gion that can be regarded as the region of the "static skin effect.” Figure 1 shows typical
plots obtained for F. .

b) Plates. Acc.brding to [3), a drop in resistance should be observed for P in a
magnetic field, up to values r = xf/d. Further, up to fields r =~ d, the resistance should
increase like Al + B/(c - 1n H), after which the resistance anisotropy comnected with the
Fermi-surface topology comes into play.

If we regard the region of the magnetic field up to values r = )\i/d (several Oe), the
measurements for P agree qualitatively with the conclusions of [3], although the value of
r is not well known for zinc.

There are no essential differences between the p(H) plots for P and F.

b, According to [3], in the case of F an increase of the longitudinal magnetic field
leads to a gradual drop of the resistance. 1In fields for which r = d, it reaches the value
Peosiy typical of the bulky sample. For P ({excluding the region up tor = }\f/d), the re-
sistance will increase, reach a maximum at r = /)Za' = l/Hmax’ and then start to drop to the
value Peos i reached in strong fields (r < d). Figure 2 shows two typical experimental curves
for a filamentary whisker and a plate of equal thickness. We see that both for F and P
the resistance first increases sharply, reaches a maximum, and then drops. This behavior is
gualitatively similar to the picture deseribed in [3] only for P. The value of Hmax depends
lineary on d_l, and not on di._l/2 as in [3]. H 3~ 1.5 cmOe for P. A similar veriation
is observed also in F, for which H d ~ 3,8 em-Oe. Tt is impossible to relate these quan-
tities with any particular large group of electrons, owing to the extreme complexity of the
Fermi surface of zinec. They correspond more likely to a certain average over all parts of
the Fermi surface. We note also that the observed behavior of the longitudinal magnetore-
sistance is connected almost fully with the size effect, since the role of the volume magneto-
resistance is negligible vhen Ay > d. ‘This is experimentally manifest, in particular, in
the fact that the thinner the sample the larger the specific magnetoresistance. This is
most clearly pronounced in F, for which the increment of the resistance in the field is ap-
proximately proportional to a L.
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The Faraday effect in transparent ferromagnets in the visible and infrared regions of

the spectrum and in a broad temperature interval has been the subject of a large number of
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investigations [1-4}. The anisotropy of the resonant properties of yttrium iron garnets with

small amounts of Tb added was investigeted at helium temperatures in (5] and was attributed

3+

to the presence of almost-intersecting energy levels of the Tb” ions. In the present in-

vestigation we observed anisotropy of the Faraday effect in a wide interval of the infrared

region of the spectrum in Tb5Fe5O12 at room temperature. The radiation sources were He-Ne

lasers operating at wavelengths 1.15 and 3.39 u, and an IKS-21 spectrometer at 5.2 u.
The investigations were made in magnetic fields up to 16 kOe. The dependence of the
Faraday effect on the direction of the magnetizing field in a Tb,Fe 012 plate 1.5 mm thick,

375
cut in the (211) plane, is shown in the figure for two values of the magnetizing field, 6

and 16 kOe. Tt is seen from this figure that the Faraday effect in TbBFe at 1.15 p and

)
5712
at room temperature is highly anisotropic. An investigation of the Faraday effect in
YBFGSOlE at room temperature has shown that, within the limits of experimental accuracy,
this effect is isotropic. The anisotropy of the Faraday effect in Tb,Fe_O is apparently

S+ 3t >
- To exchange interaction or with the anisotropy

34

connected with the anisotropy of the Fe
of the spin-orbit splitting of the levels of the Th
splitting in Yb3F65012 was observed at 77°K [6] in the 257/2 - 2F5/2 7
region of A = 1 u. The anisotropy of the fine structure of the absorption band Fo
of the Eu3+ ion in Eu,Fe_O.,

ions. The anisotropy of the exchange
absorption band in the
7Fu

was investigated [7]. In our case we deal apparently with the

3" 5712
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Faraday effect (ap, deg/cm) in TbzFes01» and in
YaFeg0y,» at wavelength 1.15 u vs. the orientation in
the (211) plane, 009 - TbgFes015, H = 6 kOej; XXX -
TbgFes012, H = 16 kOe; AN ~ YaFesOy1o, H = 6 kOe.
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anisotropy of the exchange or spin-orbit splitting of the optical transitions in the Tb3+ ion
in the visible and ultraviolet regions of the spectrum, which make the main contribution to
T in TbBFe5012' A very appreciable anisotropy of the Faraday effect, having the same sym-
metry as shown in the figure, was observed by us also at wavelengths 3.39 and 5.2 u. In the
latter case, however, the obtained angular resolution was poorer. The per-unit rotation of
the plane of polarization in ferrimagnets with two magnetic sublattices can be written in
the form (8]

A = gzé'@:(lel - 7212) + Alw) + B{w).
The first term is the frequency-independent rotation determined by the off-diagonal component
of the magnetic-permeability tensor at the optical frequencies, Y1 Vo0 Il’ and 12 are the
gyromagnetic ratios and the magnetizations of the iron and rare-earth sublattices, A(w) and
>* and 0 sublattices,
is isotropic (see the figure), so that A(w)

B(w) are the frequency-dependent comtributions to U from the Fe
respectively. The Faraday effect in Y3Fe5012
can also be assumed isotropic. The contribution made to g by the frequency—dependent term
is about 300 deg/cm for Tber5012 at 300°K. 'The contribution to the anisotropy at the 1.15
p wavelength is therefore due to the term B(w). If the Faraday effect is connected with the

exchange splitting of the levels of the Tb3+

ion, then it is possible to obtain from the
angular dependence of B(w) the anisotropy of the product of the tensors g and G which
enter in the Hamiltonian of the system [6,9].

An investigation of o in the region A > 6.5 i, where the contribution of A(w) + B(w)
to the rotation of the polarization plane becomes vanishingly small, makes it possible to
determine the anisotrcpy of the g-factor of the Tb3+ ion and to explain its difference from
the g-factor of the free ion. From aF at A = 1.15 p it is possible to determine the tensor
G. If the frequency-dependent Faraday effect in Tb5Fe5012 is due to spin-orbit splitting,
then the interpretation of the results calls for the construction of the theory of the
Faraday effect in rare-earth garnets, inasmuch as at present there exists only a theory for
Y3Fe5012 {10]. The anisotropy of U at the 1.15 p wavelength was observed by us at room
temperature also in SmBFeSOlZ' '

It is seen from the figure that de/dH is negative at the points with the largest G
and equals 5 deg/kOe, and de/dH > 0 at the points with the smallest a

that in the region A = 1.15 p, daI/dH in Tb

7 We have thus shown
3FeSO12 can be either negative, as was observed

in Tb3F85012 [11], or positive. The decrease of o with increasing H in Y5Fe5012 at
A = 6328 & [12] and in the near infrared [13], as well as the results of investigating o

F
as a function of H in TbBFe 0. ,.,may perhaps be attributed to the absorption-edge shift

57129
considered by Callen [14].
It is of interest to extend the frequency and temperature intervals in which the aniso-
tropy of o is investigated. In the low temperature region, the effective Hamiltonian of
the rare-earth ions contains a smaller number of parameters, and important factor when it

comes to an interpretation of the results.

156



[1] M. V. Chetkin and A. N. Shalygin, Zh. Eksp. Teor. Fiz. 52, 882 (1967) [Sov. Phys--JETP
25, 580 (1967)].

[2] M. V. Chetkin and A. N. Shalygin, J. Appl. Phys. 39, 561 (1968).

[3] R. V. Pisarev, I. G. Sinii, G. A. Smolenskii, ZhEIF Pis. Red. 5, 96 (1967) [JETP Lett.
5, 79 (1967)1.

[¥] H. J. Guggenheim, H. I. Levinstein, and S. Singh, Phys. Rev. Lett. 19, 948 (1967)].

[5] I.F. Dillon and L. N. Walker, Phys. Rev. 124, 1401 (1961).

[6] K. A. Wickershaim, Phys. Rev. 122, 1376 (1561); K. A. Wickershaim and R. L. White,
Phys. Rev. Lett. 8 483 (1962).

(7] ©. S. Krinchik and 5. K. Tyutneva, Zh. Eksp. Teor. Fiz. 46, 435 (196L4) [Sov. Phys.-JETP
19, 292 (1964)].

[8] G. S. Krinchik and M. V. Chetkin, ibid. 41, 673 (1961) [1k, 485 (1962)].

[9] W. P. Wolf, Proc. Intern. Conf. Magn., Nottlngham 106h, p. 555.

[10] A. H, Clogston, J. phys. radium 20, 151 (1959).

{11] R. W. Cooper, W. A. Crosseley, IT—I. Page, and R. F, Pearson, J. Appl. Phys.39,565(1968).

[12] N. F. Kharchenko, V. V. Eremenko, and L. I. Belyi, Zh. Fksp. Teor.Fiz. 53, 1505 (1967)
[Sov. Phys.-JETP 26, 869 (1968)].

{13] ©. 8. Krinchik and S A. Cushchina, Zh. Eksp. Teor. Fiz. 55, 490 (1968) [Sov. Phys.-
JETP 28, No. 2 (1969)].
[14] E. Callen Phys. Rev, Lett, 20, 1045 (1968).

EXPERIMENTAL DETERMINATION OF THE "SIGN" OF THE DZYALOSHINSKIT INTERACTION IN AN
ANTIFERROMAGNET

V. I. Ozhogin, S. S. Yakimov, R. A. Voskanyan, and V. Ya, Gamlitskii
Submitted 27 June 1968
ZhETF Pis. Red. 8, No. 5, 256 - 260 (5 September 1968)

In a two-lattice antiferromagnet {AF) with an AF-structure that is even relative to the

principal axis, the expression for the energy of the Dzyaloshinskii interaction (DI) is

E = -Bmx1=28-3 x5, (1)
-+ > > -+ > - D 1 2
Here m = Sl + 82 and 1 = Sl - S2 are respectively the ferro- and antiferromagnetic vectors,
> > )
Sl and 82 are the spins of the neighboring ions belonging to different magnetic sublattices

of the AF, and § is a constant vectors whose components characterize the magnitude of the DI.
The expression for Zr should be invariant against an operation (which we shall designate by
the letter N) con51st1ng of renumbering the sublattices (1 T 2). But NT = —i, and therefore
when the sublattices are renumberd the sign of 8 is also reversed: Ng = -g (this also follows
from the microscopic equation derived for E[)by Moria [2]. It follows therefore that the
scalar product E-i is invariant against the operation N, and therefore, in particular, its
sign should have a definite physical meaning. We shall demonstrate this, using as an example
the most popular AF, hematite (a~Fe203) By virtue of the known symmetry of the crystal (D6
the vector B is directed along the C, axis [2], i.e., if zllC then & = (0, 0, B). Let us
consider the easy-axis temperature phase of hematite (at T < TM = 2629K), since in this phase
we have in the absence of an external magnetic field ll(C and therefore 8 1 # 0., If we

Bd)

apply an external magnetic field H in the direction of the axis x i_C then, as shown in

{3, L], an increase in the field causes not only an increase in the 1nc11nat10n of the moments
of the sublattices to the field, but also a rotation of the moments around the field direction.
The direction of the rotation is uniquely connected with sign(g-I), namely, the equilibrium
vector i is rotated from the z axis counterclockwise (looking in the negative direction of

> > >
H) if sign(B-1) = -1, and clockwise in the opposite case. This follows from the fact that in
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