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Spin resonance is observed using microwave
electromagnetic and acoustic fields as probes.
Interactions between the spins broaden the reso-
nance, whose line ghape has been defined else-
where [1]. The shape may depend on the probe
used, and for ions with an effective spin S' > %
different line shapes result in general [2]. It is
proposed to show that the line shape does not de-
pend on the probe for S' = 3; this follows from
the possibility of writing any moment of the line
shape in a form which does not depend on the de-
tails of the probe.

The Hamiltonian for the system of spins is

I =Tty +Fgs +Hr 5

where g is the Zeeman energy for a magnetic
field parallel to the z axis, and %y describes the
effect of the probe. ¥ will be considered small.
PHgg is the spin-spin interaction:

1
Hgg =hgg +hgg s

where hgg commutes with ;. The spin-spin in-
teraction is truncated by dropping %254, which
gives subsidiary lines to the main resonance line
[3]. &

Oy + hgg)|n) =Ey|n)

the moments of the line shape for the interaction
Hr are:

(0l = anjn Wl [l )2

where

hw ,=E -E
nn n n

and K is a normalising factor.

It follows from the definition of an effective
_spin of % that it is always possible to write the
probe interaction, %y, with such spins as:

g{l=?(ai5§'+ by S+ c;SE+d;1t), (1)

i labelling the spins.
In some cases this can be written

Hy = (ASx+BSy) +(CS, +D1I)
| @
=hl+hl

where
Sq = E Séz
i
and
[g{Z + hss' hl'-] = 0 .
hj can only connect |x) and | n') if w,,, is zero,

and so does not contribute to the moments.
The important terms in the Hamiltonian are:

H, =ES,

- L sdsk , c.sisk, sigk
hgg = k%j [Fir SISz + Gjp(s/s”+ 5757)]
hy=AS,+BS,.

hgg is a very general form of truncated two-body
interaction between effective spins of 3. The sum
over j and 2 may include spins which do not con-
tribute to the resonance line. '

Under the transformation

Sx = 0, = ch + Sys
Sy = 0y = (-S) + Syc
527 0,=5;,
where
c2 +s2=1

the commutation relations and the form of %, and
hgg are unaltered apart from the replacement of
Sq by 0y The transformation is equivalent to a
virtual rotation about the z axis. The probe in-
teraction becomes

hp= (Ac + Bs)o, + (Bc - As)ay .
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Choosing Bc = As and writing
K={ 2 |3t
n,n
the Nth moment is
2 Wl |(n oy 0|2

N _n, n'
(w > En, l<”|qx|n'>lz &)

and does not depend on A, B, C, D which charac-
terise the probe. The moments (and therefore the
line shape) are the same for any probe for which
(1) and (2) are equivalent. They are certainly
equivalent if the probe interaction does not vary
from spin to spin, i.e. if ¢, b;, ¢; and d; are in-
dependent of i. In practice there is a complica-
tion in that the probe is often a system of stand-
ing waves which interact less strongly with spins
near nodes than with those near antinodes. Micro-
wave acoustic and electromagnetic fields corre-

spond to wavelengths which are large compared
with the spin separations; the a;, b;, ¢; and d; are
constant over regions containing many spins and
(3) holds for each region.

The proof cannot be extended to include spin
systems with more complex groups of low lying
levels, for their interaction with the probe need
not be linear in the spin components. The lineari-
ty in spin components was used at several points
in this discussion.

This work was performed at Bristol University
while the author was in receipt of a D.S.I. R.Re-
search Studentship.
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The relation of the Hartree- Fock theory to the
graphical perturbation theory of many partial
systems was shown by Goldstone [1]. Thouless[2]
noted that starting from free particles one can
formally do a partial summation of graphs which
leads to the replacement of the kinetic energies
with the Hartree-Fock energies. In this summa-
tion there is a geometrical series and as empha-
sized several times [2-4] it does not converge in
general and the result is therefore only formal.

Attention should be paid, however, to the fact
that the rules for graphs are derived by a limit-
ing process and one must always be careful in
changing the order of an infinite summation and
a limiting process. In this case it proves that
doing the partial summation before going to the
limit the result will come ouf quite correctly.
The calculation goes then as follows:

Take an arbitrary "naked" graph, fig. 1, and
consider especially the contribution in it of a
particle line j which starts at the time ¢ i and
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ends at £,,. The value of the graph can be written
. Z]) oo exp{-iT; @y - £)} .

Next, "dress" this particular line of the graph
as shown in fig. 2 with the additional interaction
lines at the times ¢;,...,#, . Now, the sum of
all graphs with fixed n1, ng, ng, 74 wil be

exp{iT; (¢, )} F '
: ?Té—ﬁ{f “myay x

ty £y n ty n
x{f z;zdt'}”Z {tf zqdt'}’3 {tf P T 4

Ly u u
where
= = o < . = = l17- .
1= 22 r;fszle)F 2Vivjrs T3 = 24 frgelp 27 jrrj
yielding



