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I NTRODUCTION AND SUMARY 

Y 

The u n c l a s s i f i e d  s e c t i o n  o f  t h e  P h y s i c s  D i v i s i o n  P r o g r e s s  R e p o r t  f o r  
Ju ly -Sep tember  1949,  is p r e s e n t e d  h e r e w i t h ,  The c l a s s i f i e d  work i s  d e s c r i b e d  
under s e p a r a t e  cove r  (ORNL 4 8 0 ) .  

The p a s t  q u a r t e r  was marked by p l e a s a n t  and p r o f i t a b l e  a s s o c i a t i o n  w i t h  a 
number o f  summer v i s i t o r s .  These i n c l u d e d  D. 0. C a l d w e l l  (UCLAI, L. W .  Cochran 
( U n i v e r s i t y  o f  Ken tucky) ,  S. M. Dancoff  ( U n i v e r s i t y  o f  I l l i n o i s ) ,  E.  F e e n b e r g  
(Washington U n i v e r s i t y ) ,  A.  B. Lewis ( U n i v e r s i t y  o f  M i s s i s s i p p i ) ,  H. W. Newson 
(Duke U n i v e r s i t y ) ,  Rose  Mooney ( S o p h i e  Newcomb C o l l e g e ,  T u l a n e  U n i v e r s i t y ) ,  
G. C. P h i l l i p s ,  J .  R. Risser  and C. F. S q u i r e  ( R i c e  I n s t i t u t e ) ,  E r i c  Rodger s  
( U n i v e r s i t y  o f  A l a b a m a ) ,  N .  T r a l l i  and  J. J a c k s o n  (New York  U n i v e r s i t y ) ,  
M i l t o n  Marney (Wake F o r e s t ) ,  T.  W e l t o n  (AEC) and  G. Young (NDA). 

Scintillation Spectrometry. Decay times o f  t h e  l i g h t  from phosphors  have 
been measured a s  a f u n c t i o n  o f  t e m p e r a t u r e .  For a n t h r a c e n e ,  t h e  d e c a y  t ime 
e x t r a p o l a t e s  t o  z e r o  a t  a b s o l u t e  z e r o .  The p o s s i b l e  i n f l u e n c e  o f  t e m p e r a t u r e  
upon t h e  l i g h t  t r a n s m i s s i o n  o f  t h e  g l a s s  e n v e l o p e s  o f  t h e  m u l t i p l i e r  t u b e s  i s  
b e i n g  i n v e s t i g a t e d .  

The 5819 p h o t o m u l t i p l i e r  t u b e s  a r e  found t o  have p h o t o s u r f a c e s  which a r e  
n o t  u n i f o r m l y  s e n s i t i v e  from r e g i o n  t o  r e g i o n ,  A t e l e v i s i o n - l i k e  s c a n n i n g  
d e v i c e  h a s  been deve loped  by which t h e s e  i r r e g u l a r i t i e s  a r e  q u i c k l y  d i s p l a y e d  
on an o s c i l l o s c o p e  s c r e e n .  

The r e s o l u t i o n  o f  t h e  s c i n t i l l a t i o n  s p e c t r o m e t e r s  h a s  been  improved S O  

t h a t  t h e  w i d t h  o f  a c o n v e r s i o n  l i n e  a t  h a l f  maximum now i s  13 p e r c e n t  o f  t h e  
e n e r g y  o f  t h e  l i n e .  

The b e t a  and gamma s p e c t r a  o f  K 4 0  and Er i s shave  been examined. 
“Hot Lab”1Manipulator. A s m a l l ,  i n e x p e n s i v e  e l e c t r i c  motor  h a s  been a -  

d a p t e d  so  a s  t o  y i e l d  a d r i v e  t h a t  c a n  be  s t a n d a r d i z e d  and  a d a p t e d  t o  many 
v a r i e d  t a s k s  i n  r e m o t e  m a n i p u l a t i o n .  

Short-Lived Isomers. A new isomer h a s  been found i n  Lul”; t h e  h a l f - l i f e  
i s  13 x 10”  sec .  O b s e r v a t i o n s  made e l s e w h e r e  o f  a n  i s o m e r i c  l e v e l  i n  Hgw8 
have n o t  been c o n f i r m e d .  - A p p l i c a t i o n  o f  s c i n t i l l a t i o n  s p e c t r o m e t r y  t o  t h e  
d e l a y e d  c o i n c i d e n c e  work i s  b e g i n n i n g  t o  y i e l d  i n f o r m a t i o n  on t h e  e n e r g y  o f  
t h e  r a d i a t i o n s  from s h o r t - l i v e d  i s o m e r s .  

Neutron Diffract ion. The m a g n e t i c  s c a t t e r i n g  o b s e r v a t i o n s  have made i t  
p o s s i b l e  t o  d e r i v e  t h e  r a d i a l  d i s t r i b u t i o n  o f  t h e  f i v e  e l e c t r o n s  i n  t h e  3 d  



s h e l l  o f  Mn".. 
f o r  t h e  s e l f - c o n s i s t e n t  f i e l d  a n a l y s i s .  

Agreement i s  s a t i s f a c t o r y  w i t h  t h e  d i s t r i b u t i o n  a s  c a l c u l a t e d  

A n t i f e r r o m a g n e t i c  s t r u c t u r e  h a s  been  o b s e r v e d  i n  MnO and MnSe a t  80" K 
and i n  Fe,O, a t  t e m p e r a t u r e s  below i t s  c u r i e  p o i n t  a &  675' C, 

C o h e r e n t  s c a t t e r i n g  from s e v e r a l  z e r o - s p i n  n u c l e i  h a s  been s t u d i e d  f o r  
t h e  purpose o f  improving t h e  a c c u r a c y  o f  t h e  measurement o f  c o h e r e n t  s c a t t e r i n g  
c r o s s  s e c t i o n s ,  

Neutron Polarization. A 5/8 i n ,  d i a m e t e r  beam y i e l d i n g  10 ,000  c o u n t s  p e r  
minute  of 70 p e r c e n t  p o l a r i z e d  n e u t r o n s  h a s  been produced,  T h i s  w i l l  be u s e d  
i n  t h e  n u c l e a r  a l i g n m e n t  e x p e r i m e n t s  El 

Cross Section of Gold, T h i s  h a s  been remeasured w i t h  t h e  n e u t r o n  c r y s t a l  
For En = 0.025 epr, i t  i s  found t h a t  vT Z= 1 0 3 . 5  b a r n s  and os = 

Low Temperatures. I t  h a s  been found p o s s i b l e  t o  c o n d u c t  h e a t  a t  0.30 K 
r e a s o n a b l y  q u i c k l y  f r o m a n o b j e c t  on one end o f  a s i l v e r  b a r  t o  a m a g n e t i c a l l y -  
c o o l e d  lump o f  chrome alum on t h e  o t h e r  end  o f  t h e  b a r ,  The o b s e r v a t i o n  i s  
v e r y  e n c o u r a g i n g ,  b e c a u s e  i t  i s  t h i s  a r r a n g e m e n t  t h a t  i s  p l a n n e d  €or u s e  i n  
p a r t  o f  t h e  n u c l e a r - a l i g n m e n t  program. 

s p e c t r o m e t e r .  
7 -6  b a r n s  

Short-Period Activities. The f a s t  pneumat i c  t u b e  h a s  been equ ipped  w i t h  
s c i n t i l l a t i o n  s p e c t r o m e t e r  d e t e c t i n g  e q u i p m e n t ,  so t h a t  t h e  e n e r g i e s  o f  t h e  
s h o r t - l i v e d  a c t i v i t i e s  can  be  measu red .  

Neutron Decay, Because o f  nimprovementsv' i n  t h e  a p p a r a t u s ,  t h e  d a t a  have 
l o s t  some o f  t h e i r  i n t e r n a l  c o n s i s t e n c y ,  

Semi-conductors. The r e s i s t a n c e  of  germanium shows i n t e r e s t i n g  v a r i a t i o n s  
as a f u n c t i o n  o f  t e m p e r a t u r e  d u r i n g  and subsequent .  t o  p i l e  i r r a d i a t i o n .  The 
germanium i s  so s e n s i t i v e  t o  i m p u r i t i e s  t h a t  even  t h e  t r ansmuted  atoms i n  t h e  
l a t t i c e  p roduce  ma jo r  e f f e c t s  upon t h e  r e s i s t a n c e ,  

Van de Graaff. The e l e c t r o n  a c c e l e r a t o r  h a s  produced beams o f  200 pa  a t  
1.8 M e V ,  and smaller  b e a m s a t  h i g h e r  v o l t a g e .  P h o t o d i s i n t e g r a t i o n  of  b e r y l l i u m  
i s  e a s i l y  accomplished,  

Theoretical Physics. Much work h a s  been done on t h e  p r e p a r a t i o n  o f  t h e  
L - s h e l l  i n t e r n a l  c o n v e r s i o n  c o e f f i c i e n t  c a l c u l a t i o n  f o r  f e e d i n g  i t  t o  t h e  Mark 
I11 computer.  C a l c u l a t i o n s  have a l s o  been c a r r i e d  o u t  upon t h e  e f f e c t  o f  t h e  
f i n i t e  s i z e  o f  t h e  n u c l e u s  on b e t a - d e c a y ,  and i t s  e f f e c t  upon i n t e r n a l  con-  
v e r s i o n  y 
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ng measured by a c o p p e r - c o n s t a n t -  
3r a 1P28 p h o t o m u l t i p l i e r  t h e  
u l s e  s i z e  from room t e m p e r a t u r e  
i p  above 0' C .  S i n c e  p r e v i o u s  

tube  had i n d i c a t e d  a c o n s i d e r -  
* a 1P21 t u b e  was i n s e r t e d  and  
b l ower  t e m p e r a t u r e ,  t h e  p u l s e s  
a l i t a t i v e l y  t h e  e a r l i e r  r e s u l t s .  
s may be a t t r i b u t e d  t o  a d i f f e r -  
e n c e  i n  t h e i r  g l a s s  e n v e l o p e s .  
4 t h e  1P28 c u t s  o f f  around 2400 
s t h a t  t h e  p u l s e  s i z e  i s  a c t u a l -  

* t h e  1P21 r e s u l t s  c o u l d  be e x -  
, l o p e  t r a n s m i s s i o n  toward s h o r t  
t h e  r e g i o n  o f  3200 A and below 
g s p e c t r o g r a p h  o f  t h e  Chemistry 

T h e r e  i s  a l s o  t h e  p o s s i b i l i t y  
. i o n  spec t rum toward l o n g  wave- 
change i n  p u l s e  s i z e .  Both o f  

on spec t rum b e i n g  f a i r l y  s t r o n g  
a r e p o r t  o f  Ro th ' ,  a n t h r a c e n e  

and 4700 x .  Measurements w i t h  
n s p e c t r u m  o f  a n t h r a c e n e  a s  a 

0 

t o  r e s o l v e  t h e  q u e s t i o n .  
5. B e l l ,  G. G. K e l  l e y ) .  A u n i -  
f o r  good r e s o l u t i o n  i n  s c i n t i l -  
u n i f o r m i t y ,  and t h e  e f f e c t s  of 

e l d  may be n o t e d  e a s i l y  u s i n g  a 
' a Dumont Type 208 o s c i l l o s c o p e  
3r f o c u s i n g  t h e  l i g h t  from t h e  
hode o f  a t y p e  5819 p h o t o m u l t i -  
w i t h  t h e  f i r s t ,  p e r m i t s  v i s u a l  
l i n t s  on i t s  s u r f a c e .  Two t y p e s  
e h o r i n o n t a l  and v e r t i c a l  p l a t e s  
: t i v e l y  and c a u s e d  t o  p roduce  a 
e p  g e n e r a t o r s .  The s i g n a l  from 
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1- 

t h e  p h o t o m u l t i p l i e r  i s  f e d  th rough  one o f  t h e  v e r t i c a l  a m p l i f i e r s  t o  t h e  g r i d  
o f  t h e  o b s e r v a t i o n  t u b e s ,  S e n s i t i v i t y o f  t h e  pho toca thode  s u r f a c e  i s  i n d i c a t e d  
by t h e  i n t e n s i t y  o f  i l l u m i n a t i o n  o f  t h e  c o r r e s p o n d i n g  p o i n t  on t h e  o b s e r v a t i o n  
tube.  The o t h e r  p r e s e n t a t i o n ,  g i v i n g  a more q u a n t i t a t i v e  p i c t u r e ,  i s  o b t a i n e d  
by d i s c o n n e c t i n g  t h e  v e r t i c a l  p l a t e s  of  t h e  o b s e r v a t i o n  tube  from t h e  v e r t i c a l  
sweep and r e c o n n e c t i n g  them t h r o u g h  t h e  s i g n a l  a m p l i f i e r  i n  no rma l  f a s h i o n .  
V o l t a g e  from t h e  v e r t i c a l  sweep a m p l i f i e r  i s  mixed w i t h  t h e  s i g n a l  from t h e  
p h o t o m u l t i p l i e r  i n  t h i s  s i g n a l  a m p l i f i e r .  The r e s u l t  i s  a s e n s i t i v i t y  c o n t o u r  
map o f  t h e  s u r f a c e ,  i n  p e r s p e c t i v e .  

A s c h e m a t i c o f t h e  d e v i c e  i s  g iven  i n  F i g .  3 and t y p i c a l  r e s u l t s  a r e  shown 
i n  F i g ,  4 .  

ResolutionofScintilEation Spectrometers ( W ,  Goodrich):. Dur ing  t h e  p a s t  
q u a r t e r  a t t e m p t s  t o  i n c r e a s e  t h e  r e s o l u t i o n  o f  t h e  s c i n t i l l a t i o n  s p e c t r o m e t e r  
have  r e s u l t e d  i n  a c o n s i d e r a b l e  improvement.  The w i d t h  a t  h a l f  maximum o f  a 

c o n v e r s i o n  l i n e  h a s  been r educed  t o  12  t o  14% o f  t h e  e n e r g y  o f  t h e  c o n v e r s i o n  
l i n e  e 

S i g n i f i c a n t  improvement was o b t a i n e d  by r a i s i n g  t h e  photocathode t o  f i r s t  
dynode v o l t a g e  from t h e  50 or 6 0  v o l t s  f o r m e r l y  u s e d  t o  150 or 200 v o l t s .  
T h i s  improvement i s  due t o  a n  i n c r e a s e  i n  t h e  a v e r a g e  number o f  p h o t o e l e c t r o n s  
c o l l e c t e d  p e r  i n c i d e n t  photon and t h e  r e s u l t i n g  improvement i n  s t a t i s t i c s .  I n  
t h e  c o u r s e  o f  t h e s e  t es t s  i t  was d i s c o v e r e d  t h a t  s m a l l  magne t i c  f i e l d s ,  o f  t h e  
o r d e r  o f  0.1 g a u s s  had marked e f f e c t s  on t h e  r e s o l u t i o n .  C o i l s  were t h e n  s e t  

up t o  n e u t r a l i z e  t h e  e a r t h ' s  f i e l d  and t o  check  more c a r e f u l l y  t h e  e f f e c t  o f  
s m a l l  f i e l d s .  The v a r i o u s  t u b e s  were f o u n d  t o  v a r y  c o n s i d e r a b l y  i n  t h e i r  
s e n s i t i v i t y  t o  f i e l d s  ( t h e  t u b e s  had been demagne t i zed  by an a - c  f i e l d ) ,  I n  
g e n e r a l  t h e  r e s o l u t i o n  was found t o  be b e s t  f o r  a p a r t i c u l a r  m a g n e t i c  f i e l d ,  
i n  some cases z e r o  and i n  some c a s e s  a s  h i g h  a s  0 - 5  gauss or m o r e ,  In Fig, 5 
i s  shown a p o r t i o n  o f  t h e  Csm spec t rum around t h e  c o n v e r s i o n  l i n e  f o r  one  of 
t h e  t u b e s  most a f f e c t e d ,  S i n c e  t h e  s e n s i t i v i t y  o f  t h e  r e s o l u t i o n  t o  m a g n e t i c  
f i e l d  i s  somewhat reduced a t  lower pho toca thode  v o l t a g e s ,  i t  seems l i k e l y  t h a t  
t h e  h i g h e r  pho toca thode  v o l t a g e  g i v e s  h i g h e r  ave rage  c o l l e c t i o n  e f f i c i e n c y  f o r  
t h e  p h o t o e l e c t r o n s  b u t  w i t h  p o o r e r  u n i f o r m i t y  o f  t h e  c o l l e c t i o n  e f f i c i e n c y  f o r  
t h e  v a r i o u s  p a r t s  o f  t h e  p h o t o c a t h o d e  and t h a t  t h e  p r o p e r  magne t i c  f i e l d  i m -  
p r o v e s  t h e  u n i f o r m i t y  o f  c o l l e c t i o n .  

The same tube  was probed w i t h a  t i n y  c r y s t a l  and found t o  r e q u i r e  d i f f e r e n t  
magne t i c  f i e l d s  f o r  maximum p u l s e  s i z e  f o r  e a c h  p o i n t o n  t h e  photocathode,  The 
maximum p u l s e  s i z e  so o b t a i n e d  was t h e  same w i t h i n  t h e  e x p e r i m e n t a l  e r r o r  f o r  

11 
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a l l  p a r t s  o f  t h e  pho toca thode  i n d i c a t i n g  t h a t  t h e  e f f i c i e n c y  o f  p r o d u c t i o n  o f  
p h o t o e l e c t r o n s  was u n i f o r m  o v e r  t h e  p h o t o c a t h o d e  a n d  t h a t  t h e  s p r e a d  i n  
r e s o l u t i o n  above t h a t  due to s t a t i s t i c s  was f o r  t h i s  t ube  caused a lmos t  s o l e l y  
by non-uniform f o c u s s i n g ,  While  t h i s  i s  p r o b a b l y  n o t  t r u e  f o r  a l l  t u b e s ,  i t  
s u g g e s t s  t h a t  n o n - u n i f o r m i t i e s  of  t h e  photocathode i t s e l f  may be l e s s  p r e v a l e n t  
t h a n  poor f o c u s s i n g  

I n  p r i n c i p l e ,  t h e  v a r i a t i o n s  o v e r  t h e  pho toca thode  s u r f a c e  i n  p r o d u c t i o n  
and  f o c u s s i n g  o f  p h o t o e l e c t r o n s  can  be e l i m i n a t e d  by d i s t r i b u t i n g  u n i f o r m l y  
o v e r  t h e  photocathode t h e  l i g h t  from a l l  p u l s e s ,  Then each  s c i n t i l l a t i o n p u l s e  
o f  t h e  same s i z e  would d e l i v e r ,  w i t h i n  s t a t i s t i c s ,  
e l e c t r o n s  t o  t h e  f i r s t  dynode, 
t h i s .  

t h e  same number o f  pho to -  
L i g h t  p i p e s  o f  l u c i t e  were used t o  accompl i sh  

U n f o r t u n a t e l y  t h e  l o s s  o f  l i g h t  due  t o  a b s o r p t i o n  i n  t h e  body and on 
o f  t h e  l i g h t  p i p e  was g r e a t  enough t o  make t h e  p o o r e r  s t a t i s t i c s  

y g a i n s  d u e  t o  g r e a t e r  u n i f o r m i t y  o f  c o l l e c t e d  p h o t o e l e c t r o n s .  
mewhat b e t t e r  l i g h t  p i p e s  have been made by u s i n g  more t r a n s p a r e n t  
d more h i g h l y  p o l i s h e d  s u r f a c e s  s o  t h a t  i t  i s  hoped t h a t  t h e  non- 
o f  t h e  f o c u s s i n g  may be  ove rcome  i n  t h i s  way a n d  s t i l l  h i g h e r  
o b t a i n e d  
Elation Spectrometer Studies ( B o  R ,  Bell, J .  Cassidy). T h e b e t a  and 
rom Po have been s t u d i e d ,  
i n t e r  w i t h  s e v e r a l  pounds  o f  KC1 ( F i g .  6aZl The s p e c t r u m  o f  t h e  
o i l  e l e c t r o n s  i n  t h e  a n t h r a c e n e  c r y s t a l  i s  shown i n  F i g .  6 a  and h .  
m would be produced by a s t r o n g  Y - r a y  o f  ene rgy  approx ima te ly  1.44 

The gamma rays were observed by su r round-  

i s  no e v i d e n c e  o f  a n n i h i l a t i o n  r a d i a t i o n ,  
b e t a  r a y s  were measured by p l a c i n g  a t h i n  s o u r c e  (3 mg/cm2) o f  

1 n e a r  t h e  c r y s t a l ,  The obse rved  b e t a  spec t rum and background a r e  
g o  7 a ,  The c l o s e d  c i r c l e s  i n  F i g ,  7b  show t h e  b e t a  s p e c t r u m ,  t h e  
s a r e  t h e  d a t a  a f t e r  c o r r e c t i n g f o r  t h e  r e s o l u t i o n  o f  t h e  i n s t r u m e n t .  

a r e  shown i n  F i g ,  8 ,  The spec t rum a p p e a r s  t o  be t h i r d  f o r b i d d e n  
p o i n t  o f  1.35 M e V ,  

i ee  s p e c t r u m  from a sample  p r e p a r e d  by R e t e l l e  h a s  r e c e n t l y  b e e n  
m f i r m i n g  h i s  r e s u l t s  on t h e  Pens s p e c t r o m e t e r ,  The K u r i e  p l o t  i s  

, 9 ,  and a p p e a r s  t o b e  an al lowed shape  w i t h  an e n d p o i n t  o f  330 Kev. .  
t e  Positioning Device f o r  “ H o t  L a b D R  Work (To E. Cole, P. R. Belt, 
L A s u g g e s t i o n  was madebyE,  Po E p l e r  t h a t  some t i m e  c o u l d  p r o f i t a h -  
I i n  d e v e l o p i n g  a s m a l l  v a r i a b l e  s p e e d  m o t o r  f o r  u s e  i n  r e m o t e  

d e v i c e s  f o r  “ h o t  l a b ”  u s e ,  T h e r e  a r e  many a p p l i c a t i o n s  wh ich  
R a d e v i c e  and t o  d a t e  each  a p p l i c a t i o n  h a s ,  i n  g e n e r a l ,  r e q u i r e d  
,f a new a c t u a t i n g  mechanism; i t  i s  hoped t h a t  on f u r t h e r  deve lop -  
:hanism and c i r c u i t r y  d e s c r i b e d  below w i l l  be s u f f i c i e n t l y  f l e x i b l e  
: a p p l i c a t i o n  i n  work on t h i s  n a t u r e ,  

0 
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The motor  i s  a D e l c o  #5069600, 250 rpm, 2 1  v d - c  permanent  magnet f i e l d  
motor. A g e a r  r e d u c t i o n  i s  i n c o r p o r a t e d  in t h e  d e s i g n  o f  t h e  motor and acco rd -  
i n g t o  t h e  m a n u f a c t u r e r s  i n f o r m a t i o n  t h e  t o r q u e  d e v e l o p e d i s 8  o z . i n ,  con t inuous  
and 40 o z , i n ,  s t a l l e d ,  The o v e r a l l  d imens ions  o f  t h e  motor a r e  a p p r o x i m a t e l y  
1-3/8 i n ,  i n  d i a m e t e r  and 3 -314  i n .  l o n g ,  T h i s  motor  was chosen  b e c a u s e  o f  
i t s  s m a l l  p h y s i c a l  s i z e ,  e a s e  w i t h  which i t  c o u l d  be d r i v e n  and a v a i l a b i l i t y  
a t  s m a l l  c o s t  (war  s u r p l u s )  e 

A t e n t a t i v e  c i r c u i t  f o r  c o n t r o l l i n g  t h e  motor  h a s  been c o n s t r u c t e d  and 
works s a t i s f a c t o r i l y .  The c i r c u i t  i s  shown i n  F i g .  1 0 ,  R e f e r e n c e  t o  t h i s  
f i g u r e  w i l l  p r o v i d e  t h e  e s sen t . i a1  d e t a i l s  of  o p e r a t i o n ,  though m o d i f i c a t i o n  o f  
t h e  c i r c u i t  w i l l  be d i c t a t e d  by t h e  s p e c i f i c  a p p l i c a t i o n .  The p o t e n t i o m e t e r s  
l a b e l e d  ( 1 )  and ( 2 )  a r e  t h e  c o n t r o l  e l e m e n t s ,  i f  e i t h e r  i s  l i n k e d  mechan ica l ly  
w i t h  t h e  motor ,  assuming p r o p e r  s e n s e  o f  r o t a t i o n ,  t h e  motor w i l l  move i n  such 
a way a s  t o  t r y  t o  m a i n t a i n  t h e  se r ies  r e s i s t a n c e  a c r o s s  t h e  two p o t e n t i o m e t e r s  
c o n s t a n t ,  and t h u s w e  have a p o s i t i o n i n g  d e v i c e ,  For  a v e l o c i t y  d e v i c e  w e  need 
o n l y  one p o t e n t i o m e t e r  s i n c e  w e  u t i l i z e  t h e  beck emf g e n e r a t e d  by t h e  motor as 

a measure o f  t h e  v e l o c i t y ,  
P. R.  B e l l  h a s  p r o p o s e d  t h e  u s e  o f  two motcors connec ted  i n  s e r i e s ,  one 

a t t a c h e d  t o  t h e  l o a d  and t h e  o t h e r  a t t a c h e d  t o  t h e  i n p u t  p o t e n t i o m e t e r ;  t h i s  
would g i v e  t h e  d e v i c e  a s e n s e  o f  t ouch  due t o  t h e  f a c t  t h a t  t h e  t o r q u e  o u t p u t  
o f  t h e  moto r s  would be n e a r l y  e q u a l  and t h e  motor  on t h e  i n p u t  p o t e n t i o m e t e r  
would r e f l e c t  t h e  r e s i s t a n c e  s e e n  by t h e  l o a d  motor ,  T h i s  n e g l e c t s  f r i c t i o n ,  
b u t  i t  is b e l i e v e d  t h a t  f r i c t i o n  c o u l d  be ba l anced  o u t  e l e c t r i c a l l y .  

- 
c 

- 
S h o r t - L i v e d  I s o m e r s  (F, K O  M c G Q w ~ ~ ) ,  U s i n g  s o u r c e s  o f  Ybd77 (1.8 h r ) ,  

d e l a y e d  c o i n c i d e n c e s  w e l l  above t h e  random c o i n c i d e n c e  r a t e  were d e t e c t e d ,  I n  

F i g .  11 t h e  number o f  d e l a y e d  c o i n c i d e n c e s  i s  p l o t t e d  as a f u n c t i o n  o f  d e l a y  
t i m e .  I t  a p p e a r s  from t h i s  c u r v e  t h a t  t h e  d i s i n t e g r a t i o n  o f  Ybp'7 l e a d s  t o  a 

m e t a s t a b l e  s t a t e  Lu"' which i n  t u r n  d e c a y s  t o  t h e  ground s t a t e  w i t h  a h a l f -  
l i f e  o f  (13 rt 2 )  x 10"' s e c .  The h a l f - l i f e  f o r  Yb'77 a s  l i s t e d  i n  S e a b o r g ' s  
T a b l e  of I s o t o p e s  ranges from le9 to 3.5 h r ,  Normally t h e  h a l f - l i f e  would be 
d i f f i c u l t  t o  o b t a i n  b e c a u s e  o f  t h e  E u " ~  (6s.8 d a )  d a u g h t e r  a c t i v i t y  and Yb"" 
(100  h r )  a c t i v i t y  p r e s e n t  i n  t h e  s o u r c e s ,  By c o u n t i n g  de layed  c o i n c i d e n c e s  a t  
a f i x e d  d e l a y  a s  a f u n c t i o n  o f  t ime  t h e  c o i n c i d e n c e  r a t e  d e c r e a s e s  a c c o r d i n g  
t o  t h e  decay o f  Yb'77. The decay was fo l lowed  f o r  6 hour s  and t h e  h a l f - l i f e  o f  
Yb"' a p p e a r s  t o  be 1 .8  h r .  

I n  a r e c e n t  i s s u e  o f  t h e  Phys ,  Rev, "d6, 312 (1949), W. J ,  M a c I n t y r e  a t  
Y a l e  U n i v e r s i t y  r e p o r t e d  a s h o r t - l i v e d  i s o m e r i c  s t a t e  i n  Hg"' f o l l o w i n g  the 
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F i g .  16 is a spec t rum o f  Cd'". The upper  c u r v e  i s  t h e  spectrum o b t a i n e d  
c o u n t i n g  s i n g l e  c o u n t s .  The f i r s t  peak i s  e s s e n t i a l l y  t h e  K and L c o n v e r s i o n  
l i n e s  ( n o t  r e s o l v e d )  o f t h e  148 Kev t r a n s i t i o n  f o r  t h e  48 minute isomer.  The re  
i s  p o s s i b l y  a s l i g h t  bump due t o  K l i n e  o f  247 Kev t r a n s i t i o n  o f  t h e  8 X 10" 
s ec .  i s o m e r i c  s t a t e .  The  l o w e r  c u r v e  is t h e  s p e c t r u m  o f  t h e  s h o r t - l i v e d  
i s o m e r i c  t r a n s i t i o n  o b t a i n e d  by c o u n t i n g  d e l a y e d  c o i n c i d e n c e s  and now t h e  K 
l i n e  i s  d e f i n i t e l y  obse rved .  T h i s  l i n e  w a s  a l s o  u s e d t o c a l i b r a t e  t h e  s p e c t r o -  
meter. 

F i g .  17 i s  t h e  s p e c t r u m  o f  Lur7' o b t a i n e d  w i t h  t h e  d e l a y e d  c o i n c i d e n c e  
s c i n t i l l a t i o n  s p e c t r o m e t e r .  The K and L i n t e r n a l  c o n v e r s i o n  l i n e s  c o r r e s p o n d  
t o  a ( 1 5 0 f  1 0 )  Kev 7 - r a y  t r a n s i t i o n .  From t h e  e n e r g y  and h a l f - l i f e  o f  t h i s  
i s o m e r i c  s t a t e  i t  a p p e a r s  t h a t  t h e  r a d i a t i o n  f a l l s  i n  t h e  c l a s s i f i c a t i o n  o f  
e i t h e r  e l e c t r i c  o c t o p o l e  or magne t i c  q u a d r u p o l e ,  I n t e r n a l  c o n v e r s i o n  c o e f f i -  
c i e n t s  would, however, a i d  t o  f i x  t h e  m u l t i p o l e  o r d e r  and e l e c t r i c  or magne t i c  
c h a r a c t e r  of  t h e  t r a n s i t i o n ,  

The f o l l o w i n g  r a d i o i s o t o p e s  have been i n v e s t i g a t e d  f o r  s h o r t - l i v e d  i s o m e r i c  
s t a t e s  i n  t h e  r e g i o n  3 x 10" t o  sec: 
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NEUTRON D I  FFRACTlON 

C. G. Shull, E .  0. Wollan, 18. C. Koehler and W. A. Strauser 

STUDIES OF MAGNETIC SCATTERING OF NEUTRONS 

The s c a t t e r i n g  o f  monochromatic n e u t r o n s  by v a r i o u s  paramagnet ic  and a n t i -  
f e r r o m a g n e t i c  m a t e r i a l s  h a s  been under  c o n t i n u e d  s t u d y  d u r i n g  t h e  l a s t  p e r i o d ,  
and w e  r e p o r t  f u r t h e r  d a t a  on new m a t e r i a l s  and f u r t h e r  i n t e r p r e t a t i v e  r e s u l t s  
o f  o l d e r  d a t a .  

Magnetic Form Factor and Radial Dtstributdon of 3d Shell I t  was mentioned 
i n  t h e  l a s t  q u a r t e r l y  (OFWE 366) t h a t  t h e  m a g n e t i c  s c a t t e r i n g  by MnF, a t  room 
t empera tu re  resembled c l o s e l y  t h e  expec ted  form f a c t o r  d i f f u s e  s c a t t e r i n g .  The 
s c a t t e r i n g  h a s  been s t u d i e d  w i t h  an MnF, sample  h e l d  a t  400' C and compared 

. n p e r a t u r e  s c a t t e r i n g  t o  see i f  any r e s i d u a l  s h o r t  r ange  coup- 
e t i c  moments i n t r o d u c i n g  cohe rence  i n t o  t h e  room temper-  
The h i g h  t e m p e r a t u r e  p a t t e r n  was t h e  same as t h e  room tempera- 
i t  a p p e a r s  t h a t  t h e s e  r e p r e s e n t  a c c u r a t e l y  t h e  m a g n e t i c  form 
i s h a s  been e s t a b l i s h e d  i t i s  p o s s i b l e  t o  i n v e r t  t h e  form f a c t o r  
e r a d i a l  d i s t r i b u t i o n  o f  t h e  f i v e  e l e c t r o n s  i n  t h e  3d s h e l l  
i b l e  f o r  t h e  a tomic  moment. o f  Mn*' a From Compton and A l l i s o n ,  

e - 1  . l  

P, 
Z U ( r )  2r/T k f ( k )  s i n  k r  dk 

0 

5 r a d i a l  d i s t r i b u t i o n  o f  e l e c t r o n s  a t  t h e  d i s t a n c e  r from t h e  
i t h e  o b s e r v e d  a m p l i t u d e  foxm f a c t o r  a s  a f u n c t i o n  o f  k = 
29 b e i n g  t h e  s c a t t e r i n g  a n g l e .  T h i s  i n v e r s i o n h a s  b e e n c a r r i e d  
w i t h  t h e  r e s u l t s  shown i n  F i g .  18. The d i s t r i b u t i o n i s  peaked 
0 . 6  and f a l l s  r e g u l a r l y  on e i t h e r  s i d e  o f  t h e  peak .  F o r  

s e s ,  D r .  S .  M. Dancoff  h a s  k i n d l y  c a l c u l a t e d  t h e  t h e o r e t i c a l  
ig a s e l f - c o n s i s t e n t  f i e l d  w i t h  exchange a n a l y s i s  and h i s  re- 
iown on t h e  f i g u r e .  I n  g e n e r a l  t h e  t w o c u r v e s a g r e e s a t i s f a c t o -  
r r e g i o n  b u t  t h e  d i s c r e p a n c y  i n  t h e  o u t e r  r e g i o n  a p p e a r s  t o  
: e r t a i n t y  i n  t h e  e x p e r i m e n t a l  c u r v e  h a s  been i n v e s t i g a t e d  by 

mernbens of the ORNL Mathemetics a n d  C o m p u t i n g  P a n e l  for carrying t h r o u g h  

c a l  caleulations, 
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i n v e r t i n g  a s e r i e s  o f  form f a c t o r s  which c o u l d  c o n c e i v a b l y  f i t  t h e  o b s e r v e d  
d a t a  and a l l  o f  t h e  r a d i a l  d i s t r i b u t i o n s  t h u s  o b t a i n e d  f a l l  o f f  more r a p i d l y  
a t  l a r g e r  t han  t h e  t h e o r e t i c a l  c u r v e .  Dr. Dancof f  f e e l s  t h a t  t h i s  may be  a 
r e s u l t  o f  h i s  u s e  o f  an i s o l a t e d  i o n  i n  t h e  c o m p u t a t i o n  whereas  t h e  e x p e r i -  
m e n t a l  d a t a  a r e  o b t a i n e d  f o r  an i o n  i n  a c r y s t a l  where t h e  d i s t r i b u t i o n  might  
b e  compressed due  t o  t h e  s u r r o u n d i n g  n e i g h b o r  i o n s ,  

Magnetic Structure of MnO and MnSe. Neut ron  d i f f r a c t i o n  p a t t e r n s  forMnO 
a t  80" and 300" K (above and below t h e  a n t i f e r r o m a g n e t i c  C u r i e  p o i n t o f  122" It) 
have  been given i n  ORNL 366,  I t  h a s  been  found p o s s i b l e  t o  a c c o u n t  f o r  t h e  
obse rved  i n t e n s i t i e s  o f  t h e  m a g n e t i c  r e f l e c t i o n s  on t h e  b a s i s  o f  a s u b - c e l l  
t y p e  o f  s t r u c t u r e .  The Mn atoms i n  MnO a r e  a r r a n g e d  i n  a f a c e  c e n t e r e d  c u b i c  
l a t t i c e  and t h i s  l a t t i c e  can be broken down i n t o  fou r  i n t e r p e n e t r a t i n g ,  s imple  
c u b i c  l a t t i c e s ,  The f a c t  t h a t  I;he r e p e a t i n g  d i s t a n c e  i n  t h e  magne t i c  s t r u c t u r e  
i s  8 . 8 5  A r a t h e r  t han  t h e  4.43 k o f  t h e  chemica l  u n i t  c e l l  shows t h a t  ne ighbor -  
i n g  atoms on t h e  s i m p l e  cube s u b l a t t i c e  a r e  a r r a n g e d  a n t i p a r a l l e l  i n  magne t i c  
o r i e n t a t i o n .  The i n t e n s i t y  c a l c u l a t e d  f o r  a magne t i c  r e f l e c t i o n  by one of t h e  
s u b l a t t i c e s  i s  found t o  be c l o s e l y  o n e - f o u r t h  o f  t h e  o b s e r v e d  i n t e n s i t y  and 
t h i s  i m p l i e s  t h a t  t h e  s u b l a t t i c e s  a r e  s c a t t e r i n g  i n d e p e n d e n t l y  s o  t h a t  t h e  
i n t e n s i t i e s  are  a d d i t i v e .  Thus t h e  magnet ic  c o u p l i n g b e t w e e n n e a r e s t  n e i g h b o r s  
(or between one s u b l a t t i c e  and a n o t h e r )  a p p e a r s  t o  be of  no  consequence where- 
a s  t h e  c o u p l i n g  between n e x t  n e a r e s t  n e i g h b o r s  ( o n  t h e  same s u b l a t t i c e )  i s  
v e r y  s t r o n g .  T h i s  s t r u c t u r e  i s  p o r t r a y e d  i n  F i g .  1 9  where two o f  t h e  s u b -  

l a t t i c e s  a r e  shown. 

a 0 

The a n t i f e r r o m a g n e t i c  s t r u c t u r e  o f  MnO i s  b e i n g  s t u d i e d  by Drs. Anderson 
and K i t t e l  o f  t h e  B e l l  Telephone L a b o r a t o r i e s  and t h e i r  exchange ene rgy  ca l cu -  

l a t i o n s  have l e d  them t o  e x p e c t  s t r o n g  n e x t - n e a r e s t  ne ighbor  c o u p l i n g  and weak 
n e a r e s t  n e i g h b o r  c o u p l i n g  i n  c o m p l e t e  a c c o r d  w i t h  t h e  above  d e s c r i p t i o n .  

MnSe p o s s e s s e s  s imi l a r  magnet ic  p r o p e r t i e s  w i t h a c u r i e  t e m p e r a t u r e  around 
150' K and t h i s  m a t e r i a l  h a s  been examined i n  t h e  n e u t r o n  s p e c t r o m e t e r ,  a g a i n  
a t  room t e m p e r a t u r e  and a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e ,  The p a t t e r n s  o b t a i n e d  
a r e  e x a c t l y  s i m i l a r  t o  t h o s e  f o r  MnQ w i t h  e x t r a  magnet ic  r e f l e c t i o n s  a p p e a r i n g  
a t  low t e m p e r a t u r e  and indexed  on t h e  b a s i s  o f  a doub le  s i z e  u n i t  c e l l .  Thus  
t h e  magne t i c  s t r u c t u r e  f o r  t h e  s e l e n i d e  a p p e a r s  s i m i l a r  t o  t h a t  o f  t h e  o x i d e .  

FeO is a l s o  s i m i l a r  t o  MnO and MnSe i n  c r y s t a l l o g r a p h i c  s t r u c t u r e  and i n  
showingan a n t i f e r r o m a g n e t i c  C u r i e  p o i n t  a t  198' K a n d i t  h a s  a l s o  been examined 
w i t h  n e u t r o n  s c a t t e r i n g .  The p a t t e r n  o b t a i n e d  a t  l O W  t e m p e r a t u r e  i s ,  however, 
marked ly  d i f f e r e n t  t h a n  t h o s e  f o r  t h e  manganese compounds and presumably t h e  
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m a g n e t i c e s t r u c t u r e  a l s o  i s  d i f f e r e n t .  
n o t  p r o g r e s s e d  f a r  a t  t h i s  t i m e  and w i l l  be t a k e n  up l a t e r .  

The i n t e r p r e t a t i o n  o f  t h e s e  d a t a  h a s  

Magnetic Scattering b y  F e , O ,  Near t h e  Antiferromagnetic Curie Point. 
The n e u t r o n  d i f f r a c t i o n  p a t t e r n  a t  room t e m p e r a t u r e  o f  a-Fe,O, ( h e m a t i t e )  h a s  
been found t o  p o s s e s s  e x t r a  magnet ic  r e f l e c t i o n s .  Magnet ic  s u s c e p t i b i l i t y  d a t a  
f o r  t h i s  m a t e r i a l  have s u g g e s t e d  a n  a n t i f e r r o m a g n e t i c  C u r i e  p o i n t  of  675" C SO 

t h a t  i t  seemed of  i n t e r e s t  t o  s t u d y  t h e  magne t i c  i n t e n s i t i e s  o b t a i n e d  w i t h  t h e  
sample h e l d  i n  t h i s  t e m p e r a t u r e  range.  F i g .  20 shows p a t t e r n s  o v e r  t h e  (1111, 
(100) and ( 1 1 0 )  r e f l e c t i o n s  f o r  t e m p e r a t u r e s  o f  2 0 ° ,  650", and 710" C. The 
i n n e r  two r e f l e c t i o n s  are  magne t i c  r e f l e c t i o n s  whereas t h e  t h i r d  i s  a n u c l e a r  
s c a t t e r i n g  r e f l e c t i o n .  I t  i s  s e e n  from t h e  f i g u r e  t h a t  t h e  m a g n e t i c  i n -  
t e n s i t i e s  h a r e  f a l l e n  down a t  t h e  h i g h e r  t e m p e r a t u r e s  w h e r e a s  t h e  n u c l e a r  
s c a t t e r i n g h a s  n o t  d e c r e a s e d  a p p r e c i a b l y .  O t h e r  t e m p e r a t u r e s  a r e  b e i n g  examined 
and i t  w i l l  be i n t e r e s t i n g  t o  see how s h a r p l y  t h e  i n t e n s i t i e s  f a l l  o f f  i n  t h e  
v i c i n i t y  o f  t h e  C u r i e  t e m p e r a t u r e .  

. - 

SCATIERING BY NUCLEI WITH ZERO SPIN 

. 

I n  d e t e r m i n i n g  t h e  c o h e r e n t  s c a t t e r i n g  c r o s s  s e c t i o n  o f  n u c l e i  by measur- 
i n g  t h e  i n t e n s i t y  of d i f f r a c t i o n  p e a k s  i t  i s  n e c e s s a r y  t o  measure e i t h e r  t h e  
r a t i o  o f  t h e  n e u t r o n  power i n  t h e  peak t o  power i n  t h e  i n c i d e n t  beam or t o  
measu re  t h e  r a t i o  o f  t h e  s c a t t e r i n g  power o f  t h e  unknown t o  t h e  s c a t t e r i n g  
power o f  a s ample  f o r  which t h e  c o h e r e n t  s c a t t e r i n g  c r o s s  s e c t i o n  h a s  b e e n  
a c c u r a t e l y  d e t e r m i n e d  by o t h e r  means. Wi th  s c a t t e r i n g  s a m p l e s  c o n t a i n i n g  a 
m i x t u r e  o f  i s o t o p e s  o r  f o r  which t h e r e  i s  s p i n  dependen t  s c a t t e r i n g ,  a t r a n s -  
m i s s i o n  expe r imen t  w i l l  g i v e  an ave rage  o v e r  t h e  i s o t o p i c  and t h e  p a r a l l e l  and 
a n t i p a r a l l e l  s p i n  a m p l i t u d e s  o f  t h e  sample,  With a s c a t t e r i n g  sample c o n s i s t -  
i n g  of s i n g l e  n u c l e a r  spec ie s  h a v i n g  z e r o  s p i n  t h e  c o h e r e n t  s c a t t e r i n g  c r o s s  
s e c t i o n  c a n  b e  o b t a i n e d  from a t r a n s m i s s i o n  e x p e r i m e n t  w i t h  m o n o e n e r g e t i c  
n e u t r o n s  ( c o r r e c t i o n  b e i n g  made f o r  any a b s o r p t i o n  by t h e  sample) .  The t s a n s -  
mis s ion  s c a t t e r i n g  c r o s s  s e c t i o n  for a s i n g l e  n u c l e u s  is g iven  by 
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where  W(8) i s  t h e  Debye-Waller  t e m p e r a t u r e  f a c t o r  and t h e  l a s t  term i s  t h e  
t e m p e r a t u r e  d i f f u s e  s c a t t e r i n g .  

A l l  o f  o u r  measu remen t s  t o  d a t e  have  been s t a n d a r d i z e d  a g a i n s t  diamond 
w i t h  o t h e r  m a t e r i a l s  f u r n i s h i n g  q u i t e  s a t i s f a c t o r y  c h e c k s .  I n  o r d e r  t o  p i n  
down t h e  c o h e r e n t  s c a t t e r i n g  cross s e c t i o n s  somewhat more a c c u r a t e l y  w e  have 
been making a c a r e f u l  s t u d y  o f  some o t h e r  z e r o  s p i n  n u c l e i .  

Powder d i f f r a c t i o n  p a t t e r n s  f o r  d r i e d  samples  of Ca'OO have been 
o b t a i n e d  and a l s o  t r a n s m i s s i o n  measurements  have been made. Both Ca4' and 0 
a r e  z e r o  s p i n  n u c l e i  and hence t h e  a b s o l u t e  c o h e r e n t  s c a t t e r i n g  c r o s s  s e c t i o n  
c a n  be  d e t e r m i n e d  from t h e  t r a n s m i s s i o n  measurements  and t h e  r e s u l t s  can  be 
compared w i t h  diamond t h r o u g h  t h e  d i f f r a c t i o n  peak measurements.  We a r e  n o t  
y e t  a b l e  t o  q u o t e  f i n a l  a c c u r a t e  v a l u e s  f o r  t h e s e  b u t  t e n t a t i v e l y  

Ca'OO. 

uca40 = 3 045 b a r n s  and u,, = 4.2 b a r n s .  

Ca4"0 ,  The a v a i l a b l e  amount o f  Ca44 does  n o t  p e r m i t  t h e  h i g h e s t  accu racy  
The t e n t a t i v e  v a l u e  i s  CY 4 4  = 0 . 4  barns  t o b e o b t a i n e d  f o r  i t s  cross s e c t i o n .  

and t h e  s c a t t e r i n g  a m p l i t u d e  i s  p o s i t i v e .  
C a  

Normal CaO., S i n c e  normal  ca l c ium c o n s i s t s  p r i m a r i l y  o f  Ca4"(96.96%) and 
Ca4"(2.06%) i t  wou ldbe  e x p e c t e d  t h a t  c l o s e  agreement would be o b t a i n e d  between 
t h e  measu red  c o h e r e n t  s c a t t e r i n g  c r o s s  s e c t i o n  f o r  n o r m a l  c a l c i u m  and t h e  
c o r r e s p o n d i n g  v a l u e  c a l c u l a t e d  from t h e  Ca40 and Ca44 c r o s s  s e c t i o n s  on ly .  The 
agreement o b t a i n e d  i s  w i t h i n  e x p e r i m e n t a l  e r r o r ,  

Th and Tho,.., D i f f r a c t i o n  measurements have been made w i t h  powdered c r y s -  
The r e s u l t s  w i t h  Th show some o x i d e  c o n t a m i n a t i o n  

The Tho, r e s u l t s  seem ve ry  
t a l s  o f  b o t h  Th and Tho,,  
and i t  w i l l  be n e c e s s a r y  t 0  o b t a i n  a p u r e r  sample.  
s a t i s f a c t o r y  b u t  t h e  c a l c u l a t i o n s ' h a v e  n o t  y e t  been completed.  

We hope t h a t  when t h e s e  measurements have been completed ou r  c r o s s s e c t i o n  
measurements  can be  p u t  on a more a c c u r a t e  b a s i s ,  
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t i m e  of 3 - 6  hour s .  

A s t u d y  o f  h e a t  t r a n s f e r  t h r o u g h  chrom a l u m  h a s  been  made a s  f o l l o w s .  

Two * 15 gram s a m p l e s  o f  chromium p o t a s s i u m  alum were compressed i n t o  coppe r  
cups.  The samples  were o f  c y l i n d r i c a l  s h a p e ,  w i t h  h e m i s p h e r i c a l  e n d s ,  5/8 i n .  

d i a m e t e r  and about  1% i n .  l o n g ,  and were made by compressing t h e  powdered s a l t  
i n t o  t h e  c u p s  a t  a b o u t  ~ 0 , o ~ ~  pounds / sq  i n .  T h e s e  c u p s  were c o n n e c t e d  by a 
s i l v e r  t u b e  % i n .  d i a m e t e r ,  w i t h a  0.015 i n .  w a l l  and 8 i n .  long.  T h i s  dumbbell 
a r r angemen t  was t h e n  se t  up i n  t h e  equipment f o r  a d i a b a t i c  d e m a g n e t i z a t i o n  i n  
s u c h  a way t h a t  t h e  t e m p e r a t u r e  o f  each of  t h e  s a l t  samples  c o u l d  be observed.  
I n i t i a l l y  bo th  samples  were a t  1 . 2 "  K. Then one of t h e  samples  was c o o l e d  t o  
0.08' K by d e m a g n e t i z a t i o n  and t h e  t e m p e r a t u r e  o f  e a c h  sample was p l o t t e d  u s  

t i m e .  Two v e r y  n i c e  c u r v e s  were o b t a i n e d  of  t h e  h o t  sample c o o l i n g  down and 
t h e  c o l d  sample warming up. The t empera tu re  d i f f e r e n c e  between t h e  two samples  
f e l l  n i c e l y  on an e x p o n e n t i a l  c u r v e ,  a f t e r  t h i s  AT was l e s s  t h a n  4 . 2 "  K ,  
i . e .  a f t e r  t h e  s p e c i f i c  h e a t s  of  t h e  two s a m p l e s  were a b o u t  t h e  same. The 
r e l a x a t i o n  t i m e  was 5.6 minu tes .  T h i s  r e l a x a t i o n  t i m e  i s  of a r e a s o n a b l e  o rd -  
e r  of magnitude f o r  n u c l e a r  a l ignmen t  expe r imen t s .  

8 .  P l a n s  f o r  F u t u r e  Work. A s  was i n d i c a t e d  by one of u s ,  a t  t h e  Los 
Alamos symposium on low t e m p e r a t u r e  p h y s i c s  l a s t  May, t h e  d i f f i c u l t y  i n  a l i g n i n g  
n u c l e i  a t  low t e m p e r a t u r e s  i s  f u n d a m e n t a l l y  t h e  d i f f i c u l t y  o f  t r a n s f e r r i n g  
h e a t  t h r o u g h  chrom alum a t  low t e m p e r a t u r e s .  No th ing  t h a t  h a s  been done any- 
where a l t e r s  t h i s  p o i n t ,  a n d i t  i s  o u r  i n t e n t i o n  t o  make e v e r y  e f f o r t  t o  o b t a i n  
a s u i t a b l e  ch rom a l u m  "lice cube"' w i t h  a b e t t e r  h e a t  t r a n s f e r  r a t e .  T h e  
a p p r o a c h  t h a t  we p l a n  t o  i n v e s t i g a t e  n e x t  i s  t o  b u i l d  u p  a s o r t  o f  c l u b  
sandwich of many t h i n  l a y e r s  of chrom alum and coppe r  f o i l ,  e a c h  coppe r  f o i l  
b e i n g  c o n n e c t e d  t o  a common heavy h e a t  c o n d u c t o r  of  coppe r .  T h e r e  i s  r e a s o n  
t o  hope t h a t  t h i s  w i l l  t r a n s f e r  h e a t  a d e q u a t e l y  down t o  0.01" K .  With  t h e  
e x c e p t i o n  o f  t h i s  u n i t ,  a p p a r a t u s  i s  now c o m p l e t e  or n e a r  c o m p l e t i o n  wh ich  
s h o u l d  e n a b l e  u s  t o  a l i g n  n u c l e i  such  a s  indium a t  0.01" K and 20 KG, or n u c l e i  
l i k e  gado l in ium or copper  a t  0.1' K and u s i n g  h y p e r f i n e  s t r u c t u r e .  The a l i g n -  
ment  o b t a i n e d  w i l l  b e  o b s e r v e d  u s i n g  p o l a r i z e d  n e u t r o n s .  The p r o b l e m  o f  
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SEMI -CONDUCTORS 

K. Lark-Horovitr, J .  C. Pigg 

I t  i s  p o s s i b l e t o  accoun t  f o r  permanent ChangesinGermanium semi -conduc to r s  
a s  d u e t o n e w  i m p u r i t y  c e n t e r s  produced i n  t h e  l a t t i c e  s i t e s  by t r a n s m u t a t i o n s .  

T h e r e f o r e  e x p e r i m e n t s  have been s t a r t e d  u s i n g  Germanium s e m i - c o n d u c t o r s ,  
b o t h  p o l y c r y s t a l l i n e  as w e l l  a s  s i n g l e  c r y s t a l s '  w i t h  known number and s i g n  o f  
c a r r i e r s ,  t o  b e  i r r a d i a t e d  by f a s t  and s low n e u t r o n s .  - B y  h e a t - t r e a t i n g  t h e  
sample  a f t e r  i r r a d i a t i o n  i t  i s  p o s s i b l e  t o  h e a l  l a t t i c e  d e f e c t s  a n d  i n t e r -  
s t i t i a l s  due  t o  c o l l i s i o n  w i t h  f a s t  n e u t r o n s  and t h e  r e m a i n i n g  c a r r i e r s  must  
t h e n  be  due t o  i m p u r i t i e s  produced by t r a n s m u t a t i o n .  Using s i n g l e  c r y s t a l s  it 
s h o u l d  be  p o s s i b l e  t o  p roduce  i n  t h i s  way " i d e a l p '  s e m i - c o n d u c t o r s  where o n l y  
l a t t i c e  s c a t t e r i n g  a n d  i m p u r i t y  s c a t t e r i n g  d e t e r m i n e  t h e  r e s i s t i v i t y ,  

I n  a l l  t h e  i r r a d i a t i o n  e x p e r i m e n t s  t h e  s e l f - h e a l i n g  a t  room and e l e v a t e d  
t e m p e r a t u r e s  is a f a c t o r  which i s  d i f f i c u l t  t o  es t imate .  T h e r e f o r e e x p e r i m e n t s  
were unde r t aken  i r r a d i a t i n g  t h e  semi-conductor  a t  d r y - i c e  t e m p e r a t u r e  and f o l -  
l o w i n g  t h e  r e s i s t a n c e  changes  a s  a f u n c t i o n  o f  i r r a d i a t i o n  and t e m p e r a t u r e .  
I n  some of  t h e  v e r y  h i g h  r e s i s t a n c e  samples  (20 ohm-cm and more) t h e  e f f e c t  of 
i r r a d i a t i o n  a t  t h e  low t e m p e r a t u r e  i s  s o  s t r o n g  t h a t  a f t e r  a few m i n u t e s  a 
r e s i s t a n c e  peak i s  r e a c h e d  and t h e n  t h e  r e s i s t i v i t y  a s  a f u n c t i o n  o f  i r r a d i -  
a t i o n  d e c r e a s e s  a g a i n .  A f t e r  t h e  t e m p e r a t u r e  h a s  i n c r e a s e d  t h e  r e s i s t a n c e  i n -  
c r e a s e s  a g a i n ,  r e a c h e s  a n o t h e r  maximum and then  d e c r e a s e s ,  as shown i n  F i g ,  2 1 ,  

T h i s  e f f e c t ,  obse rved  i n  a l l  expe r imen t s  where i r r a d i a t i o n  c o n t i n u e s  d u r -  
i n g  t h e  p e r i o d  when t h e  semi -conduc to r  i s  warming up from d r y - i c e  t e m p e r a t u r e  
t o  a b o u t  20" C i s  due t o  t h e  f o l l o w i n g  c a u s e s :  ( a )  t h e  number o f  ca r r i e r s  a t  
low t e m p e r a t u r e  i s  s m a l l e r  t h a n  a t  h i g h  t e m p e r a t u r e  and t h e r e f o r e  n e u t r a l i z e d  
i n  a s h o r t e r  t i m e ;  ( b )  s e l f - h e a l i n g  i s  n o t  a s  e f f e c t i v e  a t  low t e m p e r a t u r e s  a s  
a t  h i g h  t e m p e r a t u r e s  and t h e r e f o r e  t h e  number of  e f f e c t i v e  new e n e r g y  l e v e l s  

produced due  t o  c o l l i s i o n  p e r  u n i t  t i m e  i s  g r e a t e r .  F i n a l l y ,  a s  t h e  tempera-  
t u r e  r i s e s  t h e  r e s i s t a n c e  w i l l  change  a s  a f u n c t i o n  o f  t e m p e r a t u r e  and i n -  
c r e a s e s  u s u a l l y  w i t h  i n c r e a s i n g  t e m p e r a t u r e  i n  t h i s  t e m p e r a t u r e  r a n g e .  A 
t h e o r e t i c a l  a n a l y s i s  c a n  o n l y  be c a r r i e d  o u t  when a l a r g e  number o f  s a m p l e s  
and o f  a g r e a t e r  v a r i e t y  h a s  been measured.  T h i s  i r r a d i a t i o n  w a s  f o l l o w e d  by 
exposure  i n  t h e  p i l e  u n t i l  t h e  samples  had r e c e i v e d  a n  i n t e g r a t e d  n e u t r o n  f l u x  
o f  more t h a n  lo1'..  A f t e r  t h e  a p p r o p r i a t e  p e r i o d  t h e  samples  w i l l  b e  measured 
a s  t o  r e s i s t i v i t y  and H a l l  e f f e c t ,  t h e n  h e a t - t r e a t e d  t o  400' C and t h e  number 
of i m p u r i t y  c e n t e r s  de t e rmined  from H a l l  e f f e c t  measurements,  

1 We are indebted to Pr.  W. E. Taylor of the Purdue Semi-Conductoa Croup for the preparation of the 
samples and to Yr. f .  W -  Cleland for making the necessary eleetrieaP mearurerenta to characterize 
the samples. 
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A s  h a s  been r e p o r t e d  b e f o r e ,  Germanium r e c t i f i e s s o f t h e  IN38 o r  IN44 t ype  
a r e  s e n s i t i v e  i n d i c a t o r s  o f  t h e  f a s t  n e u t r o n  f l u x  because  o f  t h e  d e p l e t i o n  o f  
t h e  b a r r i e r  l a y e r ,  A l a r g e  number o f  s u c h  r e c t i f i e r s  h a s  b e e n  t e s t e d  a t  

v a r i o u s  t e m p e r a t n r e s  t o  be used e v e n t u a l l y  a s  f a s t  f l u x  i n d i c a t o r s ' ,  Some o f  
t h e  r e c t i f i e r s  have a l r e a d y  been i n v e s t i g a t e d i n  t h e  r e a c t o r  a t  d r y - i c e  temper- 
a t u r e  t o  check c e r t a i n  p r e d i c t i o n s  o f  r e c t i f i e r  t h e o r y .  The b e h a v i o r  a t  Pow 
t e m p e r a t u r e  i n d i c a t e s  t h a t  f i e l d  e f f e c t s  and i n j e c t i o n  p l a y  an i m p o r t a n t  p a r t  
i n  t h e  b e h a v i o r  o f  t h e  r e c t i f i e r .  

A cuprous o x i d e  r e c t i f i e r  has been i r r a d i a t e d  a t  c o n s t a n t  t e m p e r a t u r e  and 
i t  was found t h a t  t h e  forward r e s i s t a n c e  i n c r e a s e s  upon i r r a d i a t i o n ,  

A s p e c i a l  s h u t t e r  h a s  been c o n s t r u c t e d  so a s  t o  a l l o w  s h o r t  i r r a d i ' a t i o n s  
o f  r e c t i f i e r s  and  t h e i r  w i t h d r a w a l  f o r  d e t e r m i n a t i o n  o f  t h e  c o m p l e t e  I-V 
c h a r a c t e r i s t i c ,  An e x p e r i m e n t  o f  t h i s  t y p e  c a r r i e d  o u t  on a c u p r o u s  o x i d e  
r e c t i f i e r  showed a n  i n c r e a s e  i n  r e s i s t a n c e  i n  b o t h  d i r e c t i o n s  f o r  v o l t a g e s  
o v e r  1 v o l t ,  b u t  a more c o m p l i c a t e d  b e h a v i o r  a t  l ower  a p p l i e d  v o l t a g e s ,  

2 We are indebted to Dr. R. P. Yetcalf for rsrlstance in these measurements. 
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Short-Period Actiarities w i t h  the F a s t  Pneumatic Tube (E. 6. Campbell, 
W , . M .  Good, K ,  G. Robertson),. I n  o r d e r  t o  o b t a i n  more i n f o r m a t i o n  abou t  t h e  
e n e r g i e s  of r a d i a t i o n s  e m i t t e d  by s u b s t a n c e s  hav ing  h a l f - l i v e s  i n  t h e  r ange  of 
o o l  t o  P O  seconds i n d u c e d b y i r r a d i a t i o n  i n  t h e  p i l e  an a n t h r a c e n e  s c i n t i l l a t i o n  
s p e c t r o m e t e r  h a s  been assembled P r e l i m i n a r y  o b s e r v a t i o n s  have shown t h a t  t h e  
method h a s  promise f o r  t h i s  a p p l i c a t i o n  due p r i m a r i l y  t o  t h e  l a r g e  s o l i d  a n g l e  
wh ich  c a n  be a c c e p t e d  a s  compared w i t h  c o n v e n t i o n a l  s p e c t r o m e t e r s n  F i r s t ,  

tests were made w i t h  a 1P21 m u l t i p l i e r  pho to tube  a n d a  sma l l  a n t h r a c e n e  c r y s t a l  
a b o u t  2 mm t h i c k  I n t e g r a l  c u r v e s  of  p u l s e  h e i g h t  d i s t r i b u t i o n  were made f o r  
t h e  2 , 5  second ( i s o m e r i c )  a c t i v i t y  i n  e rb ium,  and f o r  t h e  Hee and F"* a c t i v i t i e s .  
I n  agreement w i t h  e x p e c t a t i o n s  t h e  maximum s i z e  s c i n t i l l a t i o n  p u l s e s  from t h e  
s o f t  ( a b o u t  200 Kevl c o n v e r s i o n  e l e c t r o n s  from Er were much s m a l l e r  t han  t h o s e  
from t h e  more e n e r g e t i c  Hee and F"O a c t i v i t i e s  I t  appea r s  a l s o  t h a t  t o  s t u d y  
r a d i a t i o n s  h a v i n g  h i g h  e n e r g i e s  i t  w i l l  be n e c e s s a r y  t o  u s e  t h i c k e r  c r y s t a l s  
i n  o r d e r  t o  p r e s e r v e  t h e  l i n e a r  r e l a t i o n  between e n e r g y  and p u l s e  h e i g h t ,  No 

a t t e m p t  h a s  been made t o  o b t a i n a n a c c u r a t e  energy c a l i b r a t i o n  of  t h e  i n s t r u m e n t  
because  i t  i s  p lanned  t o  s u b s t i t u t e  t h e  b e t t e r  5819 pho to tube  i n  t h e  s p e c t r o -  
meter, S h i e l d i n g  and mount f o r  t h i s  t ube  have been completed,  

Of t h e  s e v e r a l  d i f  f e r e n t  methods p o s s i b l e  f o r  o b t a i n i n g  t h e  d i f f e r e n t i a l  
p u l s e - h e i g h t  spec t rum frbm a s c i n t i l l a t i o n  c o u n t e r ,  t h e  one which seems t o  be 
most c o n v e n i e n t  f s r  s t u d y i n g  s h o r t - l i f e  a c t i v i t i e s  IS t h a t  s u g g e s t e d  by P ,  R. 
B e l l .  I n  t h i s  method t h e  s c i n t i l l a t i o n  pulses ( s u i t a b l y  l e n g t h e n e d )  a r e  d i s -  
p l a y e d o n  a f a s t  o s c i P l o s e o p e  w i t h  t r i g g e r e d  sweep, A t ime-exposure photograph 
of t h e  o s c i l l o s c o p e  s c r e e n  t h e n  e x h i b i t s  a d e n s i t y  v a r i a t i o n  due t o  t h e  s u p e r -  
posed p u l s e s  which depends on t h e  p u l s e - h e i g h t  d i s t r i b u t i o n  Such pho tographs  
t a k e n  by Dr, Goodrich d e m o n s t r a t e  t h e  f e a s i b i l i t y  of t h i s  method f o r  s t u d y i n g  
t h e  a c t i v i t y  i n  Cesium 137,  i n  which t h e  c o n v e r s i o n  l i n e  on t h e  pho tograph  is 
s e e n  t o  be w e l l  r e s o l v e d ,  An a d a p t a t i o n  of  t h i s  method i n  which t h e  f i l m  is 
s l o w l y  moved d u r i n g  t h e  e x p o s u r e  i s  s u g g e s t e d  i n  o r d e r  t o  d i s t i n g u i s h  which 

p o r t i o n o f  t h e  obse rved  spectrum be longs  t o  a s h o r t - l i f e  a c t i v i t y  and which be- 
l o n g s  t o  a l o n g - l i f e  background,  A p p a r a t u s  for t e s t i n g  t h i s  method on s h o r t  

p e r i o d  a c t i v i t i e s  is b e i n g  assembled. 
Cloud Chamber Study of the Energy Distribution of P a i ~ s  from Chlorine 

Capture Ganrma Rays (C. D ,  Moak, J V s  Dabbs, Jr.9.. The h i s t o g r a m  of  t h e  
p a i r - d i s t r i b u t i o n  obse rved  i n  t h e  c l o u d  chamber measurements on C l  i s  shown i n  
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F i g ,  22 ,  
Measurements  of  t h e  n e u t r o n - f l u x  u s e d  and c e r t a i n  c o m p a r i s o n s  between 

p a i r - f r e q u e n c i e s  and Compton e l e c t r o n  f r e q u e n c i e s  l e a d  u s  co b e l i e v e  t h a t  an 
u n a c c o u n t a b l y  P a r g e  f r a c t i o n  of  t h e  p a i r s  i s  b e i n g  lost i n  t h e  e x p e r i m e n t ,  
T h i s  q u e s t i o n  immediately c a u s e s  some d o u b t a s  to whether t h e  sampl ing  over  t h e  
ene rgy  spec t rum i s  good. U n t i l  a l l  t h e  l o s s e s  a r e  accoun ted  f o r ,  t h e  s p e c t r a  
i n f e r r e d  from t h e s e  d a t a  must s e m a i n i n  q u e s t i o n ,  To d a t e  the Posses  have been 
o n l y  p a r t i a l l y  accoun ted  f o r ,  and a r e p o r t  on t h e  c a p t u r e  y - r a y  spec t rum from 
C l  canno t  be completed u n t i l  i t  i s  known how t h e  sampl ing  a f f e c t s  t h e  observed 
d i  st r i bu ti on 
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W . M .  G o o d ,  C . D .  M ~ a k ,  J.B. D i a l ,  W O E ,  Kunt, G,G. Phill i p s ,  

R ,  L a m p h e r e  

S i n c e  t h e  l a s t  r e p o r t ,  t h e  f o l l o w i n g  p r o g r e s s  h a s  been made i n  ( a )  t h e  
improved performance o f  t h e  2 , 3  Mev machine,  and ( b )  t h e  c o n v e r s i o n  o f  t h e  2.3 
Mev machine t o  a p o s i t i v e  i o n  machine. 

Improving the Performance of the 2 - 3  M e V  Machine. The i n i t i a l p e r f o r m a n c e  
o f  t h e  2 , 3  M e V  machine w a s  p o o r  b e c a u s e  o f  e x c e s s i v e  c u r r e n t  and v o l t a g e  i n -  
s t a b i l i t y o  I n  a d d i t i o n ,  a check on t h e  c a l i b r a t i o n  o f  t h e  p a n e l  v o l t m e t e r  was 
n e c e s s a r y ,  The scheme o f  v o l t a g e  c a l i b r a t i o n  was t o  g e t  t h e  shape and approx i -  
mate v a l u e  of  t h e  v o l t a g e  c a l i b r a t i o n  c h a r a c t e r i s t i c  by bend ing  t h e  e l e c t r o n  
beam i n  a m a g n e t i c  f i e l d  and  p r e c i s i o n  d e t e r m i n e  one p o i n t  by means o f  t h e  
( y o  n)  r e a c t i o n  on b e r y l l i u m ,  The  e l e c t r o n  beam b e n d i n g  i n d i c a t e d  a l i n e a r  
c h a r a c t e r i s t i c  above  a b o u t  400 Kev as e x p e c t e d ,  However,  b e c a u s e  o f  p o o r  
geomet ry  no r e l i a n c e  c o u l d  be  p l a c e d  on t h e  a b s o l u t e  e n e r g y  v a l u e s  by t h i s  
me thod ,  However, t h e  q u a l i t a t i v e  i n f o r m a t i o n  combined w i t h  t h e  c a l i b r a t i o n  
p o i n t  g i v e n  by t h e  ( y o  n )  r e a c t i o n  on b e r y l l i u m  makes a knowledge  o f  t h e  
v o l t a g e  d e v e l o p e d  by t h e  machine r a t h e r  c e r t a i n ,  The machine h a s  g e n e r a k e d  
v o l t a g e s  up t o  a b o u t  2 - 4  M e V o  

The i n s t a b i l i t i e s  f i r s t  obse rved  i n  t h e  machine were due t o  t h e  f a i l u r e  
o f  t h e  r e s i s t o r s  d i v i d i n g  t h e  v o l t a g e  down t h e  column, P a r t l y  f o r  p rocmement  
r e a s o n s ,  b u t  p r i n c i p a l l y  t o  g a i n  f l e x i b i l i t y  i n  t h e  machine a s  w e l l  a s  a c q u i r e  
f a m i l i a r i t y ,  T h i s  h a s  
t h e  a d v a n t a g e  o f  c o n t i n u o u s  c o n t r o l  o f  t h e  b l e e d e r  c u r r e n t  down Ithe column,, 
The c o n v e r s i o n ,  however,  w a s  f o l l o w e d  by a v'gunking upw o f  t h e  machine and a 
d e t e r i o r a t i o n  o f  t h e  neoprene  t u b e  c o n n e c t o r s .  These e f f e c t s  were a t t r i b u t e d  
to t h e  i n c r e a s e d  abundance o f  ozone from t h e  c o r o n a  c o n t r o l ,  I t  i s  b e l i e v e d  
t h a t  t h e  machine can  now b e  p u t  i n t o  r e l i a b l e  o p e r a t i o n ,  and t h e  e x p e r i e n c e  
g a i n e d  u s e d  t o  g r e a t  a d v a n t a g e ,  The n e x t  s t e p ,  which i s  now u n d e r  way, i s  

e l e c t r o n i c  v o l t a g e  c o n t r o l  t o  smooth o u t  t h e  2% f l u c t u a t i o n  i n h e r e n t  i n  t h e  
machine a t  p r e s e n t ,  I t  s h o u l d  be no ted  t h a t  t h e  machine h a s  run  f o r  s u s t a i n e d  
p e r i o d s  a t  1 .8  Mev and 200 p a .  

t h e  r e s i s t o r  c o n t r o l  was r e p l a c e d  by  co rona  c o n t r o l ,  
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Conversion to a Positive Ion Machine. D e t a i l e d  i n f o r m a t i o n  a b o u t  p e r f o s -  
mance o f  t h e  p r e s e n t  i o n  s o u r c e s  a w a i t s  t h e  c o m p l e t i o n  o f  t h e  t r a n s f o r m e r  
r e c t i f i e r  v o l t a g e  s u p p l y ,  now n e a r i n g  comple t ion .  A tes t  s e c t i o n  o f  t h e  p r o -  
posed  t u b e  h a s  been  c o m p l e t e d  and h a s  s a t i s f a c t o r i l y  p a s s e d  its Peak tests. 
The n e x t  o p e r a t i o n  i s  t h a t  o f  d e t e r m i n i n g  t h e  v o l t a g e  breakdown c h a r a c t e r i s t i c  
o f  t h e  s e c t i o n .  The s p e c i a l  p r e s s u r i z e d  chamber f o r  c o n d u c t i n g  t h e  breakdown 
tests i s  complete  so t h i s  p h a s e  of t h e  o p e r a t i o n  can p roceed  s h o r t l y .  I f  t h e  
s e c t i o n  s t a n d s  up s a t i s f a c t o r i l y ,  work on t h e  tube  will commence a t  once.  The 
u p p e r  pullecy h a s  been r e - d e s i g n e d  w i t h  a g e n e r a t o r  c a p a b l e  o f  f u r n i s h i n g  t h e  
power r e q u i r e m e n t s  o f  t h e  a p p a r a t u s  u n d e r  t h e  t o p  t e r m i n a l .  The g e n e r a t o r s  
f o r  t h i s  p u l l e y  a r e  due  t o  a r r i v e  s h o r t l y .  S t u d i e s  a r e  c o n t i n u i n g  on t h e  d i s -  
cha rge  c h a r a c t e r i s t i c s  of  CO, f o r  u s e  a s  a f i l l i n g  g a s ,  and a l s o  on methods o f  
water removal.  
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S i n c e  t h e  Bast q u a ~ t e r ~ l y  r e p o r t  t h e r e  h a v e  been  some r a t h e r  s t r i k i n g  

The s p e c i f i c  problems under  developments  i n  t h e  work on t h e o r e t i c a l  p h y s i c s o  
a t t a c k  a r e :  

(19 Internal conversion in the L-shell and a continuation of work on 

K-shell internal conversion. T h i s  h a s  been  t h e  ma jo r  e f f o r t ,  O u t  o f  t h i s  
work t h e r e  w i l l  come t h e  m a t e r i a l  t o  a t t a c k  a l l  t h e  p rob lems  of  what may be 
c a l l e d  r e l a t i v i s t i c  e l e c t r o n  p h y s i c s  and r a d i a t i o n  ( s e e  be low) ,  

(2) The effect of finite nuclear size o n  beta-decay, T h i s  work is  a l -  

The r a t i o  of L t o  K orbital electron capture.,This work i s  f i n i s h e d .  
Finite s i z e  of nucleus in ilrternal conversion (No T r a l l i ) .  

most f i n i s h e d ,  

(39 
(49 
(5) Pair formation ( J n  L, Jackson) . .  
The f o l l o w i n g  i s  a s k e l e t a l  o u t l i n e  o f  work done and r e s u l t s  o b t a i n e d  on 

t h e  problems. 
Internal Conversion, As s t a t e d  p r e v i o u s l y  t h e  L - s h e l l  i n t e r n a l  c o n v e r s i o n  

r e q u i r e s  t h e  n u m e r i c a l  c a l c u l a t i o n  o f  s c r e e n e d  r e l a t i v i s t i c  e l e c t r o n  wave 
f u n c t i o n s  f o r  bound s t a t e s  of a toms t h r o u g h o u t  t h e  p e r i o d i c  t a b l e  and f o r  
continuum s t a t e s ,  f o r  e n e r g i e s  
up t o  5 - 6  Mev and a l l  a n g u l a r  momenta from % t o  P3/2 i n e l u s i v e ,  The problems 
which come up and t h e i r  p r e s e n t  s t a t u s  is  d e s c r i b e d  below: 

a g a i n  f o r  Z ( a tomic  number) r a n g i n g  from 10.390, 

( a )  The a t o m i c  p o t e n t i a l ,  The p o t e n t i a l  V i n  which t h e  e l e c t r o n s  move 
i s  a sum o f  t h r e e  p a r t s :  e l e c t r o s t a t i c  p a r t  w i t h  s c r e e n i n g ,  a n  e x c h a n g e  
p o t e n t i a l  and f o r  t h e  c o n t i n u u m  a h o l e  p o t e n t i a l  t a k i n g  i n t o  a c c o u n t  t h e  
s u b t r a c t i o n  of t h e  s e l f  i n t e r a c t i o n "  The model i s  t h a t  of Thomas-Fermi-Dirac,  
I t  i s  n o t  l i k e l y  t h a t  one can  do b e t t e r  t h a n  t h i s  f o r  t h e  p r e s e n t  s t a k u s  o f  
t h e  g e n e r a l  r e l a t i v i s t i c  e l e c t r o n  t h e o r y ,  The re  is c o n s i d e r a b l e  ev idence  t h a t  
t h i s  model w i l l  g i v e  r e s u l t s  of  . t he  a c c u r a c y  w e  r e q u i r e ,  The compnta t ion  o f  
a t  l e a s t  t h e  e l e c t r o s t a t i c  p a r t  o f  t h e  p o t e n t i a l  h a s  been c a r r i e d  o u t  by o t h e r  
a u t h o r s  f o r  10 v a l u e s  of Z b u t  t h e r e  a r e  g a p s  i n  t h e  r dependence and it is 
p e r h a p s  b e t t e r ,  f rom t h e  p o i n t  of view o f  t h e  machine (Mark I11 p e r h a p s )  t o  
r e c a l c u l a t e  t h e  f i e l d s  f o r  t h e  v a l u e s  of Z t~ be used i n  t h e  i n t e r n a l  conve r -  
s i o n  work, A t  p r e s e n t  t h e  on ly  problem h e r e  i s  t o  f i n d  a i n ~ e r p o l a ~ o r y - i t e r a -  
t i v e  method f o r  t h e  q u a n t i t y  which p l a y s  t h e  r o l e  of  t h e  e i g e n v a l u e -  

( b )  The ground s t a t e  wave f u n c t i o n s ,  The V d i s c u s s e d  in ( a )  i s  t t ~  be 
i n s e r t e d  i n  t h e  D i r a c  e q u a t i o n s  The methods of  n u m e r i c a l  i n t e g r a t i o n  have 
been examined and i t  seems c l e a r  t h a t  t h e  Milne method i s  q u i t e  s u i t a b l e "  The 
c h i e f  d i f f i c u l t y  i s  o b t a i n i n g  an a c c u r a t e  wave f u n c t i o n  ( p a i r 9  when o n e  
d o e s n ' t  have an a c c u r a t e  e i g e n v a l u e '  Good s t a r t i n g  e i g e n v a l u e s  were o b t a i n e d  
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