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S U M M A R Y

I n  t h i s  t h e s i s  a  r e p o r t  i s  g i v e n  o f  t h e  i n v e s t i g a t i o n s  o n
t h e  o r i e n t a t i o n  o f  a t o m i c  n u c l e i  i n  s o l i d s ,  w h i c h  h a v e  b e e n
ca r r i ed  ou t  s i nce  1948  i n  t he  Kamer l i ngh  Onnes  Labo ra to ry  o f  t he
Un ive rs i t y  o f  Le iden  i n  coope ra t i on  w i t h  t he  Phys i ca l  Labo ra to ry
of  the Univers i ty  o f  Gron ingen.

In  Chapter  I  a  br ie f  survey is  g iven of  the methods for  t ,he
. r o d u c t i o n  o f  n u c l  e a r  o r i e n t a t i o n .  T h e  o r i e n t a t i o n  c a n  b e  d e s -

c r i bed  by  pa rame te rs  Í t ,  i n t r oduced  to  t h i s  end  by  To lhoek  and
Cox  (T2 ) .  Two  k i nds  o f  o r i en ta t i on  a re  poss ib l e :  po la r í za t í on  and

a l i gnnen t .

When a s t rong l ' ragnet ic  f ie ld  in teracts  wi th  the weak nuc lear

magne t i c  momen ts  a  ce r ta i n  deg ree  o f  po l  a r i za t t on  may  resu l t  i f

t h e  t e m p e r a t u r e  o f  t h e  n u c l e a r  s p i n  s y s t e m  i s  s u f f i c i e n t l y  l o w
(Gor te r ,  1934  ( see  D3 ) ,  Ku r t i  and  S imon ,  1935  (K2 ) ) .  Temf ie ra tu res

o f  abou t  0 .01oK  a re  nee r i ed ,  bu t  t hese  have  so  f a r  no t  been  ob -

t a i n e d  i n  a  c o n s t a n t  f i e l  d  o f  a b o u t  2 0 0 0 0  o e r s t e d .  G o r t e r  a n d

R o s e ,  i n d e p e n d e n t l y  s u g g e s t e d  t o  u t i l i z e  t h e  h .  f . s .  c o u p l i n g  i n
pa ramagne t i c  i ons .  To  ob ta in  a  resu l t an t  nuc lea r  o r i en ta t i on  t he

magne t i c  i ons  t hen  mus t  be  o r i en ted  i n  one  way  o r  ano the r .  Th i s
m a y  b e  p e r f o r m e d  b y  a  r e l a t i v e l y  w e a k  m a g n e t i c  f i e l d  ( G 3 , G 4 , R l ,

R 3 )  o r  b y  c r y s t a l l i n e  e l e c t r i c  f i e l d s  i n  a  p a r a m a g n e t i c  a n i s o -

t r op i c  s i ng le  c r ys ta l ,  as  sugges ted  by  B leaney  (84 ) .  I t  was  a l so
p r o p o s e d  t o  u s e  a n t i f e r r o m a g n e b i s m  t o  t h i s  e n d  ( D 2 ,  G 6 ) .  A  s u g -
g e s t i o n  t o  o b t a i n  n u c l e a r  o r i e n t a t i o n  i n  a  s u i t a b l e  s i n g l e  c r y s -

t a l  b . y  i n te rac t i on  be tween  the  nuc lea r  e l ec t r i c  quad ru f ro l e  mom-

e n t s  a n d  t h e  c r y s t a l l i n e  e l e c t r i c  f i e l d  i s  d u e  t o  P o u n d  ( P 3 ) ,

I n  a l l  m e t h o d s  m e n t i o n e c l  v e r y  l o w  t e n p e r a t u r e s  ( 0 . 0 1 - 0 . t o f )  a r e

needed ,  wh i ch  mus t  be  ob ta ined  by  ad iaba t i c  demagne t i za t i on  o f  a
p a r a m a g n e t i c  s a l t .  T f  n o  e x t e r n a l  m a g n e t i c  f i e l d  i s  p r e s e n t ,

t hen ,  gene ra l l y ,  on l y  nuc lea r  a l i gnmen t  w i l l  be  p roduced .

C h a p t e r  I I  d e a l  s  w i t h  s o m e  t h e o r e t i c a l  a s p e c t s  o f  e x p e r i -

men ts  on  o r i en ted  nuc l  e i .  An  exp ress ion  i s  de r i ved  f o i '  t he  ab -

so r f i t i on  o f  t he rma l  and  resonance  neu t rons  by  po la r i zed  nuc le i .

I n  t h e  c a s e  o f  a  n o n - p o l a r i z e d  i n c i d e n t  n e u t r o n  b e a m  a  s e c o n d

order  dependence of  the absorpt ion on the degree of  nuc lear  po la-

rízation can be expected.
A  b r i e f  r ev iew  i s  g i ven  o f  a  nunhe r  n f  pa .pe r - s ,  dea l i ng  w i t h

the  angu la r  d i s t r i bu t i on  and  po la r i za t i on  o f  gamma rays  em i t t ed

b y  o r i e n t e d  n u c l e i  ( S 4 , S 5 , 5 6 , S 7 , T 1 , T 2 , C 5 , C 6 ) .  I t  i s  s h o w n  t h a t  a t
p resen t ' i t  w i l l  be  a lmos t  i n r f r oss ib l e  t o  c l e tec t  t he  c i r cu la r  po la -

B3



r i za t ion  o f  the  gamma rays  f rom po la r tzed  nuc le i  by  means o f
Compton scatter ing by magnet ized i ron.

In Chapter I I I  exper iments on the absorpt ion of  non-polarrz-
ed  neut rons  by  po la r rzed nuc le i  a re  repor ted .  No pos i t i ve  e f fec t
cou ld  be  shown wi th  Gd and Sm,  the  s ta t i s t i ca l  inaccuracy  be ing
5  %  a n d  3  %  r e s p e c t i v e l y .  S o m e  p o s s i b l  e  c a u s e s  o f  t h e  n e g a t i v e
resu l ts  a re  ment ioned.

Chapter  IV  dea ls  w i th  exper iments  where  the  an iso t rop ic  an-
gular distr j ,but ion of  gamma rays f rom or iented nucl  e i  is  used for
the  de tec t ion  o f  the  nuc lear  o r ien ta t ion .  Essent ia l  par ts  o f  the
e l e c t r o n i c  c l r c u i t s  f o r  t h e  c o u n t e r  d e v i c e s  a r e  d e s c r i b e d .  N o
d e t a i l e d  d e s c r i p t i o n  o f  t h e  c r y o g e n i c  a p p a r a t u s  i s  g i v e n ,  b u t
on ly  some impor tan t  fea tures  are  ind ica ted  as  fa r  as  needed fo r
the  d iscuss ion  o f  the  resu l ts .

No an iso t ropy  in  the  angu lar  d is t r ibu t ion  o f  the  gamma rays
w a s  f o u n d  w h e n  t h e  s a m p l e  c o n s i s t e d  o f  p o w d e r e d  i r o n  a m m o n i u m
alum conta in ing  a  smal l  amount  o f  the  rad ioac t ive  iso tope 59F" ,

a n d  i n  t h e  c a s e  o f  p o w d e r e d  c o b a l t  s u l p h a t e  c o n t a i n i n g  a  s m a l l
a m o u n t  o f  t h e  i s o t o r r e  6 0 C o .  A l s o  i n  t t r e  c a s e  o f  a n  u n d i l u t e d
s Í n g l e  c r y s t a l  o f  c o b a l t  a m m o n i u m  s u l p h a t e  t h e  r e s u l t s  w e r e  n e -
g a t i v è .  C o n v i n c i n g  p o s i t i v e  e f f e c t s  w e r e  f o u n d  u s i n g  C i l u t e d
s i n g l e  c r y s t a l s  o f  c o b a l t  a m m o n i u m  s u l p h a t e .  C r y s t a l s  i n  w h i c h
10-30 % copper  was incorpora ted  y ie lded max imum an iso t ropy  e f -

fects of  about 30 % in the angular distr ibut ion of  the gamma rays
f r o m  6 o c o ,  a t  t e m p e r a t u r e s  o f  a b o u t  0 . 0 2 o K .  T h e  e x p e r i m e n t a l  l y
f o u n d  a n g u l a r  d i s t r i b u t i o n  i s  i n  g o o d  a g r e e m e n t  w i t h  t h e  4 - 2 - A
s p i n  a s s i g n m e n t  t c  t h e  6 0 w i  l e v e l s  c o n c e r n e d "  F r o m  r e s u l t s  o b -
t a i n e d  w i t h  e  ( C o  3 . 5  %  Z n  9 6 . 5  % ) ( M + ) 2 ( S O 4 ) r . 9 F r 0  s i n g l e  c r y s -
t a l  t h e  v a l u e  o f  t h e  m a g n e t i c  m o m e n t  o f  t h e  o ' C o  n u c l e u s  w a s
d e t e r m i n e d  a t  4 , 3  t  0 . 2  n u c l e a r  m a g n e t o n s .  T h i s  v a l u e  i s  g i v e n
u n d e r  r e s t r i c t i o n  o f  s m a l l  u n e x p l a i n e d  d e v i a t i o n s  b e t w e e n  t h e
(T ,T* ) - re la t ion  found f rom the  an iso t ropy  measurements ,  and the
theore t ica l  l y  expec ted  (T ,T  )  - re1  a t ion  (T  =  abso l  u te  tempera ture ,
T \  =  magnet ic  tempera ture  as  found f rom Cur ie 's  law; .
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