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Spin r e s o n a n c e  i s  o b s e r v e d  us ing  m i c r o w a v e  
e l e c t r o m a g n e t i c  and acous t i c  f i e lds  as  p robes .  
In t e rac t ions  be tween the sp ins  b roaden  the r e s o -  
nance,  whose l ine shape has  been  def ined e l s e -  
where  [1]. The shape may  depend on the p robe  
used ,  and for  ions with an ef fec t ive  sp in  S' > ½ 
d i f fe ren t  l ine shapes  r e s u l t  in g e n e r a l  [2]. It i s  
p r o p o s e d  to show that  the l ine shape does  not de-  
pend on the p robe  for  S '  = ½; th is  fo l lows f r o m  
the p o s s i b i l i t y  of wr i t i ng  any moment  of the l ine 
shape in a f o r m  which does  not  depend on the de-  
t a i l s  of the probe .  

The Hamil tonian  for  the s y s t e m  of sp ins  i s  

where  ~ 2  is  the Zeeman  ene rgy  for  a magne t ic  
f i e ld  p a r a l l e l  to the z ax is ,  a n d Q { / d e s c r i b e s  the 
effect  of the p robe ,  ggr wi l l  be cons ide r ed  sma l l .  
~{ss is  the s p i n - s p i n  in te rac t ion :  

T 

~ss = h s s  + h s s  , 

where  h s s  c o m m u t e s  with~gz. The s p i n - s p i n  in-  
t e r a c t i o n  i s  t runca t ed  by dropping  h~s , which 
g ives  s u b s i d i a r y  l ines  to the ma in  r e s o n a n c e  l ine 
[3]. 

(~ + %s)l ~> : E~I ~> 

the moments of the line shape for the interaction 
~{/are: 

< N>r = nn ~ 

where  

~Wnn , = E - En, 

and K is a normalising factor. 
It follows from the definition of an effective 

• spin of ½ that it is always possible to write the 
probe interaction, ~{[, with such spins as: 

~ i  = ~i ( a i S i  + biSiy + c i S i  + d i r i )  , (1) 

i l abe l l ing  the sp ins .  
In some c a s e s  th is  can be wr i t t en  

% : (ASx+BSy) + (cs  +DO 
! 

= h I + h I 

where 

and 

(2) 

where  

c 2 + s 2 = 1 

the commuta t ion  r e l a t i o n s  and the fo rm of ~ z  and 
hss  a r e  u n a l t e r e d  a p a r t  f r om the r e p l a c e m e n t  of 
Sc~ by ~a. The t r a n s f o r m a t i o n  i s  equivalent  to a 
v i r t ua l  ro ta t ion  about the z ax is .  The probe  in-  
t e r ac t i on  b e c o m e s  

h I = (Ac + Bs)~  x + (Bc - As)(;y . 
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÷ h s s ,  h ; ]  -- o .  

h; can only connect f n> and In,> if corm, is zero, 
and so does not contribute to the moments. 

The important terms in the Harniltonian are: 

hI = A Sx + B Sy . 

hss is a very general form of truncated two-body 
interaction between effective spins of ~.i The sum 
over j and k may include spins which do not con- 
tribute to the resonance line. 

Under the transformation 

S x - ~  % = S x C + S y s  

Sy -~ ~y = Sx( -s )  + SyC 
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Choosing Bc  = A s  and wr i t ing  

K = { E  
n ~ n  t 

the Nth momen t  i s  

I<. Ihz I-'> I2} "l 

wN 2 
n n  T 

<con > = n ,n '  D 2 (3) 
fL~?/v 

and does not depend on A, B, C, D which charac- 
terise the probe. The moments (and therefore the 
l ine shape)  a r e  the s a m e  for  any probe  for  which 
(1) and (2) a r e  equivalent .  They a r e  c e r t a i n l y  
equivalent  if the p robe  i n t e r ac t i on  does  not v a r y  
f r o m  spin  to spin,  i .e .  if ai, bi, c i and d i are  in-  
dependent  of i.  In p r a c t i c e  t he re  i s  a c o m p l i c a -  
t ion in that  the p robe  i s  often a s y s t e m  of s t and-  
ing waves  which i n t e r a c t  l e s s  s t r o n g l y  with sp ins  
n e a r  nodes  than with t h o s e  n e a r  ant inodes .  Mic ro -  
wave acous t i c  and e l e c t r o m a g n e t i c  f i e lds  c o r r e -  

spond to wavelengths  which a r e  l a rge  c o m p a r e d  
with the spin  s e pa ra t i ons ;  the ai, bi, c i and d i are 
cons tant  over  r e g ions  conta ining many  sp ins  and 
(3) holds  fo r  each reg ion .  

The proof  cannot be ex tended  to include sp in  
s y s t e m s  with m o r e  complex  g roups  of low lying 
l eve l s ,  for  the i r  i n t e r ac t i on  with the probe  need 
not  be l i n e a r  in the spin  components .  The lineari- 
ty in spin  components  was u s e d  at  s e v e r a l  points  
in th is  d i seuss ion .  

This  work was p e r f o r m e d  at  B r i s t o l  Un ive r s i ty  
while  the author was in r e c e i p t  of a D. S. I. R. R e ,  
s e a r c h  Studentship.  
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The r e l a t i o n  of the H a r t r e e - F o c k  t heo ry  to the 
g r a p h i c a l  p e r t u r b a t i o n  theory  of many p a r t i a l  
s y s t e m s  was  shown by Goldstone [1]. Thouless  [2] 
noted that  s t a r t i n g  f r o m  f r ee  p a r t i c l e s  one can 
f o r m a l l y  do a p a r t i a l  summat ion  of g raphs  which 
l e a d s  to the r e p l a c e m e n t  of the k ine t i c  e n e r g i e s  
with the H a r t r e e - F o c k  e n e r g i e s .  In th is  s u m m a -  
t ion the re  i s  a g e o m e t r i c a l  s e r i e s  and as  empha-  
s i z e d  s e v e r a l  t i m e s  [2-4] i t  does  not converge  in 
g e n e r a l  and the r e s u l t  i s  t h e r e f o r e  only fo rma l .  

Attent ion should be paid ,  however ,  to the fac t  
that  the r u l e s  fo r  g r a p h s  a r e  d e r i v e d  by  a l i m i t -  
ing p r o c e s s  and one m u s t  a lways  be ca re fu l  in 
changing the o r d e r  of an inf ini te  summat ion  and 
a l imi t ing  p r o c e s s .  In th is  c a se  i t  p r o v e s  that  
doing the p a r t i a l  summat ion  be fo re  going to the 
l i m i t  the r e s u l t  wi l l  come out qui te  c o r r e c t l y .  
The ca lcu la t ion  goes  then as  fo l lows :  

Take an a r b i t r a r y  "naked"  graph,  fig. 1, and 
c o n s i d e r  e s p e c i a l l y  th4 cont r ibu t ion  in i t  of a 
p a r t i c l e  l ine j which s t a r t s  a t  the t ime  t ~  and 
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ends at  t v. The value of the g raph  can be wr i t t en  

. . .  D . . . .  
. o t j . . ,  

Next, " d r e s s "  th is  p a r t i c u l a r  l ine  of the g raph  
as  shown in fig. 2 with the addi t iona l  i n t e r ac t ion  
l ines  at  the t imes  t l ' , . . .  , tk ' .  Now, the sum of 
al l  graphs  with f ixe~ n l ,  n2, n3, n 4 wi l  be 

exI~iT~ ( tv- t , , )  } t v  
• ' ~" {J Y,I~'} nl x 

"'" ~ "" nl:n2:n3:n4' "t'~ o,oJ.** 

x {f  z4e'f4... 
t ~  t ~  tp. 

where  

Z1 Z2 ~ ~ " = =  vjrjr, z 3 = r .  4 2  D 
r'-<kF r'-<kF 2 j r r j  

yie ld ing  


