experimental errors, with the exponent v = 0.66 characterizing the translational

diffusion Dt noeY [7, 8]. It is not clear whether this agreement is accidental
or not.

In the theory of Brownian motion, the coefficients of translational and ro-
tational diffusion Dt and Dr are expressed by the well-known Einstein formulas

Dt = kT/6mnr and Dr = kT/8mnr®, where r is the radius of the particle, n is the
viscosity, and T, = 1/6Dr is the anisotropy relaxation time. These relations

were extended to include also molecular processes, and it was obtained in the

theory of critical phenomena that Dt = kT/6mn&, where & is the correlation

radius. It follows from our investigation that for rotational diffusion in the
region of the critical point, either the formula for Dr with r replaced by &

does not hold near the critical point, or else the correlation radius for the
crientational motion differs strongly from the correlation radius for the trans-
lational motion, and one should thus assume the existence of another character-
istic dimension.

All the questions raised here can be solved, in our opinion, only by in-
vestigating this phenomenon experimentally and theoretically. Such investiga-~
tions can yield valuable information both on the behavior of substances near
critical points and on the physical nature of the kinetic processes that lead to
the appearance of a complex spectrum of depolarized scattering.
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It is known that indirect exchange interactions 1n oxides of transition
metals are the main factor governing the antiferromagnetic mutual orientation of

the magnetic moments of the catlons. A positive (ferromagnetic) interaction has
been predlcted for ghenomenological considerations [1], only for the case of
the Feldt - 0%~ - interaction (linear chain). Experimentally, however, no

such phenomenon has been observed so far to our knowledge.

To observe the proposed interaction, we have investigated, by the nuclear
gamma resonance (Mossbauer effect) method, the magnetic fields induced at Sn'!?®
nuclei introduced in small amounts (2.5 at.%) as "observers" in the compound
LaFel_XCrXO3. To balance the valence, a suitable number of Ca?" ions was intro-

duced. In perovskite structures, the Sn** ions occupy the same octahedral
positions as the magnetic cations. The ca?" ions enter into the rare-earth
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sublattice. We investigated four compounds with x = 0, 0.06, 0.13, and 1. The
samples were produced by the usual sintering method. The structure was checked
by x-ray diffraction. The NGR spectra of all four compounds, obtained at 78°K

with an Snll9m02 source, are shown in the figure. The marked position compounds

were obtalned by computer resolution.

In the analysis of the spectra and in the identification of the lines we
assumed the following:

1. The main contribution to the hyperfine field at the Sn'!® is made by in-
direct induction from six nearest neighbors (in analogy, e.g., with [2]).

2. The contributions from each of the equivalent cations are equal and iso-
tropic (it is known, for example, that for pure LaFeO; the Fe - O — Fe bonds are
equivalent [3]).

3. The cations Fe?' and cr®' in the mixed compounds (x = 0.06 and x = 0.13)
are statistically distributed.

In this case the components Bi, B2, and Bjs should pertain to the lons Sn"+
with surroundings (6Fe), (5FelCr) and (UFe2Cr), respectively. The hfs field in
each of these positions is determined by the

-5 . *
N-#7, counts simple relation

1B N, . s
" 0 Ay e W _
" Vol e H, = (6-n/h._ +nh. where n =0, 1, 2, §
(274 P t vt 4
- LR §
nast+ vy hp, and h,, are the contributions from each bond
. ¥
4 with Fe®t and Ccr3%, respectively.
W
wak J P ¥ The contributions made to the spectra by
ST N R ST other configurations are small and are there-
nuL  NiSy AR fore disregarded. The results for the samples
- ¢ ¥ with x = 0, 0.06, and 0.13 are 1in good agree-
L] = +
“”'”{} o ment and glve mean values hp, b2 + 0.2 kOe
N S £ and hg, = 8 *+ 1.5 kOe. At x = 1 (He = 35 # 15
- ¥ AN )
11 ;i"y;,-'\:‘-_- kOe) the value 6h.,, = 48 £ 9 kOe is close to the
4 e .
L . o experimental value of the field. The maximum
) ) value of the field (component Bi) is Hy = 252 %
"2 8 0.8 kOe.
M“: Using the methods for calculating hyperfine-
nanl structure interactions by the theory of molec-
F 4 ular orbitals [U4], we can show that the fields
R R T R TI hp, and h, are described by the expression
Y mm/sec , ) , 4
NGR spectra of Sn'!? in ke, cx = B2ONT- 3y costgl- jilsns¢ns(0)+05§®5$wnzk0e
the compound LaFel_XCrXO3 where N 1s a normalization factor, ¢ is the
+ 2.5% Sn: a) x = 0, superexchange angle of Fe — 0 - Sn or Cr - 0 -
b) x = 0.06, c) x = 0.13, Sn, & _(0) are the atomic ns functions of tin
d) x = 1. Bi, Bz, and Bs in thgsre ion of the nucleus, f_ is the unpaired
are the components of the g )
fine-structure fields at spin density on the 2pG orbit of the oxygen,

the Sn''® nuclei with . . .
nearest surroundings (6Fe), S,s 18 the <2p|¢ns> overlap integral, ag  1s the

(5FelCr), and (4Fe2Cr), covalence parameter of the 2p - @55 bond. We
respectively. have here f_ = (Y; + 80)2/3 = +0.049 for the
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tFe ~ O bond and f = [(y; + So)2 - (yc + 80)2]/3 = ~0.007 for the +Cr - O bond.
Here 8_ = <2p_|d_> Y+ v
o g!' g ?

0’ is the pc’ - d;’+ transport parameter. In the cal-

culation, ¢ was assumed to be equal to the superexchange Fe - 0 - Fe or Cr - O -
Cr angle (n156°) [3]. The overlap integrals Sns were calculated from the ap-

proximate Slater functions. The values of the wave functions @nS(O) and of the
remaining parameters were taken from [5, 4, 6].

The total polarization of the 3s, Us, and 5s shells of tin at parameter
values 855 = 0.25 ylelds hfs fields hp, = 41 + 2 kOe and hap = -6 = 0.5 kOe,

i.e., values close to the experimental ones, but with opposite signs.

There are published measurements of the hfs fields induced at nuclel of
nonmagnetic atoms on a linear magnetic ion - ligand - nonmagnetic ion chain,
In particular, ENDOR measurements [6] for the A1%27 nuclei in the chains Fe3t -
02-- A1% and cr®t - 02- - A1%" have shown that in these two cases the magnetic
fields induced at the Al12%7 nuclei have opposite signs.

The significant fact in our experiment is that the contributions hCr to
the hfs field at the tin have the same sign as the contributions hFe' It fol-

lows therefore thag, in accord with the foregoing calculation, the magnetic
moments of the Fe’" and Cr3% ions in the first coordination sphere of the tin
should be oppositely directed. It is easlly seen that a magnetic structure of
this type is realized only when the superexchange interaction Fe®" - 0%~ - Cr?
has a positive sign.

The authors thank V.I. Gol'danskii for interest in the work and G.V. Ionov
for help with the calculations.
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The success of Glauber's theory has increased appreciably the interest in
experiments on the scattering of high-energy protons by nuclel. To perform such
experiments it is necessary to have apparatus with sufficlently high energy re-
solution, determined by the distance between the excitation levels of the
nucleus., Palevsky's experiment [1, 2] remained until recently the only one per-
formed at an energy close to 1 GeV, in which the elastic scattering was reli-
ably separated from scattering with excitation of low-lying levels of 120 and
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