a t  a rnaximiu:: ra te  near 25OoC. Tile e f f e c t s  of these 
successively ~i$x?r  temperature anneals in reducing t h e  increases 
i n  hardness and e l e c t r i c a l  resistivity produced by i r r a d i a t i o n  are  
also being studied. 

Uranium Sinc le  Crystals - (Read, S l imr i l l )  Uranium single c r y s t a l s  
are needed f o r  a var ie ty  of studies of t he  pz-operties of  uranium 
such as investigations o f  dimensional s t a b i l i t y  when irradiated 
or themally cycled and of the mechanisms of p l a s t i c  deformation of 
uranium. Accordingly, a t t empt s  are being made to prepare uranium 
single crystals In  wire  or rod  form. ?'he usua.1 methods of metal 
single c r y s t a l  p repara t ion ,  that is, t he  Dridgman method of slow 
s o l i d i f i c a t i o i i  from the  n x d t  ~ n d  t he  s t ra in-annea l  method of  re- 
crystallizisg c r i t i c a l l y  s t r a ined  material, do not appear a t t r a c t i v e  

- 

i n  the case of' uragium, 
fac t  t h a t  uranium unbergces two phase changes on coolin& t o  room tem- 
perature ,  
o the r s ,  particularly A, R. Kaufmann of'  M. I. T., wi thout  S U C C ~ ~ S ,  

Tho Bridernan method is cnmpiicated by the 

The s t ra in-annea l  nethod has keen a p p l i e d  t o  uraniurr by 



. 

. 

- 
possibly because the  marked an i so t ropy  o f  thermal  expansion of  
uraniun! Rakes it impossible  t o  obta.in F! sufficiently uniform p l a s t i c  
s t r a i n  in t he  m e t a l  sample. 

Two o t h e r  c rys ta l -c rowin6  techniques  have  been t r i e d  here, 
The f i r s t  o f  t h e s e  consisted o f  slow recrystallization of a severe- 
l y  cold-worked uranium wire i n  a s teep  temperature  t r a d i e n t .  T h i s  
rnethod was qu ick ly  abmdoned as it failed to produce even a coarse 
g r a i n  T i m .  Tine second ne thad  c o n s i s t e d  of slow hea t ing  and cool- 
ing o f  t h e  uranium sample thrcugh t h e  t r ans fo rma t ion  temper- - 
a t u r e ,  aga in  i n  a s t ecp  t m p e r a t u r s  e r e d i e n t .  This was accomplished 
by lowcrinp, a sea led-of f  qua r t z  t u b e  con t2 in ing  t h e  sanple  a t  t he  
r.ate of  2 inches pe r  hour i n t o  a furnace maintained at 725'C 
and withdrawing it  at t h e  same r a t e ,  
lone, as two inchcs have been obta ined ,  but  none of t h e s e  have 
extended completely ~ C T O S S  t h e  cross-section of t h e  sample. 
Attempts are now being made t o  grow la rber  c r y s t a l s  by o t h e r  
c h o i c e s  of r a t e  of lowering and of  t k  fur r iwe  temperature .  

By t n i s  m e t h d  c r y s t a l s  a s  

Relaxatior of S t ra i r i s  i n  U - (Read, Goodmm). A s  d i scussed  i n  t he  
p m v i o u s  Q u a r t e r h l y  Procrcss Report,  it appears  t h a t  t h e  b l i s t e r i n g  
of uranium ~1~;:s produced by p i l e  exposure T e s u l t s  from some 
original st;*L:c8tur.al i~hOmO@neity i n  t h e  uraniurr: such as a v a r i a t i o n  
i n  type  o r  de(;ree oi' p re fer red  o r i e n t a t i o n  from one pn r t  of t h e  
s luf :  to anotimr, These inhomoccneit ies  a r e  being s tud ied  through 
measurements of t n e  dimensioniil chal?&;os of  l o c a l  areas  of a slug, 
as the tempgrature i s  chme,ed. &on-uniform dimensional  changes 
a re  t o  be expected a s  a consequence of t h e  pronounced anisotropy 
o f  thermal exransion of  uranium. The exper imenta l  method c o n s i s t s  
o f  measurements of t h s  ch3ncc in  resistance of'fhjirc s t ra in  gates 

cemented t o  the  u r a n i u r  s lug.  The r e s u l t s  ob ta ined  t o  date have 
r ~ v c a l ~ ~ c i  8 d e f i n i t e  vz r i a t io r i  in b e h a v i o r  from one p a r t  of t h e  
s lug  t o  ano the r  but  have a l so  shown that rhtber  l a rge  dimensional  
chsnCes occur  a t  co r i s tmt  temperature  a f t e r  the temperature of t h e  
uranium smipfe 'n,r?s been a t r u p t f y  changed. This re laxa t  ion e f f e c t  
is of considerable inier5:et  B S  i t  may p r o v i d e  i! new method of 
studying t h e  dimensional irF88bility of uranium. It is t h e r e f o r e  



c 

- 
being s tud ied  f u r t h e r .  Prel iminary r e s u l t s  i n d i c a t e  t h a t  most of 
t he  time-dependent s t r a in  disappears a t  cons tan t  temperature with 
a relaxali-on time of E few hours. This i s  fol lowed b y  another  re- 
l a x a t i o n  process  wi th  a r e l a x a t i o n  time of s e v e r a l  days. 
t o  e s t a b l i s h  whether these  r e l a x a t i o n  e f f e c t s  are c h a r a c t e r i s t i c  
of t h e  uranium o r  of  the  s t r a i n  gages being used, measurements 
have been made both wi th  Laces bonded wi th  Dum cement d i r e c t l y  t o  
t h e  uraniun? and wi th  c,ag;es bonded with Bakel i te  cement t o  a t h i n  
(C.CO1 inch)  l age r  of A1-Si a l loy  on t h e  sur face  of t h e  uranium, 
In t h e  l z t - t e r  cese t h e  &age cotlld not  ce borided d i r e c t l y  t o  t h e  
uranium beceuse, a t  t h e  required baking temperature of 15C1°C, 
s u f f i c i e n t  ox ida t ion  of  t h e  uranium underneath t h e  gaee occurred t o  
des t roy  t h e  adhesion. 'The s i m i l a r i t y  of t he  r e s u l t s  obtained b y  
tnese r a t h e r  d i f f e r e n t  experlniental  methods ind ica t e s  t h a t  t h e  
r e l a x a t i o n  e f f e c t s  observed a r e  c h a r a c t e r i s t i c  of  tine uranium r a t h e r  
than of t h e  gages, 

I n  order  

Theory of  FroductiDn of  Di sp laced  Atoms  i n  CrapLitg - (James). 
A calculation of the r a t e s  of enercy l o s s  from i? f a s t  r e c o i l  C atom 
by ~ a r i o u s  processes  hRE keen made, 
b) e l a s t i c  an6 by ine ls9 t i . c  ( e x c i t a t i o n  and ionization} processes is  
p l o t t e d  i n  F i ~ - u i ~ e  IIII-1, aga ins t  the  mercy E of t h e  f a s t  C r e c o i l ,  
The t o t a l  encr.;,y dissipated i n  producine holes  i n  t h e  l a t t i c e  i s  
p l o t t e d  i n  FiLure VIII-2,  ag,;ainst t h e  initial mergy  Ei  o f  t he  
p r i m a r y  C r e c o i l .  It i s  evident  t h a t  the major po r t ion  of the damage 
t o  t h e  g m p h i t e  l a t t i c e  occurs during t h e  l a t t e r  po r t ion  of t h e  
range of  t h e  C r e c o i l .  The energy used up i n  dcmaging the  l a t t i c e  
depends only weakly on t h e  i n i t i a l  energy o f  the  C r eco i l .  Thus a 
250 ke? C r e c o i l  uses  up 25 kev 
while a r e c o i l  of' only 50 kev still uses  up 18 kev i n  darnagin6 t h e  
e r a p h i t  e. 

The energy 102s per  atomic l ayer  

in flakin& holes in t h e  graphi te ,  



200\ 

loo\  

+ Dr 6479 . 

FIG. Vll l  -I 

ENERGY LOSSES PER LAYER: 
CARBON IN CARBON - 

v 
\ 

\ 

85 



X
 

6
J

 



c 

r 

. 

E f f e c t s  o f  Rad ia t ion  on Various Metals - ( B i l l i n & t o n ,  S iege l ,  Read, 
Va len t ine )  Two g e n e r a l  progress r e p c r t s  h w e  been w r i t t e n  deal-  
ing w i t h  t h i s  t o p i c ,  OHEL-115 and ORNL-3-28, t o  be i s sued  shor t ly .  
ChanGes i n  hardness ,  e l e c t r i c a l  r e s i s t i v i t y ,  and width and in- 
t e n s i t y  of  X-ray d i f f r a c t i o n  pRt te rn  l i n e s  have been s t u d i e d  f o r  
va r ious  alloys and pure meta ls ,  Changes e re  found ir, many cases ;  
generally it i s  found t h a t  i n i t i a l l y  s o f t  annealed a l l o y s  and pure 
me ta l s  e x h i b i t  changes, except  for t h e  l i g h t  pure  metals A l ,  !dg 
and E3e. fiietals and a l l o y s  i n  co ld  worked o r  hardened cond i t ions  
a l s o  show chanced p r o p e r t i e s  j n  mecy i m t a n c e s ,  but  a con- 
cordant  i n t e r p r e t a t i o n  of  t h e  data is  not  y e t  c l e a r .  

A r e p l i c a  method of s tudying  the n e t z l l c g r a p h i c  s t r u c t u r e  
of  i r r a d i a t e d  samples has been developed, Indium metal is used 
f o r  t h e  replica, the "hot" saxple  be ing  pressed a g a i n s t  it. The 
method g i v e s  adequate  uetai l  up t o  about 5CC x magn i f i ca t ions ,  b u t  
does riot work well above t h a t .  

The d i s o r d e r i n g  of t h e  ordered a l l o y  Cu3Au by p i l e  
i r r a d i a t i o n  has  been d e s c r i k e d  i n  t n e  prev ious  Progress Report.  
A t e s t  hzs now beer, mode on tile ordered  a l l o y  C u b  (be t a  b ra s s ) .  
E l e c t r i c n l  r e s i s t i v i t y  mcxsuremcnts were c a r r i e d  o u t  over  a. 
pe r iod  o i  i'wr neeks ori :' s m p l e  of' t h i s  a l l o y  i n  a dou&nut  ho le  
of  t h e  Ciintctr, i ' i l e .  KO chan!;e w t s  fount', a l thou@ a change of  
0 . 2 5  per  cent  could hsve bcen detC:ctccl. I n t e r p r e t a t i o n  of t h i s  
r e s u l t  i s  sorriewhat u n c e r t a i n ,  howevcr, f o r  t he  e l e c t r i c a l  r e s i s t -  
i v i t y  o f  d i sordercd  b e t a  brass  a t  roon, temperature  i s  not known. 
The r e l a x s t i o n  time f o r  t n e  E:sti:blisiment of o r d e r  in t he  a l l o y  
on cooling t l irougn the  c r i t i c a l  ternpcrature  i s  s o  shoyt  t h a t  
previous investigators nave f a i l e d  t o  r e t a h  disorder a t  roon 
tem2era ture  by r ap id  cooling. 

I,ow Ternperhture Sxposurs I u b e  - ( !k tce l f )  Development work has 
coritinued on t h e  apparatus  f o r  keepin& m a t e r i a l s  ;t a tempera ture  
i n  t h e  neighborhood cjf' lGQCK while they  sre  i r r a d i a t e d  i n  t ne  p i l e .  

-' 

During tine l a s t  q u a r t e r ,  t e s t s  o u t s i d e  t h e  p i l e  have bcen 
made of  the'operatPon of thc  c r y o s t a t  p r o p v .  Vvith d r y  i c e  i n  t h e  
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cooling t a n k m d  w i t h  cooling a i r  flowin& at the mxirnum r a t e  f o r  
which t h e  apparatus  was designed, a temperature of  -EIoG was 
a t t a i n e d  i n  t n e  experimental  region of t h e  c r y o s t a t .  This  is 
considered a s a t i s f a c t o r y  performance. fiovwrer, the  vacuum j a c k e t  
developed 8 leak while the c r p s t a t  was cool.ing dcmn; t h i s  may 
i n d i c a t e  f a u l t y  design, 

'The autornst i c  temperature control. w 8 s  t e s t ed .  It com- 
pr ises  a thermocouple loce ted  in t he  experimental. region of t he  
cryostat; ,  a Leeds ana Eorthrup "Speedoniax" c o n t r o l l e r ,  and a 
motor-dr iven v e l v e  on t h e  compressed a i r  su2ply l i n c .  Its per-  
formance appeared t o  Le adequate. 

One o f  t h e  cool ine  t a n k s  is being modified t o  permit 
t e s t i n &  the appesatus usin5 liquid n i t rogen  as the cooling akent.  

Semi-Conductors - (Jchnscn) Survey e x p r i m n t s  to determine t h e  
e f f e c t s  of  p i l e  i r r s d k t i o n  on semi-conductors have been continued. 
In p a r t i c u l a r  r e s i s t i v i t y  memuremoats a s  a func t ion  o f  irradiation 
time have beer, rnede for sampleso f  F t y p e  t e l lu r ium,  F t y p e  sclen- 
im, I? t y p e  cuprous o x i d e  3 r d  I\; and P t y p e  s i l i cor? .  In all cases 
the r e s i c t  i v i t y  fms iricreased h i t n  irradihtion, and cuprous oxide  
samples LeLifi  t o  increase  irmedietel3; upon i r r ac i i a t  ion. However, 
with selenium the  r c s i i t a r i c e  remains relatively constant f o r  a 
pe r iod  of  t e n  t G  f i f t e e n  days and then increases rapidl3;. T h i s  in- 
crease p r o b a b l y h j  not  due t o  the  forrnatlon of irripurities, s i n c e  
t h e  most abundant i m p u r i t j  formed, b r o m i n e ,  tends t o  decrease t h e  
resistance of pure  selmim. A poss ib l e  sxplar ia t ion f o r  the i nc rease  
of  resistance of silicon was thought to i;c the formction of  s i l i c o n  
ox ides  dur ing  i r r a d i a t i o n  due to t h e  presenc5 of ozont: in t h e  p i l e .  
'This was ru l ed  o u t  by exposing a silica2 sarriple enclosed i n  an 
cvacuat+ed tube.  The r e s i s t ance  of the enclosed  samrJe behaved 
similar1.y t o  t h e  p r e v i o u s  exposed samples. 

+ 

The conductivity cr of a sinple sc.,rrii-conductor is  g iven  by 

Q n e b  
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when n i s  t h e  number of c a r r i e r s  md b t h e  n o b i l i t y  of t h e  c a r r i e r s .  
The Iiall  c o e f f i c i e n t  R f o r  a simple semi-conductor is  given by  

Hence by sirnultaneouslj/ measuring t he  conduct iv i ty  and t h e  Hall 
c o e f f i c i e n t s  f o r  a given samplz, i t  i s  poss ib l e  t o  determine the  
number and type  of  c a r r i e r ,  and t h e  n o b i l i t y  o f  t h e  car r ie r .  

Equipment hss now been assembled f a r  rnakinG these  measure- 
ments on samples  before  and a f t e r  i r r a d i a t i o n ,  Design of  equipment 
f o r  making t h e s e  measurements dur ing  i r r a d i a t i o n  i s  near ing  comple- 
tion. l'i;is equipment should enable  t h e  determinat ion of t h e  
r e l a t i v e  r o l e s  of  t he  number of  c a r r i e r s ,  and of t he  mobi l i ty  of 
t he  c a r r i e r  i n  czusing t h e  observed r e s i s t a n c e  changes. 

The work repor ted  above and t h e t  rFported i n  t h e  previous 
Quar te r ly  r epor t  has b2en done on the  b u l k  p roper t ies  of semi-con- 
duc tors ,  i . e , ,  e i t h e r  on snall p l a t e s  cf m a t e r i d  o r  i n  the case 
of  c r y s t a l  r e c t i f i e r s  a t  h ich  enough v o l t & k 2  t o  make t k e  r e c t i f y i n g  
b a r r i e r  i n e f f e c t i v e ,  
r c s i r t a n c e  r,f i n e  gcrmmium lNZIC a t  0.1 and 3 v o l t s  a l t e r n a t e l y ,  as 
a functjon I? i r r a d i a t i o n  time. 
t h e  sum o f  t L i 6  bumi 'er  r e s i s t a n c e  ar,d the bu lk  r e s i s t a n c e  while 
t hose  a t  Z v o l t s  g ive  thc  bu lk  rcEistar,ce a lone.  The r e s u l t s  of  
such measurements show t h a t  t h e  b a r r i e r  r e s i s t a n c e  decreases  while  
t h e  b u l k  r e s i s t a n c c .  irLcrcsFe.s. The twc curvtis meet a t  t h e  maximum 
of  t h e  b u l k  r e s i s t a n c c  curve and then decrease toge ther .  
t h e  e f f e c t  of  i r r a d i a t i o n  is  t o  des t roy  t h e  r e c t i f y i n g  b a r r i e r  be- 
tween germanium and t h e  tungs ten  cat-whisker.  
c r r r j e d  out  on a s i l i c o n  lX21. does not  saow the same e f f c c t ,  Both 
t h e  forvlrsrd and back r e s i s t a n c e  inc rease  cont inuously as a function 
o? time of  irradiation. 

Bleasurerents have now been made on t h e  forward 

The measurements a t  0 , l  v o l t  give 

Hence 

A similar experiment 

E f f e c t  of  Eeutron Eombrdment ,on I n t e r n s 1  F r i c t i o n  - (Read, Dismuke) 
A s  p a r t  o f  t h e  genera l  program of s t u d y  of  t h e  e f f e c t s  of  i r rad ia-  
t i o n  on t h e  p l a s t i c  p r o p e r t i e s  of' s o l i d s ,  i n t e r n a l  f r i c t i o n  measure- 
ments a r e  bcine, made on metal  s i n g l e  c r y s t a l s  mounted i n  f r o n t  of  a 

c 
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p i l e  beam hole.  This  method of  i r r a d i a t i o n  h9s  chosen f o r  the f i r s t  
experiments of  this t j y e  because it pe rmi t s  the  riaximu-!! p r e c i s i o n  of 
rwasurements of  i n t e r n a l  f r i c t i o n  in so fa r  a s  irra.die.Liori induced 
chanees a r e  concerned, 
c r y s t a l s  i s  so e x t r a o r d i n e r i l y  s t r u c t u r e - s e n s i t i v e  t h a t  measurable 
chan6;es i n  it might we l l  be produced by  an i r r a d i a t i o n  n7hich i s  t o o  
snzill t o  e f f e c t  detect ,ably o tne r  phbsical p r o p e r t i e s .  

The i n t e r n a l  friction of meta l  s i n g l e  

Physics of SoLic?s Seminar, 
was s ta r ted ,  
p r o p e r t i e s  of Femi-conductor r e c t i f i e r s  was presented  by  JI,. E. 
Johnson, P s e r i e s  or" t a l k s  c,n ' 'E lec t ronic  S t a t e s  i n  Per turbed  
F e r i o d i c  System' '  has  been Frescnted b j  €1. IbL Jsmes. 

During tne past q u a r t e r  a weekly seminar - cI)Ic..), . . ..- 
iin cxpcriiTlenta1 and theo re t i ca l .  d e s c r i p t i o n  o f  the 

, 
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Sect.iion LX - niiathernat4ics and Computing 
--w )r 

A. S. Iiouseholder, 

Stochastic Estimates of Age i n  h a t e r  - fG. Goertzel, B. I, Spinrad, 
E. A. Forbes, P. 0. Levy, M. K, Kullings, iU. R. Arnette, A. S, 
Householder) 

l.lrc 

A s  a p i l o t  s tudy,  100 neutrons were followed by hand 
computat ions from 1.0 mev slowing dowr, i n  water  t o  1 ev. Methods 
of conputation were essentially as outlined f o r  t he  IBBI i n  an 
informal  rnernorancium by Coert  z e l  and Householder. 

Vvhen the population was co l l ec t ed  statistics were corn- 
puted on z and on u = log  (E,/E), as follows. 
e n e r g y  leve ls  a t  i n t e g r a l  powers o f  10 wer.e. s e l e c t e d .  
given energy level, record was made f o r  each  neutron of the 
z -va lue  a t  the collision whicn f i rs t  c a r r i e d  it t o  an energy below 
t h i s  l e v e l ,  The moments about the niea~: were then  c a l c u l a t e d  f o r  
t h i s  d i s t r i b u t i o n .  h'ioments were t a k e n  about the mean instead of 
about t h e  o r i k i n ,  s ince  these are  s t a t i s t i c a l l y  preferat le .  Com- 
p u t a t  ions were made by t a k i n g  between 15 and 20 class- in t e rva l s  
and t h e n  e p f ' i j  ing Sheppard's cor rec t  i ons .  

For the z - s t a t i s t i c s  
For any 

'The r e su l t s  %re as fo l lows:  

A l l  u n i t s  ~ T ' E  powers of a centimeter. 

r'.. i'kese r e s u l t s  are  somewhat paradoxical i n  that t he  
greater increase occurs between energies 10' and lo5, whereas one 
would expec t  i t  t o  occur  above 10". Tne explanat ion a p p e a r s  t o  b e  

-91- 
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t ha t  t h e  small sample of 1OC is not sdequate  f o r  any hie;h debree 
of  precision -- a f ac t  t h a t  wa.s, of course,  recogl;r-ized i n  advence. 

!'loments i n  the d i s t r i b u t i o n  i n  t h e  letharcy u = l og  (lC7/E:) 
wert: computed about  t h e  rriei~n a f t e r  t he  f i r s t  collision, the  second 
c o l l i s i o n ,  e t c .  These nornents, and t h e  positions of  tne means, 
are g iven  i n  t h e  following t a b l e ,  along wi th  the  values  of  skewness 
and kurtosis. 
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Afte r  15 c o l l i s i o n s  t h e  number of e p i t h e r m a l  n m t r o n s  was diminishin& 
r a p i d l y  and nc  f u r t h e r  moments VEX computed. 



Members of the Sect ion have a l s o  prticipated in t h e  follotv- 
ing pro jec t s :  

._ " 
I 

Pro jec t  ARuu (R. R. Coveyou) f o r  Bealth Physics Division. 
---C.--.~.--C).I 

computations on the ,!3 spectrum of g o l d  (I?. 0. Levy) f o r  Paul Levy. --.. - -.,-e--. -.-- -- - ..-- - .---.u--rrrrrr.------.- 

Least-square curve f i t t i 2 g  t o  80me biological data (P. 0. L e v y )  f o r  
D r .  R, F. Kimball of the Biology Divigon. 
__u_.-_u__- "-I.- --* -c-..*-LIIIc.c)..-.. .----------.*...-.*- 

CaLculat ions of  inverse  Laplrce trznsforma (R. Crook) f o r  Henry S t raus .  ---- r ___L. 

Computations of  a; (a) f o r  v a r i o u s  v p l u e s  of  j and a @I. R. Amct t e )  
f o r  M. E, Rose. -, -_ - - ..-1.-. I 
-.-.. . ~ --...c-- -._- j 

. 

Solu t ion  of a trznscendent 1 e uz+ion f o r  v a r i o u s  values  of reve lan t  
-..--r*l-rn---rrrr * .- --. "L..--".,.-..- _- .*..IIIILL. 

g a r m e t e r s  (id!, E. Arcettc) f o r  F'. H. Iuiurmy, 
-*.-I-. -...-"."I .- 

Computation of photo-GisinteLr2-t ion cross-sections (E. A, Forbes) 
for A. I;. S ~ c I . 1 .  

. "-e -..)-----*.- 1 . - - - - - . ---*-  --I* -. .-C 

Cornputat ion 2nd p1o tt ing Innour i 'omxla for r i s i n g  and f d l i n g  ac t ive  
i t i e s  from most recent data on d d a y c a  neut ron  fractions ana periods 
(E. A, Forbes)  f o r  A. B. Liartin.  

. ._ .--_ -.._ I_ _ -  -c -- --I-. --.-*- - - - . _,- -- . - -- - 
1-.. - -  *------A -- . ----...--.-- --.--.C--.-.--.u------. .--*-. r - -. .- -._. * ----_. ---.--.--- 

Computztions of atomic p o s i t i o n s  ir, i c e  (M. K. Eullings) f o r  E, 0. 
Ol.oflan, 
- -1 -- .--..---u_--. ---.-cI-.pI..IIIU-c.L __-- .I____. 
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R. R, CoveyGu is back a t  vvork; E, L, Garabedian has l e f t  
t o  work f o r  t he  AEC i n  hash ington ,  D. C . ;  E. I. SpinrRd and Nancy 
Dismuke are  working wi th  t h e  S e c t i o n ,  

Greatest activity h a s  re la ted  t o  s t o c h a s t i c  methods cf S01-J- 

I-ng integral .  and difzerenlial equations and t o  machine computations, . 
A genera l  survey will be e iven first ,  and then some of t h e  individual 
problems w i l l  be descr ibed in d e t a i l ,  

Piark on pro.&ramminc the corr!putations f o r  t h e  i n t e r n a l  con- 
vers ior ,  p o b l m  (cf .  t h e  prev ious  Q u a r t e r l y  Repor t  and t h e  discuss- 
ion below) is proceeding u c & r  t h e  d i r e c t i o n  of 5, I, Yplnrad, This 
computat ian i s  t o  be done e i t h e r  on tkie SSEC by t h e  I n t e r n a t i o n a l  
Business Jilachint?s Corpora t ion ,  o r  on the  Autonatic Sequence Con- 
t r o l l e d  Calculator  a t  Ilarvar2, 

Arrangements have been made wi th  EL C .  C. Eurd and itlr. 
2’. C ,  Uffelmen whereby a ser ies  of  computations will be  performed 
on s tandard IBhi equipment, some a t  K-25 and some a t  Y-12. A t  K-25 
an e labora te  s e t  of’ s t a t i s t i c a l  reGressior, e q u a t i o n s  are being set  
up f o r  Cr. J. Y, Fe1t:x of’ t h e  h e a l t h  D i v i s i o n  s i t h  the  c o l l a b o r a t i i o n  
of  menbers o f  this Sect ion.  A t  t h e  same time, 2lar-,s are being made 
for s o l v i n e  cc.iktain tvio-dimensional p i l e  equat ions  on t h e  i n s t a l l a - .  
t i o n  a t  K-25, m i n e  3 Gauss-%idel  i t e r a t i v e  procedure.  This method 
is  a p recu r so r  of  t h e  popuhr ; -e laxa t ion  m t h o d s ,  the  l a t t e r  being 
unsu i t ed  f o r  m e C h m i Z a t i O E  i n  v iew of  t h e  cl”i@ices recwired. 

A t  Y-12 tile probl-ems are t o  be c h i e f l y  stochastic, Ruth 

It is hoped 
A r n e t t e  and Nrs. Hu1linE;s a r e  rmw spending t h e i r  f u l l  t i n e  t he re  and 
will cont inue t o  cioslo while Xi-10 p r o b l e m  are being 
t ha t  t h i s  w i l l  p e r m i t  the completion a t  an e a r l y  d a t e  o f  the  s t o c h e s -  
tic e s t i m t e  of  neut ron  ae:e i n  water t h a t  was s t a r t e d  some time 
p r e v i o u s l y .  

Other stociias.cic problems ulrder cons ide ra t  ion f o r  s o l u t i o n  
z t  Y - 1 2  arr3 t n e  following. The first i s  t h e  age from high  i n i t i a l  
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e n e r g i e s  i n  i3. mixture of  E, 0, N and C s imula t ing  t i s s u e .  This 
problem has  been d i scussed  w i t h  members of the  Heal th  Phys ics  
Div is ion  and wculd be s e t  up and analyzed wi th  t h e i r  co l l abora t ion .  
The IBM r o u t i n e s  would be almost i d e n t i c a l  wi th  those  employed 
f o r  t h e  c u r r e n t  computation of ace i n  pure water  from R 1ow-enere;y 
nonochromatic ~ o u r c e .  There has been some d i scuss ion  of  t h e  advis- 
a b i l i t y  of  performing a s t o c h a s t i c  e s t i m a t s  of  age i n  graphite t o  
compare w i t h  t h e  d a t a  of  l i i l l  and Roberts .  
be s i m i l a r ,  though somev?nat simpler i n  i t s  d e t a i l s ,  but  would re- 
q u i r e  a g r e a t  marly more c o l l i s i o n s  f o r  completion, and probably 
a gree t  many more irzdividual p a r t i c l e s  f o r  adequate p rec i s ion .  

This  computation would 

The next  l i k e l y  problem is t h a t  of the? energy d i s t r i b u -  
t i o n  of neut rons  i n  na tu ra l  uranium. 
a ma t r ix  i t e r a t i o n ,  though t h e  s t o c h a s t i c  estimate seems most feas-  
i b l e ,  Iln t h e  problem as  cmce ivzd ,  s p a t i a l  d i s t r i b u t i o n s  w i l l  no t  
be considered. Neutrons fo l lowing  ar: appropr i a t e  i n i t i a l  d i s t r i b u -  
t i o n  in cr,ergy will be, slowed down, znd will te a’csor.bcd e i t h e r  w i th  
o r  without  f i s s i o n .  This Leads t o  a gradual change i n  t h e  o v e r a l l  
d i s t r i b u t i o n  of energies with poss ib ly  sn a sympto t i ca l ly  s t a b l e  
f o m  

T h i s  might b e  performed as 

4 ;jmy,osed long:-ran&e s e r i e s  of s t o c h a s t i c  estimates 
would involve the d i s t r . i b u t  ion  cf n s u t r o n s  undergoin& collision 
near thermal  er!erLies w i t h  momaborriic s u b s t a m e s  of va r ious  types ,  
i nc  lud  i n g  c r l  st a l s  . 

E’relirninary resu l t s  of‘ s t o c h a s t i c  e s t i m a t b n  are  des- 
c r i b e d  below. 
ed, i n v e s t i g a t i o n  i s  being made of  t h e  p o s s i b i l i t y  of  o b t a i n i n g  

In a d d i t i o n  t o  t h e s e  and the  problems j u s t  mention- 

stochastic estimates o f  t h e  solutions of p a r t i a l  d i f f c r e n t i a l  
equations. For t h i s ,  two p o s s i b i l i t i e s  a r e  a t  once apparent ,  One 
may n;ake t h e  s p e c i a l  assuxtptions which y i e l d  t h e  d i f f u s i o n  equat ions  
8s a s p e c i a l  case of t h e  Boltzmann equa-tion and set  up t h e  s tochas-  
t i c  process  accorain6Jy. In this case one encounters dev ia t fons  
a t  the ‘boundaries of  t he  same c h a r a c t e r  e x a c t l y  as those  encounter- 
ed i n  t h e  a t tempt  to represent  t h e  d i s t r i b u t i o n  of  neut rons  by t h e  
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d i f f u s i o n  equat ion.  
c l a s s i c a l  discussions of Brownian movement. In  this event  t h e  
b o u n d a r i e s  p r e s e n t  EO p r o b l m  in p r i n c i p l e ,  and f u r t h e m o r e  the  
p r o c e s s  i s  the  Eimplest p o s s i b l e .  The d i f f i c u l t y  is that  an 
i n o r d i n a t e  Rurnber of  s t e p s  may be  r e q u i r e d .  K e v e r t n e l e s s  - 
t h e  extreme s i m p l i c i t y  of t h e  i n d i v i d u a l  steps adapts  t he  method 
admirabljr  t o  m c n i n e  methods, 
up a s t anda rd  p o p u l a t i o n  of c o l I i s i o r l s  t h a t  i s  independent  of  t h e  
c h a r a c t e r  o f  the boundary, of t h e  n a t u r e  of  t h e  source ,  and even 
of t h e  numbLr of' 14irncr,siorcs. Thus if t h c  boundaries  arC: n o t  
t oo  complex, tne u t i l i z a t i o n  of t n i s  p o p u l a t i o n  for t he  s o l u t i o n  
of d i f f e r e n t  boundary p r o b l e r s  i n v o l v e s  p r i n c i p a l l y  a chanLe 
i n  sort  ixg, tecnniques.  

Or e l se  one may f o l l o w  t h e  l i n e s  of t h e  now 

Moreover it is  possible t o  b u i l d  

Solution of Milne Problem - (G. Goer t ze l ,  3. I, Spinrad, T, M, 

Mull iken,  H. R. Cove~-ou, L, 2, A r n e t t e ,  A., z'. Eouseholder) .  
- --- -.I- *--. -. .- 

T h i s  problem was Froposed by Drs, %. S, Snyder arid 
J, Leufe ld  of  t h e  I-iealth Physics  D i v i s i o n  f o r  pilrposes of e s t i m a t -  
i n g  the d e n s i t y  o f  c o l l i s i o n s  of' t i i e m a l  w u t r o n s  as a f u n c t i o n  
d e p t h  wi th in  a s l a b  of  t i s s u e .  
n e u t r o n s  VU'BS .;,sstirried and t h e  e q u a t i o n  te.k:en i n  t h e  form 

A p a r a l l e l  e n t e r i n 8  beam of  

f ( x )  = - 0.4961 J iu ( 1  t -x] )  f f t )  d t .  
0 

The c o e f f i c i e n t  of the  i n t e g r a l  

C.4961 = x/2 

r ep resen t s  an assumed probability of 

of an a k s o r p t  i o n  a t  any c o i 2 i s i o n ;  the e x p o n e n t i a l  term o u t s i d e  
the  i n t e L r a l  r e p r e s e n t s  the d i s t r i b u t i o n s  o f  d e p t h s  o f  f i r s t  
collisions; and t h e  f u n c t i o n  I$- r e p r c s e r i t s  t h e  d i s t r i b u t i  ~1 of  
chanGes i n  d e p t h  between s u c c e s s i v e  collisions, - 

- 9f- 



lmm 
By means of a n d i g n m e n t  c h a r t  devised by Spinrad  i t  

was p o s s i b l e  t o  accumulate 8 p o p u l a t i o n  qu i t e  r a p i d l y .  
o f  1GO neut rons  were fol lowed.  
n e u t r o n  gave,  t h e  depth  of  t h e  f i r s t  c o l l i s i o n ;  t k e r c a f t e r  con- 
s e c u t i v e  random numbers gave l o c a t i o n s  on t h e  alignment c h a r t  fron: 
which c o n s e c u t i v e  c o l l i s i o n s  could be l o c a t e d  i n  depth ,  
n e u t r o n  wcs dropped when i t  escaped from e i t h e r  boundary o r  
was absorbed. 

A t o t a l  
The f i r s t  random Lumber f o r  any 

The 

These n e u t r o n s  y i e l d e d  something over  18OC c o l l i s i o n s  
and the resulting d i s t r i b u t i o n  was used as a t r i a l  f u n c t i o n  fo r  an 
i t e r a t i v e  so lu t i .on  o f  trie integral equat  ior; by numerical  i n t e g r a  
tion, It t u r n e d  out t h a t  t h e  second i t e r a t i o n  provided. almost 
n e g l i g i b l y  small c o r r e c t i o n s  and t h c  p r o c e s s  was s topped.  
appeared  f u r t h e r  t h a t  t he  r e s u l t i n g  curve  could  be r e p r e s e n t e d  
w i t h  c o n s i d e r a b l e  accuracy by  

It 

f (x) 2.98 (x f C . 8 0 f )  e-”*4E4x . 
A noteworthy f e a t u r e  of t h e  c u r v e  and the d i s t r i b u t i o n  is  t h e  
o c c u r r e n c e  of a maximum a s h o r t  d i s t a n c e  from t h e  i n c i d e n t  
boundary. 

;ne iteration rcqui red  for t he  improvement of t he  
s t o c h a s t i c  e s t  h a t e  i s  i n  this p r o b l m  p a r t i c u l a r l y  simple, 
S i n c e  t h i s  is not  always p o s s i b l e  o r  feasible it appeared t o  b e  
of  some i n t e r e s t  t o  examine further the  result of t h e  unimproved 
s t o c h a s t i c  esti lr late.  For t h i s  purpose a f u n c t i o n  o f  the  same 
form was f i t t e d  by  l ea s t  squares t o  the s t o c h a E t i c  da ta ,  p o i n t s  
b e i n g  weie;htcd by the  r e c i p r o c a l  of t h e  observcd o r 6 i n a t e .  Two 
SUCP, f i t s  were made, one u s i n g  10 and the o t h e r  u s i n g  2C c l a s s -  
i n t e r v a l s .  
g j - v i q  cv idence of c o n s i d e r a b l e  s t a t i s t i c a l  f luctuat i :on,  The 
r e s u i t i n g  c u r v e s  i n  the two cast‘s c,me out  t o  be 

The hietogram f o r  t h i s  l a t t e r  case was q u i t e  i r r e g u l a r ,  

(10 I in te rva l ’s ) ,  
4 -93  (. f fJ.2:,4) ,-o*544x 



These parameters d i f f e r  substantiall> from those o b t a i n e d  a f t e r  
i t e r a t i v e  improvement of  t h e  s t o c h a s t i c  e s t  h a t e .  However, two 
p o i n t s  must  be  noted i n  t h i s  connect ioc.  Thc f i r s t  i s  t h a t  althoue;h 
t h e  f u n c t i o n a l  form employed f o r  r e p r e s e n t i n c  t h e  r e s u l t  e i v e s  F?. 

f a i r l y  c lose  f i t ,  it is never the less  not  t h e o r e t i c a l l y  c o r r e c t .  
But second, arid rr.ore s i g n i f i c a n t ,  i s  t he  f a c t  t h a t  t h e  1eOG c o l l i s i o n s  
are riot s t a t i s t i c e l l y  independent. ORF, mwt conclude t h a t  the 100 
neut rons  are  not  s u f f i c i e n t  f o r  a p r e c i s e  e s t i m t e  o f  t n e  c o l l i s i o n  
d e n s i t i e s .  

A s  t h i s  w o ~ k  was goicg orL it was r e a l i z e d  tha t  
by very  s l i g h t  chances i n  thhe procedure i t  would b e  poss ib l6  t o  
develop a popula t ion  f o r  e s t i n a t  ink c o l l i s i o n  aens it i e s  i n  s l abs  
of any thickness whatever. 
depth of  t h e  c o l l i s i o n  one nzrrcly records the  chance in  depth,  A 2, 
between c o l l i s i o n s .  
c o n s i d e r a t i o n  of  t h e  l o c a t i o n  of  boundaries .  Now:, &itrcz~ bour-aaries 
i n  any p o s i t i o n ,  one adds 3 z ' s  until one boundary o r  the o t h e r  i s  
t r a n s c r e s s e d ,  a f t e r  vmich t h c  r!CiXt a z i s  t a k z n  t o  s ta r t  a new 
neutron. ' t h i s  i s  m e  of t h ~  s t r i k i q  a d v a n t q e s  c d  the  s t o c h a s t i c  
method, t k t  tw F ~ J Y E :  Lasic popula t ion  can b e  used  f o r  an  e n t i r e  c lass  
of probLex:ls. 

Ins tead  o f  record ing  a t  each s t e p  t h e  

One t h i s  dt-vt;lcps a popula t ion  of' LJ z ' s  wi th  no 

Such it popula t ion  i s  riow being c o l l e c t e d  and about 
%GO A Z ' S  have t een  recorded. 
t h e s e  i s  t o  o b t a i n  collision dens i t i2 . s  from an i s o t r o p i c  s o u r c e  i n  
slabs of  several .  t h i cknesses ,  

One o f  t i l6 first uses t o  be  made o f  

This  work will a l l  be  desc r ibed  i n  greater a e t a i l  ir 
i n  r L p o r t s  t o  be  prepared later. 

Gauss-Seidel, Iteration - (B. I. Ppinrad)  I n  conjunct ion  w i t h  MP. Buford 
C a r t e r  of  K-25, m d  i n  zccor6arice w i t h  t h e  su&&,estion made by  h l r ,  
Goertzel ,  a pmceGure f o r  solvinL two d i m e m  j.onal relaxation problems 
by a Gauss-Seidel i t e rs l t  ion procedilre on s t anda rd  13P.I equipment has 
been worked out .  The procedure c o n s i s t s  of r ep lac ing  t h e  d i f f e r e n t i a l  

__cII - -..- -.. . .-- . 



U 
equat ion  t o  be s o l v e d  by a difference equat ion  over  a f i n i t e  
l a t t i c e ,  assuming a set of values of  t h e  func t ion  whose s o l u t i o n  
is  t o  be determined, and i t e r a t i v e l y  c o r r e c t i n g  each v a l u e  i n  
t e r n s  of i t s  neighbors .  Boundary c o n d i t i o n s  a r e  s e t  numerical ly .  
Each l a t t i c e  po in t  i s  r ep resen ted  by  an IBP.4 card ,  on which i s  punch- 
ed .  t h e  va lue  of  t h e  func t ion  a t  t he  l a t t i c e  po in t  and a t  t h e  f o u r  
n e a r e s t  ne ichbor ing  p o i n t s  i n  a square  l a t t i c e .  A c o r r e c t i o n  is 
then made on each po in t ,  new values  punched, and t h e  process repeat- 
ed u n t i l  a convergent s e t  is obta ined .  

The sample problem be ing  considered i s  t h a t  of 
a squar% p i l e ,  32 crn p e r  side, i n  a square r e f l e c t o r  32 cm th i ck .  
Constants  of t he  reg ions  have been a r b i t r a r i l y  chosen t o  bc i n  
t h e  same o r d e r  o f  magnitude as  many p i l e  problems. This problem 
is being done a c c o r d h g  t o  t n e  one g roup  p i c t u r e ,  and i s  complicat-  
ed by t h e  n e c e s s i t y  &r determining a c r i t i c a l  buckling. However, 
t h e  contemplated d c t a i l e d  procedure w i l l  co r r ec t  t h e  buckl ing  and 
tes t  f o r  convergence s imultanaously,  End cozsequent ly  t h e  c r i t i c a l .  
cond i t ion  does no t  r equ i r e  any e x t r a  time. 

The o c t a n t  which i .E  bein& t r ea t ed  i n  t h e  problem 
fsymmstry ci2ridjtions reduce it  t o  a s i n g l e  o c t a n t  r a t h e r  t han  t h e  
f u l l .  square)  has 9 1  l a t t i c e  p o i n t s  w i th  Q spac ing  of  4 cm. between 
po in t s .  l$r. Carter Gs t imtes  that i? s i n l _ l e  i t e r a t i o n  f o r  t h i s  
number of p o i n t s  should take bctwqen $ and 1 hour on t h e  K-25 
rcac h i  ne. 

I n t e r n a l  Conversion Ca lcu la t ion  - (C. Goer tze l ,  B. I. Spinrad,  
&j, Dismuke, hi. K, hullings, T. h. Mul l ikcn) .  The conputat ion 
of  internal conversion of  y radiation in t h e  K s h e l l  has reached 
t k  f ' i n a l  staces o f  p repe ra t ion  f o r  machine coding. 'ihis can- 
Lut2,tion u s e s  R reduced formulation d e r i v e d  from t h e  fomiulae g iven  
i r! h:onP- 42 E, 

_- I-m-.." -. - --....-I- C .-v- *1- 

There i s  cons ide rab le  manual conputa t ion  necess- 
a r y  be fo re  tl-lep-oblem caii convenient ly  be s t a r t e d  on a machine. 
The extent of t h i s  hand cornput2tion is ,  however, d e p e n d w t  upon 
t h e  f i n a l  d e c i s i o n  as  t o  which machine is t o  b e  used  f o r  t h e  



- 
ca lcu la t ion .  T h i s  i s  due t o  the fact t h a t  because t h e r e  a re  
many ope ra t ions  ind ica ted  ( r a i s i n g  a complex r,umber t o  a complex 
power and i n t e r p o l a t i n g  r f u n c t i o n s  o f  complex argument are the  
two most t roublesone)  wnich, while favorable  onza time cornperison 
f o r  machine computation, requi re  t he  use  o f  a l a rge  ex t r a  amount 
of t a b u l a r  ciata and o r d e r  seqaencing. The cost  of the  ex t r a  
machine time invo lved  has not y e t  been es t imated .  

A l i s t i n g  o f  t n e  problems auxi1ia.z.y t o  the i n t e r n a l  
conversion calculation follows: 

I. P r e p a r a t i o n  of a Flow Sheet. The f i r s t  s t e p  i n  any  prepara t ion  
of  a problem f o r  machine computation i s  t h e  r ep resen ta t ion  i n  a 
dia6ratnrriatic form of' t h e  sequence of operations requi red  t o  ge t  
t h e  answer, This "flow sheet"  g ives  an o v e r a l l  view o f  t hepob lem,  
t r a c i n g  out t h e  internledidte s teps ,  and o u t l i n i n g  i n  a general 
way t h e  l i n e a r  sequence of opera t ions  r equ i r ed  and the contents  o f  
t h e  s torage p o s i t i o n  as t h e  opera t ion  proceeds. 

\ -I-.. . ...--. >" .-*. -_ ---- ....&.#...I -- --- 

11. Decision a s  t o  hhich Cases are to be  Computed. The p a r t i c u l a r  
r ep resen ta t ion  of the hypergeometr ic  s e r i e s  which we have chosen as 
"------I- ----I--. -_-- *..-c- ..C e.+...- . .^ _c- ---_- +*--c - . -,- ._.-_ 

most u s e f u l  i s  canverGent o c l y  f o r  t h e  case i t l .  > 1/2. Since t h e  
hypergeonetric s e r i e s  eva lua t ion  ijs t h e  l a r g e s t  p a r t  of t h e  ca lcu la-  
t.ion, and s i n c e  t h e  conver6ence of tne hbpergeometric Feries i s  
roughly a s  i s  t h e  geometric s e r i e s ,  and  hence slow f o r  lcl, near  
1/2, we have decided t o  keep I C }  > 1 as much as poss ib le .  T h i s  
i s  one l i m i t a t i o n  on the po in t s  t o  be computed at present ,  and 
corresponds t o  i? lower 7 energy bound f o r  @veri Z (atomic number). 

Classical  forniulae p red ic t  t h a t  t h e  i n t e r n a l  oonversion 
c o e f f i c i e n t s  w i l l  vary rou4,hly w i t h  Z3 and l / k ( k  = y-energy). 
k e  have usca t h i s  as  a spacing c r i t e r i o n  f o r  po in t s  i n  2-k space, 
d i s t r i b u t i n g  them p r o p o r t i o n a t e l y  t o  Z' and I f k  s o  t h a t  i n t e r -  
po la t ion  may most  conveniently be performed OII t h e  answers. 

J 



Messrs. Stou&hton, Rose, and Ceaenedett i were consulted 
t o  deteminc whether the  poif i ts  chosen were Qsefu l  i n so fa r  as they 
corresponded t o  regions cf t h e  2-k plane i n  which y- rad ia t ion  
i s  known to exist. It was found t h a t  some of  the more important 
rce.jons corresponded t o  p o i n t s  f o r  which 1/2 5 < 1. Con- 
sequent ly ,  a few p o i n t s  i n  t h i s  "slowly converging" region were 
added, 

Lastly,  t h e  k used for ~i given 2 weirt so chosen as t o  
y i e l d  va lues  of f i  which were even 1/20 i n t e g r a l  values ,  
done so 8 s  t o  a v o i d  mrnuch as possible two-dimensional i n t e r p o l a t i o n  
of 
The computation of these k and b was done by hlrs, W l l i n g s .  

This  was 

r func t ions  f o r  which ,& is  the imaginary part of the argm-ent. 

A t ab l e  of points tentatively chosen is given below. 
Poin ts  marked w i t h  an a s t e r i s k  are i n  the region of poor  convergence 
of' the  hypergeometric s e r i e s ,  k's a r e  g iven  in m c2 units, 

Z :  
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P o i n t s  of  h ibner  m e r g i e c  can 'cc added w i t h  not  t oo  much 
d i f f i c u l t y ,  i f  one uses a less r e s t r i c t e d  condition on t h e  f i *  
For t he  p r e s e n t ,  thgse are  be ing  neg lec t ed  u n t i l  a comy;arison of  
lower energy p o i n t s  w i th  n o n - r e l a t i v i s t i c  results has been obta ined ,  

111, Check on Frocedure by Prefirr , inary Coding and Tirr,e E s t i n a t e  on 
a Sa=& Pmblem, I n  o r d e r  t o  check the  v a l i d i t y  of  tile procedure 
o u t l i n m t  i n  t h e  flow s h c e t ,  and t o  o b t a i n  a reasonable time e s t i m a t c  
f o r  t h e  procedurc,  it i s  necessary  t o  do a manual c o n p t a t i o n  on a 

I----- -f-.--.̂ - _I- ~ _- ._._-- - -_. .- ._I -- ----- .. ----. - -.-- "--- .- -.-- _. ." 
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sinG;le case from a coding d e r i v e d  from t h e  flow sheet, 
t h r e e - a d d r e s s  code WES devised, and t n e  flow s h e e t  conver ted  i n t o  
a coding by L ' m ,  Dismuke. A sample card ,  with explane t ion ,  i s  
g iven bc low: 

A s imple 

&o In 
_I- 

24 
13 
22 

1," 

O p e n u  

70 

S t o r e  A t  --- 
1 2 

12 
34 
I f  + go t o  # 1 
I f - GO to rlii s 

'This c a r d  i s  an i t e r a t i v e  square root ink  sequence 
(sequcncc. #l), The numberc i n  t h e  f i r s t ,  second, and f o u r t h  columns 
refer t o  eddres scs  in t h e  i n t e r n a l  menory, by which t h e  numbers 
(siGncd, cr w i t h  sig,n modified 8 s  i n  tine cottom line) m8.y be 
i j e n t i f i e d ,  
on a r i t m i ~ t i c a l l y  by t h e  nwnber i n  t he  address  g i v e n  by the second 
c ~ l m n  accord ing  t o  the  ope ra t ion  i n  t h e  t h i r d  column, The f o u r t h  
columi 6,ives t h e  address i n  wnicn t h e  r e s u l t  i s  s tored .  A t y p i c a l  
t r a n s f e r  ordier, az i n  t h e  next  bot tom l i n e  above, s i m p l y  s h i f t s  a 
number., wi thout  ope ra t ion ,  to  znother  storage pos i t i on .  The end 
of a sequence i s  i n d i c a t e d  by a w i t t e n .  o rde r ,  t e l l i P G  which 

The first column g i v e s  a number which i s  to be  operatcd 
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s e q w n c e  t o  procsed  t o .  I n  t h i s  case, t h c  number whose r o o t  i s  wanted 
i s  l o c a t e d  i n  position 24, arid t h e  r o o t  found, a f t e r  convergence, 
i n  34. 
gence l - ini t  ( i n  t h i s  case ,  10') for t n e  operation. 

The number i n  3 C  i s  1/2,  and t h e  number i n  70 i s  a conver+ 

The s torage  spaces  have been s e t  up on a blackboard,  and 
t h e  coding co rp le t ed .  TLlrs. Dismuke and Pir, Mulliker,  are  now en&aeed 
i n  going Chrcugh a sample case. P resen t  i n d i c a t i o n s  are  t h a t  t h e  
flow s h e e t  i s  e s s e n t i a l l y  c o r r e c t ,  and t h a t  previous e s t i m a t e s  as 
t o  machine t ime a m  probab ly  h ibh .  
two weeks. !has. Hul l inLs  has  a l s o  p a r t i c i p a t e d  i n  t h i s  work. 

T h i s  copputa t ion  should take about  

It has been found t h a t  the  ? w h i n e  coding scheme is f e a s i b l e .  
'The procedure r e q u i r e s  two people ,  one r e a d i n g  the  o r d e r s  and work- __, 

irg a Fr iden  c a l c u l a t o r  ( t h e  analcgs, r e s p e c t i v e l y ,  of t ne  o r d e r  
t a p e s  and t h e  a r i t h m e t i c  c r g a n s  of  a sequence cotrputer) ,  and one 
func t ion ing  a s  a memory r eco rde r  ar,d i n t e r p r e t e r .  

'The computation i s  be ing  done f o r  t h e  case 2 4G, 
k = ,275251, It i s  hclped t h a t  t h e  answers will check non-relativis- 
t i c  fo rmula t ions  s u f f i c i e n t l y  well t h a t  t h e  remaining c a l c u l a t i o n s  
f o r  2 = 4G will n o t  need t o  ze performed. 

I\-. Cornputat ion of  Fre1ir::inary Constants ,  E'lrs. Hu l l incs  has comput- 
eti  many of t n e  simple c o m t a n t s  which are  func t ions  of 2, k,  and J 
f o r  t he  cases  w e  in tend  t o  do. I f  it is decided not t o  use machine 
t a b l e  look  up, cons iderable  hand i n t e r p o l a t i o n  o f  r - f u n c t  ions and 
of f r a c t i o n z l  and complex powers of nunbcrs  i s  required, 

-*-I - ---.......,--..---- ..-..-e . . L .. e--- - I..... I+..^. 



SHIELDING PROGRAM 

E. P. Rlizard, Physics Division, Leader 
T, Rockwell, Technical Division, Associate Leader 

The Physics Division's Shielding Program has been mer@ 
Identical reports w i t h  tkeTec ra i ce1  Division's Shielding Psogrw., 

o f  - the work a re  included in both Divisions' Quarterly Reports,  

Addi t iona l  personnel  have been obtained, test facilities 
are  being expantled, and more space f o r  the making up of test 
samples: is being provided, It is expected t h a t  an increased 
mount  of engineerkng d a t a  can be produced and attenuation measure- 
ments will be more clean-cut. 

sh ie ld ing  Symposium - (Rockwell} Plans ? r e  being made for a 
clsssified Shie ld ing  symposium to be held at Oak Ridge Kational 
Laboratory September 27 through Z@, 194-8. InvitEtions have been 
s e n t  t o  ,persons at n e a r l y  fifty different l oca t ions .  Indicetions 
are t h a t  over  a hundred persons w i l l  a t t e n 3  t h e  symposium, 

The purposcs  of the symposium are to cover ac3 cbmp16tely 
as p o s s i b l c   ti:^ field of shicsldiEg. Some of the items t o  be dis- 
cussed w e :  

1. The prabl.ems of r eac to r s ,  stationary and mobile; 
bomb protect ion; isotope shipping; a c c e l e r a t o r  chielding, etc.  

2. Organizations with shielding problems,  but  n o t  necess- 
arily shielding programs, U. S. Navy E w e a u  o f  Yards and Docks, 
MkC2:; e t  al. 

2,  Crpanizations w i t h  p rogrms  or facilities potentially 
t lseful  to snicldinc;  research, but  not  necessarily with  shielding 
problems,  E, g. B e t t e f l e ,  Fans tee l ,  et 31. 

4, PrescntatioE of what d a t a  have so far been accumlated, 

- 104- 
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A l l  o f  the  t a l k s  w i l l  be w r i t t e n  up i n  advance and bo-tind i n t o  a s i n f ; k  
reference book t o  b e  d i s t r i b u t e d  t o  the  visitors before t h e  sympos- 
ium. 
information shee t  o u t l i n i n g  what manpower and f a c i l i t i e s  it has 
which might be of  use t a  the  sh i e ld ing  program. 
reference book, a great many t o p i c s  which will not be d i scussed  
formally will be w r i t t e n  up and included in  t h e  re ference  book. 

I n  a d d i t i o n ,  each o r g m i z a t i o n  has zgreed t o  Rake up afi 

To  round out  t h e  

The national shielding committee, proposed by Dr, J, E. 
F i s k , .  is being org;anized under t h e  guidance of  Drs, % e i l  and Gzra- 
bedian a n i  will h o l d  i t s  f i r s t  meeting during t h e  symposium. 

Core Eoles  Through Oak Ridge F i l e  Fhield - (Hockwell, J. Goodman, 
DiRito) 
s h i e l d  o f  the  Oak Ridgc p i l e  with a s tandard  water - lubr ica ted  
diamond-lined gasoline-driven cpce d r i l l .  ‘The cores from each hole 
are t h r e e  different diameters t G  g ive  c? stertped h o l e ,  and poncrete- 
filled s t e e l  p i p e  plugs have bsen placed i n  tht3 holes ,  providing 
t h r e e  a d d i t i o n a l  t e s t  ho le s  i n  t h e  p i l e  sh i e ld ,  ‘lne purposes  of  
the t e s t s  were: 

Three cores  have been drilled-’completely through the 

1, Ta ciieck t h e  s t r e n g t h  of  the  Oak Ridge s h i e l d  end 
t o  see whcther i t  i s  hecanin& dangerously weak. 

2- Tln d ? t e m i n e  the  e f f e c t  of f i v e  years’  r a d i a t i o n  on the 
inside f a c e  of t h e  concrete;  o r  more prcciscly, t o  p l o t  such c r i t e r i a  
as s t rength ,  c h c m i d  composition, s p c c i f i c  c r e v i t y ,  against  distance 
from t h e  insi6e face.  

2. To ob ta in  accurzte chemical. composition da t a  on t h e  
s p ~ c i a i  concrete  of  the  h i e l d ,  p a r t i c u l a r l y  i t s  water content ,  This 
infoiraat ion will d l o w  c v a l u a t  ion of t h e  pemanencc of t he  mechanical- 
1j b o m d  v i e t ~ r  i n  t h e  haydi te  p a r t  o f  t h e  sh i e ld ,  and will provide 
p rec i se  d p t a  f o r  c , t t e x p t i q ;  t o  explain t h e o r e t i m l l y  t h e  measured 
httcnuation t h r c , ~ @ ~  the  s h i z l d .  
the  e f f e c t  o f  strcerninti, oi’ neutrw-is i n t o  t h e  s i i i d d i n g  samples i n  
the  testing hole. 

This in turr ,  will help to evalua te  



0 
The r e s u l t s  i n d i c a t e  : 

1, The r a d i a t i o n  has had no e f f e c t  on the  concre te  back 
o f  the  f i r s t  six inches,  and probably l i t t l e  effect  i n  the f i r s t  
s i x  inches.  

2. The hbydite cement has l o s t  c o n s i d e r a b l e  water a t  
t h e  o u t e r  f a c e s  nwt ,  t o  t h e  bituminous seal ,  This sea l  seems t o  
be i n  good condi t ion ,  bu t  apparently has not prevented. t he  escape 
o f  watcr ,  

3. The s t r e n g t h  of  t he  regular  concrete  on the  i n s i d e  
an6 o u t s i d e  layers  of  the  s h i e l d  i s  quitrj  low, a l though not  dan- 
gerously so -- around 2000 p s i ,  

4. The dens i ty  of t h e  h a y d i t e  s h i e l d  is below speci- 
f i c a t i o n s ,  about 2.2, b u t  t h e  s t r e n g t h  is  c o n s i s t e n t l y  w i t h i n  speci-  
f i c a t i o n s ,  cbout 2600 p s i .  These are pre:Linbfnsry d a t a ,  and are  sub- 
j e c t  t o  modi f ica t ion  as  t h e  work i s  complettld. 
c o r e s w i l l  be ball-milled and samples taken  t o  9rovj.de B n  accura te  
p i c t u r e  of  t h e  chmica3. composition, 
w r i t t e n  on t h e s e  t e s t s .  

Several of  t h e  

A complete r e p o r t  will be  

Oak RidLC Pi?!.e 3h ie ld  Tec t  - (Shor, Cass idy) .  At tenuat ion  t e s t s  
have been run on t h e  Ozk Ridge P i l e  Shield, us ing  one of  the ebove 
core  d r i l l i n g s ,  C m c r e t s  cores  were f i t t e d  wi th  f o i l s  f o r  neut ron  
d e t e c t i o n  an6 p l a c e d  i n  t h e  hole. Interstices were f i l l e d  w i t h  
weter. The s h i e l d  &sorbed  considerable vmter from the  t e s t  
hole ,  s o  t h a t  t he  resul ts  were not truly c h a r a c t e r i s t i c  of  t h e  
s h i e l d  i n  i t s  p re sen t  d r y  s ta te ,  Curing t h e  t es t s ,  t h e  d e n s i t y  cf  
the  s h i e l d  increased Z.3% duc t o  wzter absorp t ion ,  
neutron st tenu2, t icn i s  shown i n  f igures  1 znd 2. 

The e f f e c t  on 

&+,&XI Concrete 

At tenuat ion  T e s t s  w i th  F i s s ion  Source- ( B l i z a r d ,  C l i f fo rd ,  Sleeper, 
Cassidy, T. A m e t t e ) .  A s  a r e s u l t  of d i scuss ions  wi th  Gale Young 
and o t h e r s  i t  was decided t o  measure t h e  attenuation of NO concre te ,  

-.-- *..- 
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(see ORKL-I?; 32, f o r  d e t a i l s  o f  this material) for a more nea r ly  
pure fission spectrum. Accordin&, two t e s t s  have beer, rufi i n  
t n e  w e s t  face co re  hole ,  o m  w i t h  a p l a t e  of  n a t u r a l  uranium a t  
t h e  p i l e  f 2 c e  of  t h e  Mo sample, Run 30, t h e  o ther  without, Run 
31. The arrangements are shown i n  Figure 3 .  The difference i n  
flux f o r  the  two runs should  be d i r e c t l y  attributable t a  t he  f i s s i o n  
source. The uranium was introduced i n  t h e  form of c y l i n d r i c a l  s lugs ,  
about 4'' long, by l L l . t '  diameter, a11 held  in  p lace  by lead c a s t  
around them. The lead  had a dual purpose.  It served t o  hold the 
slugs i n  the  des i r ed  array,  and a l s o  served as  propec t ion  t o  person- 
n e l  wher, the r a d i o a c t i v e  p l a t e  wes removed from t h e  p i l e ,  

In the second run, Run 31, t he  uranium and lead p la te  
were replaced by a 2" t h i c k  lead p l a t e ,  t o  simulate t he  eff3ct of 
t h e  source plate on the p i l e  r ad ia t ions .  The s i m u l a t i o n  was not 
per fec t .  The lead w i l l  a t tenuate  & m a s  l ess  than uranium, the  
e f f e c t  being approximately p r o p o r t i o n a l  t o  t h e  ;two c k n s i t i e s .  The 
d e n s i t y  r a t i o  is 1.16, Pb f U t o  Pb. The ureniwn will, of course, 
absorb a large fraction o f  the  thcrmal  n e u t r m s  fmni t h e  pile, To 
simulate this absorption, the  2" of Pb was coa ted  w i t h  B4C on the 
face away from t h e  p i l e ,  

70 a t ; tec t  thermal neut ron  flux thin gold  f o i l s  were wrapped 
around selectee slugs, others  were fastened on f ront  and back of  
t h e  2" slabs, znd s t i l l  o the r s  were d i s t r i b u t e d  throughout  the hiI0 con- 
c r e t e  as d e s c r i b e d  i n  OmL-32. 'rhexrnal neutrons were a l so  observed 
on a. boron-filled ion  chamber loca ted  a t  t h e  core  hole  e x i t .  

F a s t  neut ron  f l u x  was observed by means of small indium 

Only a-few of these readings were 
foils in Elo holders .  
neutrons,  above about 0.5 nev. 
t 8. kcr1. 

The 4.1 hr- a c t i v i t y  is ifiduced by f a s t  

Cmnma intensit) V J ~ S  observed by fllm exposure, by Geiger 
coun te r  measurcmants behind success ive  sMld blocks ,  as desc r ibea  
in OKT\jZ-32, and by 8n a i r - f i l l e d  i o n i z a t i o n  cbamlcr l oca t ed  a t  the  
core hole  e x i t .  
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The d.ata . ere being; analyzed. The r e s u l t s  should be 

available soon and w i l l  be t he  subjec t  of a separate repor t .  

Construct ion-Scale F w r i n g  Tests - (Rockwef.1, Krum, Goodman). Nearly 
f o r t y  tons ,  o r  eight cubic yards ,  of MO concrete w e e  pctured in t e s t s  
t o  determine i f  t h i s  concrete  can be  handled in s tandard  Por t land  
cement lizndl ing  eyuiprrient. 

?'he transit ;  truck mixer w e d  in t h e  t es t s  was b u i l t  t o  hold 
twelve tons  of  Pc r t l and  cement concrete .  ]:hen loaded wi th  about 
e ight  t ons  of MO concrete with s t e e l  punchings, the mixer  s ta l led .  

The t ruck  was able t o  handle on ly  f i v e  t o n s  o f  MO concre te .  
Figures 4 and 5 show the t es t s  'ceing conducted. D i f f i c u l t y  was en- 
countered w i t h  t h e  concretc pump when it was attempted t o  pump t he  
MO t h o u @  an e'' s t e e l  p i p e  abop t  2CCi f e e t  long and with a !jC f o o t  
r ise ,  I n s u f f i c i e n t  power couLC Le suppl ied.  The purrtp could be 
turned  by rotation of the  f'.lywtrecls by hand i ~ d i c t ~ t i q & ,  l a c k  o f  power 
r a t h e r  than t o  too  stiff a mix. 

Qn wme t e a w  the  concrete  s e t  v e r y  r a p i d l y ,  ThiS bas been 
a t t r i b u t e d  t o  tlno a c t i v e  dg$, 
Cement Assncicttim i?st,lure us t h t  f.ess a c t i v e  SlgO can be supp l i ed  as  
desired. Yo=. t . - i ip  reason the l a rge  scr-ile t e s t s  have been discontinQed 
u n t i l  l ess  z c t i v e  L?zO is  received, 

Hepresentat ives  o f  t he  Oxychloride 

The workability, cohesiveness, and lack of segregation of 
the  mix was noted w i t h  r p p r o v a l  bq the  cxperienced cons t ruc t ion  
f i e l d  men who observed t h e  ~vork. 
abso lu t e ly  no d i f f i c u l t y  i n  the use of t h i s  material in large scale 
work. 

Iixperienced personnel  would have 

A s e n s i t i v e  p o s i t i o n  recorder  has been developed which w i - 1 1  
be used tocbserlve shrinkage m d  expansion of concretes dur ing  s e t t i n g ,  
from which thermal expansion c o b f f i c i e n t s  can oe ca lcu la ted .  A 
large cons tan t  temperature  criamher has been obtained. t o  hold the  
e n t i r e  sample  and holdinc j i.6. 

- 1.12- 
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with a T3I;', proportional counter  were used t o  extend the  data on 
themmls t o  1ZG erns. Chld f o i l s  were a l s o  u ~ e 6  i n  the  region close to 
t h e  source t o  determine f l u x  in terms of a s t a n d a r d ,  and also t o  
compare t h e  distribution shawn by gold  w i t h  t h a t  f o p  indium. The 
distribution shown by gold was identical with  t h a t  from indium. 

F i g m e  E shows t he  f l u x  measured along t h e  center line of  
tne  tank, Both  Cd covered and bare f o i l s  readings out to a distance 
of 120 ems a r e  shown. 
equal f l u x  i n  t h e  v e r t i c a l  centezline p l a n e .  It is ev ident  from t h i s  
figure t h a t  t ransverse  leakage o f  neurtrom becomes important a t  40 
cms and beyond, 

Figure 7 is a neutron map showing l i n e s  of 

Figure '.8 shows the  cadmium r a t i o  f o r  indium f o i l s  a long 
t h e  centerline of  the tank. 

Cor re l a t  ion Between OF%L and Cnica..go Gmna Attenuation Data - (Sleep- 
e r ,  2'. Arnette, Blizard) . 
t h e  agreement between e a r l y  Chjcaco g~rnrna. d a t a  and recent  da ta  

--, - 
Sone quest f-ons have arisen concerning, 

taker, a t  Oak Ridge Ka t iona l  La 'corator j ,  i'ke analyses o f  t he  corre- 
lation. between Z i n r A  d a t a  (CP-E84) arid our da ta  (ORILL-3%) presented 
i n  O'WTL-%~ s e c x  t o  !=e arni;iguoua. 

p l o t t e d  ic Fip,ure e c f  ORKL-Z.2, shows that t he  change in slope a t  120 
A re -cva lus t ion  of  Zinn's dat'a, 

cm is due to trie absmce  of p a r a f f i n  laminat ions beyond t h a t  point. 
Probably this is due t c  trie diminished rat:e of' production o f  secondary 
gammas. Zinn's data were taken wi th  a S. ii:. counter  presumslbly com- 
p a r a b l e  with t h e  ORIL technique. The r e l axa t ion  l eng th  for t h e  l as t  
20 cm or" iron in Zinn's r:ieasuremerits is  Z.85 cnis, which is t o  be 
compared w i t h  4.47 cms, o b t a i n e d  b] Clifford and P a l l a d i n o  i n  a 
similar experiment (Cent ra l  F i l e s  &o. 47-11-33] . This gives  8 r ab io  
@f *l. 16 between the two relaxation lerigths. f ! - .  . 

Zinn's i ron-paraf f in  data ir idicate a r e l a x a t i o n  length  of 
8.6 ems for a Eanford sh i e ld .  T h i s  is t o  be compared to t h e  v a l u e  of 
16.2 reportec? i n  OWL-32, exhibiting a r a t i o  of 1.184between the 
two measurements, 

Bors i  reported v a l u g s  of 7.9 cm f o r  G. U. measurements and 



- 
6.5 cm f o r  ion chamber measurements OR a Kanford s h i e l d  f acs imi l e  
(CP-1202) on tne b a s i s  of  only two points ezcn, 
i n d i c a t e  a d i f f e r e n c e  Qf about 1776 between t n e  Chicago and DRbT, 
t_'amma r e l a x a t i o n  l e n g t h s  measured wi th  a G. Ill. coulzter, 

The ava i l ab le  d.ata 

A s tudy  of  no te s  and graphs taken from an  unpublished repor t  
by Zinn r evea l s  t h a t  b o t h  ion chamber and G. hi* c o u n t e r  measurenients 
y i e l d  the s a w  equi l ibr ium re l axa t ion  lengths, as  might be expected. 
The measurements f o r  i r o n  were 3.7 cm and 3. e em r e s p e c t i v e l y ,  The 
major d i f f e r e n c e  observed w9.s i n  t h e  abso lu te  vzlue of  t h e  radiation 
i n t e n s i t y ,  d i f f e r m t  by a f a c t o r  of about 10 f o r  t he  two rneesurementc. 
This depcncis on the c o n d i t i o w  cf the experiment, which cannot be 

evaluated from information a v a i l a b l e  here. 

Gammaattenuation measurements have been made a t  O F G i  with 
t h e  G, IS. counter  surrounded by 8" of' l ead ,  except f o r  an open t u b e  
looking  a t  the  core hole ,  The measurements were made 8' from t h e  
p i l e  s h i e l d .  
wi th  t h e  same t u b e  held aga ins t  t h e  s h i e l d  b lock  under  t e s t ,  and 
no significant d i f f e r e n c e s  were observed. 

These measurenents hilve been compared wi th  those  taken 

To s t u d y  t h c  e f f e c t s  of t h e  geometry f u r t h e r ,  a 10 me, 
radium p o i n t  source o f  Gammas was used wi th  the bras s  wal led  G. 2,t. 
tube surrounded by l e a d ,  except  for t h e  opening along i ts  axis.  
Several h o r i z o n t a l  t r a v e r s e s  were taken w i t h  t h e  source at di f f ' e ren t  
distances from t he  counter .  The i n t e k r a l  

was et e l u a t e d  t o  compare t h e  con t r ibu t ion  from a c i r c l e  of 1 E "  r a d i u s  
zt t h e  fou r  d i f f e r e n t  distances. 
a G i v m  d i s t a n c e  from t h e  c e n t e r  l i n e ,  "r" i s  the d i s t ance  of source 
from counter  a x i s ,  and 1C" i s  s h u t  h a l f  t h e  wid th  o f  t h e  core hole. 
At radii 6,:reater t hen  LE", a few CCjuEtS are  r e g i s t e r e d  from t h e  Oak 
Hidce sh ie ld .  In t n e  r 3 2 ~ 3  covered, 93% o f  the counts  were measured 
wi th in  a rad ius  of  14" o r  less, i n 6 i c a t i n g  t h a t  i n  ORliL-,",,2 geometry 
we s r e  measuring t e s t  enield c h a r a c t e r i s t i c s  and not  those  of  t h e  
surrounding Oak Ridge sn ic ld .  

X is t h e  nuniber of counts/n;in at 

- 
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'Yo d a t e ,  measurements indicate t h a t  t h o  most l i k e l y  cause 

of' t h e  d i f f e r e n c e  between Chicago and ORNL d a t a  may be  the d i f f e rence  
i n  Source spectrum, The e x t r a  hardening of t h e  spectrum due t o  
visible sIug array oppos i te  t h e  ORKL core hole  may be  t h e  explana t ion ,  
Borst's measurements were made wi thout  such a l a t t i c e .  

L i d  Yecut - ( C l i f f o r d ,  Blizard), Designs have been completed f o r  the 
Layge water  tank f o r  t w t i n g  sh i e ld  m a t e r i a l s  w i th  a f i s s i o n  source 

- 
a t  the  core !iole e x i t ,  Figure 9 s h o w s  the proposed t ank  i n  place.  
Completiori i s  a n t i c i p a t e d  du r ing  October. It  i s  a steel tank measur- 
ing  about  seven by seven by t e n  feet, with a lead neutrori-window 
opening i r i to  t h e  p re sen t  core  hole,  The tank w i l l  r e s t  on t h e  b a l -  
cony, ti6,ht a g a i c s t  t h e  core-hole through t h e  sh i e ld ,  w i l l  Le filled 
with water,  and  will be open on tori, At t h e  l e a d  window w i l l  be a 
conver te r  p l a t e  made o f  Oak Ridee s l u g s ,  which w i l l  absorb thermal 
neutrons from t he  p i l e  and emit f a s t  ncutrcns. The present core- 
tank, when f i l l e d  w i t h  water, will shut  o f f  t h e  supp ly  of thermal 
neut rons  and a c t  a.s a shut -of f  va lve  f o r  t h e  system, 

h i t h  i3. s l a b  of experirriental s h i d d j n g  Tiater ia l  i n  place,  
gamma and neutron d i s t r i b u t i o n s  d.1 be observed i n  t h e  water back 
c.f the s l a b ,  2 n d  compared w i t h  sirnilsy d a t a  taken wi th  a d i f f e r e n t  
number of s lms.  There are t h r e e  impcrtant f e a t u r e s  of theqrstem: 

'The s-trcstr.ming o f  neutrons from t h e  s ides  w i l l  be 
c a l c u l a b l e  s i n c e  tkie sanipleswL11 be f i v e  f e e t  square and t h e  f l u x  
a t  the edge will be known. 

2.  I n  add i t ion  t o  t h e  usua l  measurement 01' z t t enua t ion  
through each s l a b ,  changes in the spectrum can 8.1~0 Le observed 
from t h e  slow neut ron  distribution in t he  water behind the l a s t  slab.  

3. Samples can be i n s e r t e d  and removed without  regquirfng 
p i15  sriutdown, 

Instrument  deveiopm.ent - ( C 1  i f f o r d )  
s e t  up movable Sb pmrna. source  and a f i x e d  EtaBe ileutron source t o  

An arrsngemen-t i s  being made t o  * 

i n v e s t i g a t e  t h e  e f f e c t  of gamma f l u x  on neut ron  d e t e c t o r s .  An attempt 
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w i l l  be made du r ing  t h e  d a b  tes t  referred t o  above, s e c t i o n  e n t i t l e d  
"Tests of MC Concrete" , t o  use aluninum fo i l .  f o r  d e t e c t i n g  f a s t  
neutrons.  It is  a n t i c i p a t e d  t h a t  t h i s w i l l  r equ i r e  some ingenui ty .  

I f  t h e  schedule  permits ,  measurements will be taker, i n  
t h e  water tank  f i l l e d  wi th  sa tu ra t ed  BZO, s o l u t i o n ;  it i s  hoped 
t h a t  sone informatiun can be gleaned on t h e  e f f e c t  of boron on the 
gamma f l u x  through a sh ie ld .  In  t h i s  connection, an  at tempt  has 
been made t o  measure the C.5 kleV gmmns which have been r epor t ed  t o  
result from SC% of t h e  n e u t r o n  captures  i n  boron. T h i s  has been 
q u a n t i t a t i v e l y  measured by only  one experimenter,  but t h e r e  i s  
gmd indirect evidence of i t s  existence, PA aluminum-walled, a i r -  
f i l l e d  ion chamber wss  c z l i b r a t e d  f o r  0.5 MeV earnmas a t  t he  Nat iona l  
Bureau of' Standards,  and then  readings were taken i n  t h e  s t rong  m u -  
t r o n  f l u x  i n  t h e  w e t e r  tank ,  
a t h i n  coa t ing  o f  boron over  t he  tube,  and &gain wi th  a t h i c k  coa t inc .  
The readin.Gs were success ivAy  less ,  which would seem t o  i n d i c a t e  
t h a t  a c a p t u r e  gamma was e i the r  not beir ik  emi t ted  o r  n o t  being de- 
t ec t ed .  
ci?.bly less th..an t h e  r a n p ,  of C.5 MeV garmas. 
t h a t  t h e  gamma may b e  n i g h l y  converted. 

c: 

Tke ne:mmx-nents were repea tedwkh 

The thickest coa t ing  p l ~ s  t h e  chamber v\ ra lL  was s t i l l  appre- 
K. hay has suggested 

Bat te ry  Test - (Clifford, T. Arne t te ) .  A r e p o r t  has been wr i t te l l  
(ORhZ-lCE} wh ich  desc r ibes  t h e  experiment, Data a r e  presented  
on b a t t e r y  behAviour Curing and a f t e r  expowre  t o  r a d i a t i o n ,  and n 
mu& es-timate i s  made of i t s  r a d i a t i o n  a t t e n u a t i o n  p rope r t i e s .  

Other hork i n  ESro6;ress 

Early Attenuat ion  Data - (B l i za rd ) .  At tenuat ion  da ta  on Port land 
concretes with i ron  aggregctes and vary ing  perccntakes of boron had 
h i t h c r t o  been repor ted  o n l y  i n  the  Quartcly Reports. 

being prepared more completely i n  GPXL r ,p  o r t  form. 

* CIL 

This  i s  now 

Diffus ion  o f  Gmma R x -  ( E l i z a r d ) .  
made r e c e n t l y  on t h i s  work. 

No s i g n i f i c s n t  progress has been 

V 

Boron Coatin%- (Rockwell}. The l i t e r a t u r e  s t u d y  of boron coa t ing  

= 
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techniques has been continued. 
conducted r ecen t ly .  

KO a c t u a l  l a b o r a t o r y  work has been 

S t a t u s  Report on Shielding - ( E h t i r e  G~oup}.  A complete sumnzsry 
r e p o r t  i s  being prepared.  It is  hoped t o  analyze c r i t i c a l l y  a l l  
ORfu'L sh i e ld ing  experience. 

Improved Isotope Shipping Containers  - (Clifford, Hockwell). Experi-  
ments have keen run on 
a l i n e  source of r a d i a t i o n  r e t h e r  than  a p c i n t  source,  s i n c e  cal-  
c u l a t i o n s  i n d i c a t e  t l i a t  c o n s i d e r a b l e  g a i n  might be expected with  

L .. : * *  

Im i n  lone p l a s t i c  tubes  t o  simulate 

t h i s  sys t em under several  cond i t ions .  'The p l a s t i c  t ubes  are  enclos- 
ed i n  cardboard  nailinE tubes ,  with orzly a srriall anount of s h i e l d i n g  
needed:  and are  losded  ana unloed.ed with hypodermic needles .  
be ta -emi t te rs  t h e  shield conta ins  no metzls t o  a c t  as x-ray t a r g e t s .  

For 

Some rati izt  ion, hold-up, and a b s o q t  ion d a t a  have been taker,. These 
preliminary r s s u 1 . t ~  look  v e r y  promising. 

Theore t i ca l  hork - (F. Ed Murray),  E'urther studies were made of  t he  
hiGh energy neut ron  f l u x  from a p lane  i s o t r o p i c  soilrce i n  an i n f i n i t e  
c 

rnediim. );hen approximate f '~ r : .u las  have been obtained f o r  t h e  f l u x  
density p e r  u c i t  mesGy i n t e r v a l  due t o  a source energy E ' ,  i n  t h e  
form nv ( Z T 7  ?i, z ) ,  a maxiaurz of  nv may occur  near  t h e  value E' ,  and 
it is corivenient t o  eva lua te  the  int-.,r,.r.al 

which expressiorl  defines h (V, z). 
one dotains from t h e  assurnpt ion of only  grazing collisions w i t h .  0 and 
H t he  formula 

For water  and some? o t h e r  m a t e r i a k  

but  t h e  estimatee o n l y  have been xade f o r  the func t ion  h. 



- 
T h e r m 1  neut ron  densities may b e  estimated frorz the i n t e q r a l  over  the 
source  spectrum ( f  (E') d E ' )  

if variations in age nea r  t h e  high energy pa r t s  of t h e  spectrum 
can be neglected. 
to i t s  importance in estimations of the absolute v a l u e  of t h e  
thermal f l u x . 8 t  any point. 

Analyses of t h e  f a c t o r  h ( E ' )  are  being made due 
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TILEORETICAL PHYSICS . 
b;. E. Rose 

The Problem of  Rozarizing Kuclear Spins. Considerable s tudy  was 
made o f :  

(a) hlr:tbod.s whersby n u c l e s r  sp ins  may b e  a l igned  

( b )  Experiments 7tihich might be'. performed w i t h  such a l igned  
nuc le i .  

Under (a)  both d i r e c t  coupl ing of' nuc lea r  moment and 
external f i e 1 6  znd hyperf ine s t r u c t u r e  coupling of n u c l e i  with tho 
magnetic f i e l d  produced by the  e x t r a  nuc lear  e l e c t r o n s  was consider- 
ed;  The l a t t e r  method would s impl i fy  t h s  problem cons iderably  i f  
n u c l e i  w i th  l:fs s p l i t t i n t s  of o r d e r  0,1 crc-l- i n  t h e  ground s t a t e  
can be found, This  h f s  coupl ing scheme would work o n l y  w i th  para- 
magnetic subFtances.  

Unaer ( b )  cons ide rz t ion  was given t o  s c a t t e r i n g  experi-  
ments decikncd t o  y i o l d  information about t h e  s p i n  dependence of 
nuclear fort(>:, A t  thcrrsal enercies where d i f f r a c t i o n  e f f e c t s  
occur, sca t tc r inc ;  with and without p o l a r i z a t i o n  o f  n u c l e i  and/or 
neutron would y i e l d  a l l  information aboi l t  s p i n  dependence which 
could be  dcsired.  Fzirly l a r g e  changes of coherent s c a t t e r i n g  could 
be expected where the sp in  dependence of t h e  fo rces  is pronounced. 
For h igher  energy neut rons  t h e  change i n  s c a t t e r i n g  i s  of t h e  o r d e r  
of  t h e  product of nuc lea r  and neutron p o l a r i z a t i o n s ,  I f  t h i s  can 
be  made large enouCh one can g e t  bo th  s c a t t e r i n g  ampli tudes as a 
function o f  energy. T h i s  depends on obta in ing  polarized neutrons 
a t  a l l  e n e r g i e s  which czn be done i f  nuc lezr  paramagnetism i s  
achieved. The ds te rn i ina t ion  of arhgdar momenta of l e v e l s  of corn- 
pound n u c l e i  muldbe  a comparatively s t r a i b h t f o r w m d  m a t t e r  w i th  
polarized nuclei and neutrons po la r i zed  a t  resonance energ ies .  
The l a t t e r  aLain is a p o s s i b i l i t y  with aliqncd nuclei. 

T h i s  work was t h e  b a s i s  of a talk Civen at t h e  Oak Eidge 
Conference on Low Temperatures and Piuclear. Physics on August 7, 
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