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ABSTRACT

We show t h a t  t h e r e  i s  a  sym m etry  t r a n s f o r m a t i o n  i n  th e  s y m m e tr ic  
A nderson  m odel w hich c o n s i s t  of a n  e l e c t r o n - h o l e  t r a n s f o r m a t i o n  a p p l i e d  
o n ly  f o r  one s p i n - d i r e c t i o n  and t h e  change o f  s i g n  of t h e  Coulomb e n e rg y  
U. By u s in g  t h i s  symmetry i t  i s  p o s s i b l e  t o  p r o v e  t h a t  b o t h  th e  e l e c t r o n -  
e l e c t r o n  a n d  e l e c t r o n - h o l e  c o r r e l a t i o n  a re  o f  im p o r ta n c e  an d  s e v e r a l  
q u a n t i t i e s  m ust he ev en  f u n c t i o n  i n  U in  t h e  l o c a l i z e d  s p i n  f l u c t u a t i o n  
t h e o r y .

KIVONAT

M eg m u ta tju k ,  h o g y  a  s z im m e t r ik u s  A n d e r s o n  m o d e l l  e s e té b e n  v a n  
egy  o ly a n  s z i m m e t r i a - t r a n s z f o r m á c i ó ,  amely c s u p á n  az e g y i k  s p i n  á l l á s ú  
e l e k t r o n o k r a  a l k a l m a z o t t  e l e k t r o n - l y u k  t r a n s z f o r m á c i ó b ó l  és  az  U Cou
lomb e n e r g i a  e l ő j e l é n e k  m e g v á l t o z t a t á s á b ó l  á l l .  F e l h a s z n á l v a  e z t  a  
t r a n s z f o r m á c i ó t  b e b i z o n y í t j u k ,  hogy a  l o k a l i z á l t  s p i n  f l u k t u á c i ó - m o d e l l -  
b e n  az  e l e k t r o n - e l e k t r o n  é3 az e l e k t r o n - l y u k  k o r r e l á c i ó k  e g y a r á n t  l é n y e 
g e s e k  és. t ö b b  k ü lö n b ö z ő  m en n y iség  U p á ro s  fü g g v é n y e .

РЕЗЮМЕ

В с т а т ь е  п о к а з а н о ,  ч то  в с и м м е т р и ч е с к о й  м одели  А н д е р с о н а  с у 
щ е с т в у е т  п р е о б р а з о в а н и е  с и м м е т р и и ,  к о т о р о е  с о д е р ж и т  э л е к т р о н н о - д ы р о ч 
н о е  п р е о б р а з о в а н и е ,  п р и м е н е н н о е  т о л ь к о  для о д н о г о  и з  с п и н о в ы х  н а п р а в 
л е н и й  и и з м е н е н и е  з н а к а  к у л о н о в с к о й  э н е р г и и .  С помощью э т о г о  п р е о б р а 
з о в а н и я  д о к а з ы в а е т с я ,  ч т о  в м од ел и  л о к а л и з и р о в а н н о й  с п и н о в о й  ф лю ктуа
ц и и  к а к  э л е к т р о н н о - э л е к т р о н н ы е ,  т а к  и э л е к т р о н н о -д ы р о ч н ы е  к о р р е л я ц и и  
-  з н а ч и т е л ь н ы ,  и н е с к о л ь к о  и з  в е л и ч и н  я в л я ю т ся  четными функциями к у л о 
н о в с к о й  э н е р г и и .



S in c e  lo n g  t im e  th e  n o n d e g e n e r a te  A nderson  m o d e l“' has  p r o v id e d  
th e  b a s e  f o r  s t u d y i n g  t h e  p r o p e r t i e s  o f  one  im p u r i ty  i n  n o n -m a g n e t ic  
h o s t .  I n  t h e  t r e a t m e n t  o f  t h i s  model th e  c r u c i a l  p ro b le m  i s  how t o  h an d le  
t h e  Coulomb r e p u l s i o n  be tw een  tw o e l e c t r o n s  w i t h  o p p o s i t e  s p i n s  on  th e  
l o c a l i z e d  o r b i t a l .  T h i s  p ro b lem  h a s  b een  a t t a c k e d  on  tw o  d i f f e r e n t  l i n e s  
d e p e n d in g  w h e th e r  t h e  e l e c t r o n - e l e c t r o n  o r  t h e  e l e c t r o n - h o l e  c o r r e l a t i o n  
has  b e e n  assum ed t o  be  th e  d o m in a t in g  o n e .  The f i r s t  c a s e  has b e e n

pworked o u t  by S c h r i e f f e r  and  M a t t i s  who e m p h a s iz e d  t h a t  th e  e l e c t r o n - h o l e  
c o r r e l a t i o n  can  be n e g l e c t e d  o n ly  i n  c a s e  o f  low e l e c t r o n  / o r  h o l e /  den
s i t y ,  w h e re  f o r  t h e  o c c u p a t io n  o f  t h e  l o c a l i z e d  o r b i t a l  by s p i n - u p  and 
s p in -d o w n  e l e c t r o n s  h o ld s

<nd t > + <nd ^ << 1 o r 1 - <nd+> + <nd s << 1

r e s p e c t i v e l y ,  as  i t  i s  known s i n c e  th e  e a r l y  days o f  t h e  many body  th e o r y ^  
N e v e r t h e l e s s ,  f i v e  y e a r s  ago S u h l  has  s u g g e s t e d  t h a t  i n  th e  o p p o s i t e  c a s e  
i t  i s  s u f f i c i e n t  t o  c o n s i d e r  o n ly  t h e  e l e c t r o n - h o l e  c o r r e l a t i o n  andс: n о
t h i s  i d e a  h as  b e e n  f o l l o w e d  by s e v e r a l  a u t h o r s  * '»  w o rk in g  on t h e  
l o c a l i z e d - s p i n  f l u c t u a t i o n  / L S F /  m odel. I n  t h e  f o l l o w i n g  one o f  t h e  most 
f a v o r i t e  l i m i t s  o f  t h i s  model t h e  sy m m e tr ic  c a s e  w i l l  be d i s c u s s e d .

The aim o f  t h e  p r e s e n t  l e t t e r  i s  t o  e x p l o i t  t h e  c o n s e q u e n c e s  of 
t h e  e l e c t r o n - h o l e  sym m etry e x i s t i n g  f o r  a  s p e c i a l  s e t  o f  p a r a m e t e r  v a lu e s  
t h a t  i n  t h e  n o n -m a g n e t ic  l i m i t  t h e  im p u r i t y  l e v e l  r e n o r m a l i z e d  i n  H a r t r e e -  
Fock a p p r o x im a t i o n  a n d  th e  d e n s i t y  of s t a t e s  of t h e  c o n d u c t io n  b a n d  a re  
sy m m e tr ic  t o  t h e  F e rm i  e n e rg y .  I t  i s  im p o r t a n t  t o  n o t i c e  t h a t  u s i n g  s u c h  
p a r a m e te r s  o f  t h e  m odel ou r  c o n s i d e r a t i o n s  a r e  n o t  r e s t r i c t e d  t o  t h e  n on 
m a g n e t ic  c a s e ,  b u t  h o l d  f o r  t h e  m a g n e t ic  c a s e ,  as w e l l .  As i t  i s  w e l l  
known, i f  one a p p l i e s  t h e  e l e c t r o n - h o l e  sym m etry  t r a n s f o r m a t i o n  f o r  th e  
c o n d u c t io n  e l e c t r o n s  and  f o r  t h e  l o c a l i z e d  e l e c t r o n s  f o r  b o t h  s p i n  o r i e n 
t a t i o n s  s i m u l t a n e o u s l y ,  t h e n  o n e  g e t s  t h e  f o l l o w i n g  symmetry o f  t h e  
s c a t t e r i n g  a m p l i tu d e  t x (to-i5) = - t  ( -m -i6) . We s u g g e s t  now th e  a p p l i c a t i o n  
o f  s u c h  t r a n s f o r m a t i o n  only  f o r  e . g .  s p i n - u p  e l e c t r o n s  l e a v i n g  t h e  s p i n -  
down e l e c t r o n  s t a t e s  u n a l t e r e d  by w hich  one o b ta in s  a n  o th e r  p h y s i c a l  
s y s t e m .  H owever, i n  o r d e r  t o  a c h i e v e  a  c o m p le te  sym m etry  t r a n s f o r m a t i o n
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t h e  s i g n  o f  t h e  Coulomb e n e r g y  U s h o u l d  be c h a n g e d ,  as w e l l .  T h is  i s  
o b v i o u s ,  b e c a u s e  a p p ly in g  t h i s  e l e c t r o n - h o l e  t r a n s f  ormát i o n  r e s t r i c t e d  
t o  one s p i n - d i r e c t  ion  t h e  r e p u l s i o n  o f  s p in - u p  a n d  sp in -d o w n  e l e c t r o n s  
on t h e  im p u r i ty  l e v e l  goes  i n t o  r e p u l s i o n  b e tw e e n  s p in -d o w n  t i l e c t r o n - a n d  
h o l e ,  w hich c a n  b e  re m e d ie d  by c h a n g in g  th e  s i g n  o f  T h is  symmetry 
t r a n s f o r m a t i o n  l e t  us t o  show  t h a t  s e v e r a l  q u a n t i t i e s  of t h e  LSP model 
s h o u l d  be even  f u n c t i o n  o f  t h e  Coulomb r e p u l s i o n  w h ich  may be  i n t e r p r e t e d  
as  a  c o n s e q u e n c e  o f  th e  c o m p a ra b le  s t r e n g t h  o f  t h e  e l e c t r o n - h o l e  and 
e l e c t r o n - e l e c t r o n  c o r r e l a t i o n .

The A n d e rso n  H a m i l to n i a n  c a n  be w r i t t e n  a s  th e  sum o f  th e  
f o l l o w i n g  te rm s

w h ere

H = Ho + Hó + HV + HU 111

Hо = У (at
As V Xs a As + b As b As) /1 а /

H' = -  5  + ( + W d + d + d + d ) /1Ь /о d 2 / \  s  s - s  - s  /

Hv = l VAd As ds ( a As + b A-s) + c . c . /1 с /

Hu = U (d* d 4 s  s -  i ) ( d - s  d- s  - 1 ) / I d /

f u r t h e r m o r e ,  a + / b + /  i s  t h e  c r e a t i o n  o p e r a t o r  o f  a  c o n d u c t i o n  e l e c t r o n  
a b o v e  / o r  h o le  b e l o w /  t h e  F e rm i l e v e l  w i t h  s p i n  s  / - s / ,  s i m i l a r l y  ds 
r e f e r s  t o  t h e  e l e c t r o n  on t h e  l o c a l i z e d  l e v e l  w i t h  en e rg y  e^* and V^d 
d e n o t e s  th e  t r a n s i t i o n  a m p l i t u d e  of a  c o n d u c t io n  e l e c t r o n  t o  th e  l o c a l 
i z e d  l e v e l ,  f i n a l l y ,  U i s  t h e  Coulomb e n e rg y .  By i n t r o d u c i n g  th e  common 
i n d e x  A and  e n e r g y  f o r  e l e c t r o n s  and h o l e s  t h e  e l e c t r o n - h o l e
sym m etry  i s  e n s u r e d  in  t h e  c o n d u c t io n  b a n d .

f u r t h e r m o r e ,  we a s s u m e  a s y m m e tr ic  l o c a l i z e d  l e v e l  p o s i t i o n  t o  
t h e  Ferm i l e v e l ,  th u s  t h e  p a r a m e te r s  s a t i s f y  t h e  f o l l o w i n g  e q u a t i o n

s o  t h e  te rm  g i v e n  by Eq. ( l b )  becomes a  c o n s t a n t  H*=-U /4.
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Now we g iv e  t h e  u n i t a r y  o p e r a t o r  o f  t h e  c a n o n i c a l  t r a n s f o r m a 
t i o n  by w hich  t h e  s p i n - u p  e l e c t r o n s  and  h o le s  ax-e t r a n s f o r m e d  i n t o  e a c h  
o t h e r

T = (d + + d +) (■*• ~ a X-t a X + "  b X4- b X+ “ a X+ b X+ _ b Xi a X+)

T h is  t r a n s f o r m a t i o n  a c t s  on H e is e n b e rg  o p e r a t o r s  t a k e n  a t  t im e  t= 0  i n  
t h e  f o l l o w i n g  way

т ■;,(») t _ 1 -
a n d  1̂ 1

T d + (o )  T- 1  = d + (0 )

w h i le  t h e  o p e r a t o r s  a t , ( ° ) *  b* (o )  an d  d+(o )  a r e  i n v a r i a n t #At At t

I t  i s  e a s y  t o  c h e c k  t h a t  t h i s  t r a n s f o r m a t i o n  l e a v e s  i n v a r i a n t  
t h e  f i r s t  t h r e e  te rm s  o f  t h e  H a m i l to n i a n  g i v e n  by E q s . ( l a - c ) ,  b u t  
ch an g es  t h e  s i g n  o f  t h e  Coulomb te rm  g iv e n  by Eq. ( i d ) ,  i . e .

T hese  mean t h a t  i f  one a p p l i e s  t h i s  c a n o n i c a l  t r a n s f o r m a t i o n  and  
s im u l t a n e o u s l y  ch an g e s  t h e  s i g n  o f  U i n  Нц t h e  e x a c t  r e s u l t s  of 
t h e  th e o r y  a r e  u n a l t e r e d .  E . g .  i f  one c o n s id e i ’es  t h e  s t a t i s t i c a l  a v e r 
age  o f  t h e  p r o d u c t  o f  some o p e r a t o r s  A2 ( t 2) . . .  w i t h  p o s i t i v e

U th e n  t h i s  symmetry r e s u l t s  i n  t h e  f o l l o w i n g  i d e n t i t y

<A i ( t 1) A2 ( t 2) . . #>^ - £
.RH iHti „ iH(-t,+t )

T r i e  e  1 Ax ( 0 )  e  1 2 A2 ( 0 )  e
- i H t .

. . . )

Tr e -6H и =

<AlCfci) A2( t 2) . . # >_u /6/



-  4 -

w here  we u se d  t h a t  t h e  o p e r a t i o n  T r  i s  i n v a r i a n t  u n d e r  u n i t a r y  t r a n s f o r m a 
t i o n s  an d  s u b s c r i p t  U o r  -U i n d i c a t e s  t h e  s i g n  o f  t h e  Coulomb te rm  
i n  t h e  H a m i l to n ia n ,  f i n a l l y ,  t h e  o p e r a t o r  A± i s  d e f i n e d  a s  A ( o ) =
= T A_̂  (o) T . I t  i s  w o r th  m e n t io n in g  t h a t  t h i s  r e s u l t  i s  g e n e r a l l y  v a l i d  
a n d  i s  c o m p le te ly  in d e p e n d e n t  o f  t h a t  t h e  im p u r i ty  b e h a v e s  m a g n e t ic  o r  
n o t .

F i r s t  we a p p ly  ou r  r e s u l t s  t o  t h e  t h e r m a l  e n e r g y .  Making use  o f  
E q s . (4 )  an d  ( 6 ) one g e t s

<H + о »V V , = <H + о »V V

a n d  c o n s i d e r i n g  th e  te rm  g i v e n  by Eq. ( l b )  a . l s o ,  one may c o n c lu d e
t h a t  t h e  en e rg y  can  be w r i t t e n  i n  t h e  g e n e r a l  fo rm

E = <H> = j  + / t e rm s  even  in  U/ . / 7 /

q
T h is  r e s u l t  has  b e e n  f i r s t  d e r i v e d  by Yo3 i d a  an d  lam ada^  i n  t h e  f ram ew ork  
o f  p e r t u r b a t i o n  th e o r y  i n  U  f o r  z e ro  t e m p e r a t u r e ,  b u t  i s  h a s  b een  
c o n s i d e r e d  t o  be  v a l i d  on ly  i n  t h e  n o n -m a g n e t ic  l i m i t .  I n  o u r  d e r i v a t i o n  
no s u c h  r e s t r i c t i o n  has  b e e n  made. I t  may be  m e n t io n e d  t h a t  t h e  e x p r e s 
s i o n  o f  t h e  en e rg y  i n  t h e  H a r t r e e - F o c k  a p p r o x im a t i o n  (a s s u m in g  th e  
m a g n e t ic  l i m i t )  can  n o t  be w r i t t e n  i n  t h e  form  p ro v e d  above '1' .

S i m i l a r  c a l c u l a t i o n  shows t h a t  t h e  f r e e  e n e rg y  a l s o  e x h i b i t s  
t h e  same s t r u c t u r e  as  g iv e n  by E q . ( 7 ) .

L e t  us t u r n  t o  t h e  G re e n ’s f u n c t i o n s  and  i t  w i l l  be assum ed  t h a t  
i n  t h e i r  d e f i n i t i o n s  t h e  a v e ra g e  i s  made w i t h  a  c o m p le te  s e t  o f  s t a t e s  . 
A p p ly in g  t h e  i d e n t i t y  g iv e n  by E q . ( 6) ,  e . g .  t o  t h e  d o w n -sp in  one 
p a r t i c l e  G re e n ’s  f u n c t i o n s .  I t  f o l l o w s  im m e d ia te ly  t h a t  t h e  one p a r t i 
c l e  G re e n ’s f u n c t i o n  must be an  ev en  f u n c t i o n  o f  JJ  , t h u s  t h e  s e l f -  
en e rg y  must be a n  even  f u n c t i o n ,  as  w e l l

Е ( ш)у  = Z((o)_0  , 181

e . g .  t h e  s e l f - e n e r g y  o f  t h e  l o c a l i z e d  e l e c t r o n  must hav e  a  v a n i s h i n g

Q
At z e r o  t e m p e r a t u r e  i n  t h e  m a g n e t ic  l i m i t  some a u t h o r s ^  d e f i n e  t h e  
G re e n ’s f u n c t i o n  as t h e  e x p e c t a t i o n  v a l u e  o f  o p e r a t o r s  t a k e n  w i t h  one 
o f  t h e  two d e g e n e r a t e  g r o u n d s t a t e  wave f u n c t i o n .  Thus i n  t h i s  c a s e  t h e  
t r a c e  o c c u r in g  i n  Eq. ( 6 ) does  n o t  c o r r e s p o n d  t o  a  c o m p le te  s e t  of 
s t a t e s ,  t h e r e f o r e ,  t h i s  i d e n t i t y  can  n o t  be  a p p l i e d  t o  s u c h  G re e n ’s 
f u n c t i o n s .
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c o n t r i b u t i o n  in  t h e  t h i r d  o r d e r  o f  p e r t u r b a t i o n  t h e o r y .  A c t u a l l y ,  i n  
t h i r d  o r d e r  t h e r e  a r e  two a e l f - e n e r g y  d ia g ra m s  g iv e n  i n  F ig .  1 . ,  w h ich  
c a n c e l  e a c h  o t h e r ,  t h u s  t h e  d ia g ra m s  c o n t a i n i n g  t h e  e l e c t r o n - e l e c t r o n  
and  e l e c t r o n - h o l e  l a d d e r s  have o p p o s i t e  s i g n s  i n  any o d d - o r d e r s  o f  t h e  
p e r t u r b a t i o n  t h e o r y .  H owever, i n  any h i g h e r  o d d - o r d e r  t h e r e  a r e  more 
d ia g ra m s ,  b u t  th e y  s h o u ld  be c o m p le te ly  c a n c e l e d ,  as  w e l l .

F i n a l l y ,  we d i s c u s s  t h e  e l e c t r o n - h o l e  c o r r e l a t i o n  f u n c t i o n  f o r  
w h ich  t h e  f o l l o w i n g  i d e n t i t y  h o ld s  as  a c o n s e q u e n c e  o f  E q s . (4 )  and  ( 6 )

<d- s ( t )  d s ^  V * ' *  -

= <d_s ( t )  d s ( t )  d + ( t ' )  d+s ( t ' ) >

/ 9 /

T h is  i n d e n t i t y  means t h a t  t h e  e l e c t r o n - e l e c t r o n  and  e l e c t r o n - h o l e  
c o r r e l a t i o n  w i th  t o t a l  s p i n  z e r o  and  one r e s p .  a r e  o f  t h e  same a m p l i tu d e  
i n  any o r d e r  o f  U, b u t  i n  o d d - o r d e r s  th e y  have  o p p o s i t e  s i g n s .

Fig.1 Self-energy diagrams in 
third order of the per
turbation theory. The 
solid and wavy lines 
represent the propagator 
of the localized electron 
and Coulomb interactions, 
resp.

The d i s c u s s i o n  o f  t h e  a p p l i 
c a b i l i t y  o f  t h e  S c h r i e f f e r - W o l f f 'L<“) 
t r a n s f o r m a t i o n  t o  d e r i v e  an  s - d  
H a m i l to n ia n  c o u ld  be o f  c o n s i d e r a b l e  
i n t e r e s t .  H owever, i n  t h e  c a s e  o f  t h e  
sym m etr ic  A nderson  model i n  some ap p ro x  
i m a t i o n s ^  w here  t h e  e l e c t r o n - e l e c t r o n  
and  e l e c t r o n - h o l e  c h a n n e ls  w ere n o t  
t r e a t e d  d i f f e r e n t l y  i t  h as  b e e n  f o u n d ,  
t h a t  some s i n g u l a r  c o n t r i b u t i o n s  c a n 
c e l  e a c h  o t h e r ,  t h e r e f o r e ,  a  v e ry  c a r e 
f u l  i n v e s t i g a t i o n  i s  r e q u i r e d  w h ich  i s  
beyond t h e  s c o p e  o f  th e .  p r e s e n t  p a p e r .

I t  may be m e n t io n e d  t h a t  s im 
i l a r  c o n c l u s i o n s  may be  drawn s t a r t i n g  
w i t h  t h e  o t h e r  fo rm  o f  t h e  sy m m e tr ic  
LSF model s u g g e s t e d  by L e d e r e r  and  
M i l l s ^ ,  b u t  e x c lu d in g  some v e ry  s p e c i a l  
model o u r  r e s u l t s  can  n o t  be g e n e r a l 
i z e d  t o  t h e  p ro b lem  of t h e  b u lk  p a r a -  
magnons. The d i f f i c u l t i e s  a r i s i n g  i n  
t h i s  g e n e r a l i z a t i o n  a r e  due t o  t h e  c o n 
s e r v a t i o n  o f  t h e  momenta.
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Sum m ariz ing  o u r  r e s u l t s  i n  t h e  c a s e  o f  t h e  sy m m e tr ic  A nderson 
model t h e  en e rg y  an d  f r e e  e n e rg y  sire U /4  and  e v e n  f u n c t i o n s  o f  th e  
Coulomb r e p u l s i o n .  F u r th e r m o re ,  th e  e l e c t r o n - e l e c t r o n  c o r r e l a t i o n  has 
th e  same a m p l i tu d e  a s  t h e  e l e c t r o n - h o l e  c o r r e l a t i o n  i n  any o r d e r  o f  
t h e  p e r t u r b a t i o n  t h e o r y .  T h is  r e s u l t s  i n  t h e  v a n i s h i n g  o f  t h e  s e l f - e n 
e rg y  i n  o d d - o r d e r s .  One may c o n c lu d e  t h a t  i n  t h e  LSF th e o r y  t h e  summa
t i o n  o n ly  of t h e  e l e c t r o n - h o l e  l a d d e r  d ia g ra m  i s  n o t  j u s t i f i e d ,  b e c a u s e  
e . g .  th e y  g iv e  f i n i t e  c o n t r i b u t i o n  i n  o d d - o r d e r s ,  as  w e l l*  Our r e s u l t s  
on t h e  d i f f e r e n t  c o r r e l a t i o n s  g i v e n  by Eq. <9) s t r o n g l y  s u g g e s t  t h a t  i n  
a  c o r r e c t  LSF th e o r y  t h e  e l e c t r o n - e l e c t r o n  an d  e l e c t r o n - h o l e  c o r r e l a 
t i o n s  must be t r e a t e d  s im u l t a n e o u s l y *  w hich  means i n  te rm s  o f  d iag ram s 
th e  sum m ation  of t h e  " p a r q u e t "  d ia g ra m s .  To o u r  know ledge u n t i l  now no 
s u c c e s f u l  a t t e m p t  h as  b een  made on t h i s  l i n e .  We s h o u ld  em p h a s iz e  t h a t  
b e f o r e  a  f u n d a m e n ta l  im provem ent o r  c l a r i f i c a t i o n  o f  t h e  l o c a l i z e d  s p i n  
f l u c t u a t i o n  t h e o r i e s  t h e  n u m e r i c a l  c o m p a r i s io n  o f  t h e  e x p e r i m e n t a l  d a t a  
w i th  t h e o r e t i c a l  r e s u l t s  i s  m e a n in g le s s .

One o f  t h e  a u t h o r s  / A . Z . /  e x p r e s s e s  h i s  g r a t i t u d e  f o r  th e  k in d  
h o s p i t a l i t y  i n  t h e  L a u e -L a n g e v in  I n s t i t u t ,  w here  t h e  main r e s u l t s  w ere 
a c h i e v e d .  We a r e  g r a t e f u l  t o  J ,  Sólyom and  H. S u h l  f o r  v a l u a b l e  d i s 
c u s s io n s  , ‘f u r t h e r m o r e ,  t o  G. G rü n e r  a n d  N. M enyhárd f o r  t h e i r  comments 
and t o  K. F i s c h e r  f o r  c a l l i n g  R e f .  9» t o  o u r  a t t e n t i o n .
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