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1. Introduction. It is well known [1] that in metals with open Fermi sur-

faces in strong magnetic fields H (y = v/wH << 1, v - collision frequency, Wy =

eH/me) the asymptotic form of the conduction tensor depends on the orientation
of the crystal relative to the magnetic field. Namely, 1f open trajectories
contribute to the conductivity at a given critical orientatlion, then the con-
ductivity across the magnetic field is "not magnetized," i.e., it does not de-
crease with increasing H, and has 1n general the same order of magnitude as the
conductivity 0o along the magnetic field. On the other hand, if the orienta-
tion is such that there are no open trajectories, then the transverse components
of the conductivity tensor decrease with increasing field, o * opy2. As a re-
sult, a polycrystalline sample consisting of randomly oriented crystallites 1is
a medium with anisotropic and strongly inhomogeneous conductivity. This raises
the question of finding the effective conductivity of such a medium, connecting
the current density averaged over the sample with the average electric field;
we see that the effective conductivity can differ greatly from the average con-
ductivity of an inhomogeneous medium. We have assumed the crystallites to be
macroscoplic (the electron mean free path is small compared with the character-
istic dimension a of the crystallites). For concreteness we consider the case
of a metal with such a Ferml surface, that there exists a finite albeit small
fraction ¢ of magnetic field directions at which there are open trajectories
(such a situation occurs, e.g., in gold, where ¢ ~ 3 x 1072 [2]). Accordingly,
the fraction of the crystallites with non-magnetized conductivity is equal to

c. Finally, the last remark concerns the antlisymmetrical part 8% of the con-
ductlivity tensor, which determlines the Hall current. It can be shown that the
antisymmetrical part of the effective conductivity tensor is determined simply

by averaging ¢%. In addition, allowance for 52 is immaterial for the determina-
tion of the symmetrical part of the effective conductivity tensor, for when

this problem is solved it can be assumed that the conductivity tensor of the
medium is symmetrical.

2. Effective conductivity of bulky sample. Figure 1 illustrates the poly-
crystalline medium under consideration. The crystallites in which (owing to
the open trajectories) the transverse conductivity does not decrease with in-
creasing H will be called for brevity "singular"; they are shown shaded in the
figure. The remaining mass of the crystallites forms a "background" in which
the transverse conductivity is small in strong fields, 0 " oovy%. We consider
first the case of very strong fields (the criterion will be written out below)
when the transverse conductivity of the "back-
ground" can be completely neglected. It is clear,
however, that in this case the effective trans-
verse conductivity of the polycrystalline medium
will be different from zero, since current can
flow in the manner illustrated in Fig. 1, in t%e
direction of the average electric field <E> (<E> L
B) through the singular crystallites and flow over
from one singular crystallite to another through
the "background" along the magnetic field. Let us
estimate the conductivity resulting from sych a
mechanism. The average distance L 1n the direc-
tion between two "neighboring" singular crystal-
lites (through which the current line goes in suc-
cession) can be estlimated at

L~ 1/na?~ a/c, (1)
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where n ~ ¢/a® is the number of singular crystallites in em®. Since the neigh-
boring singular crystallites are shifted in the direction of <E> by a distance
on the order of a, the potential difference between them is A¢ ~ <E>a. On the
other hand, it can be estimated also as A¢ ~ EZL, where EZ is the order of mag-

nitude of the z-th component of the electric field (the z axis is along ﬁ; we
emphasize that there is no average electric field in the z direction). Com-
paring these estimates we obtain with allowance for (1) EZ n~ ¢<E>, The current

density jz ~ OOEZ v 0gc<E>.  We are interested in <j> - the average current
density (<3> is directed along <§>). We note that j, differs from zero only in
the singular crystallites, in which j, ~ jz ~ 0gc<E>., On the other hand, the

average current density is smaller by a factor c, since the fraction of these
crystallites is ¢. From this we obtain <j> ~v oyc?<E> or

ottt 0g 2, (2)

Competing with the described conductivity mechanism is the usual mechanism,
wherein the main current j, flows through the "background." For this current
oL Vv 0¢Y?%. Comparing this with (2), we find that (2) is valid when v < ec.

When 1 >> vy 2 ¢ we have qfff

v oooy?.

3. Size effect. If the sample has a finite dimension d in the direction
of the magnetic field, then formula (2) is valid (for vy << ¢) only in the case
when d >> L. Indeed, to establish the mechanism of current flow described
above 1t is necessary that the projections of the singular crystallites on a
plane perpendicular to i overlap sufficiently well. On the other hand, if

the thickness of the sample is insufficlent for this, 4 << L, then offf ~ govy?
also when v << c¢. Figure 2 shows qualitatively the dependence of offf on d.

When Y = 0 the change of the conductivity with changing thickness has the char-
acter of a phase transition. The effective conductivity is equal to zero when

d < dy v L, and differs from zero when d > dy. The asymptotic value Gf?f v ogge?

is also reached at thicknesses on the order of L. When C # v << ¢ the transi-
tion becomes smoothed out and is finally washed out at y 2 c.

4. Possibility of experimentally observing the size effect. In experiment
one usually measures the transverse component of the resistivity tensor pXX

(the current flows along the long dimension of the sample). For a thick sample
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(d » do) the effective conductivity tensor has the following components (the
symbol eff is omitted; for Gxx we write down an interpolation formula that

i M = 2 2y. = -
matches the regions y << ¢ and y >> ¢): O x cyy Voo (y? + c%); Oy ny n

0,75 dzz v gy, the remaining components are equal to zero. Inverting the ten-
sor o, we obtain for pxx:

o y +e?

yy -1
~ o
(]

(3)

Pux = .

oxkoyy+oxy :y2+c2)2 2

A plot of this function is shown in Fig. 3. pxx L

°
og9'c2/y? when ¢? << y << ¢, and Peg ™ 09%/c? when v < ¢?. For a thin sample
(4 < dg) we have 6 ~ 0oY2 in the entire region y << 1, and Pry ™ os!. Thus,

<< << n
when ¢ Y 1, Px

even in the region Y $ ¢ the resistance increases sharply (by (c/y)? times)
when the sample thickness increases from d < dp to d > do. In conclusion we
present approximate estimates. For H ~ 10° G and a free path 2102 cm we have
Yy ~ 10°%. If the crystallite dimension is a ~ 3 x 1072 cm and ¢ ~ 3 x 10-2%,
then the sige effect will be observed at thilcknesses dg ~ a/¢c » 1 ¢m. One can
expect an lncrease of the resilstance by a factor (c¢/y)? ~ 10 times on going
from d < do to d > dy.
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At the present time, signals of nuclear magnetic resonance on Fe nuclei
in orthoferrites were observed only with the aid of a superregenerator in
single-crystal yttrium orthoferrite grown by the hydrothermal method with sgon—
taneous crystallization [1]. As to NMR in hyperfine fields on the nuclei Y®?,
it follows from the literature that 1t has not been observed at all in any
ferromagnetic and antiferromagnetic compound.
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We present here a brief report of obsggvation of NMR of Fe®7 in YFeOj;,
TmFeO3, and Yl_xLaXFeO3, and also NMR of Y in YFeO3 and Yl_xLaxFeO3.

The samples were polycrystalline yttrium and yttrium-lanthanum orthofer-
rite obtalined by the usual ceramic technology, and single-crystal thulium ortho-
ferrite grown by crucible-less zone melting with optical heating.

The search for the NMR signals was carried out with the aid of a semi-
automatic spin-echo spectrometer with exciting-pulse durations t; = 1 usec and
Tz = 1 usec. To exclude the influence of the transverse and longitudinal re-
laxation, the interval between the pulses was chosen to be 50 usec, and the
repetition frequency was 29 GHz. The signals were registered with a strobo-
scopic integrator. All the measurements were carried out at 77°K.
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