periods, an important role is played by long-range forces connected with the fact that
the adsorbed sodium atoms have an appreciable positive charge [L4]. Thus, a study of
phase transitions in monatomic films can yield new data on the electronic properties and
on the interaction of adsorbed atoms. On the other hand, the possibility of changing the
surface concentration of the adsorbed atoms in a wide range, and of using substrates with
various structures, maskes such films convenient for the verification of theoretical
models of phase transitions.
The authors are grateful to Corresponding Member P. G. Borzyak of the Ukrainian
Academy of Sciences for interest in the work.
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It was shown theoretically in [1-4] that a noncollinear angular magnetic structure
may be produced in ferromagnets in a certain interval of magnetic fields (Hl < H < HZ)’
This structure is produced as a result of competition between the exchange interaction,
which tends to produce an antiparallel orientation of the sublattice magnetic moments,
and the external field, which tends to turn both sublattices parallel to the external
field.

A convenient object for the investigation of angular structures "induced" by the
magnetic field are rare-earth iron garnets (REIG). They can be described approximately
within the framework of the two-sublattice model with strong exchenge interaction inside
the resultant iron sublattice, with a relatively weak negative interaction between the
iron and rare~earth sublattices, and with a negligibly small interaction inside the rare-
and H,

1 2
of REIG were calculated by the molecular-field approximation in [4], vhere it was shown

earth sublattice [5, 6]. The temperature dependences of the critical fields H

that the angular structure can exist only below a certain temperature Tcr’ and that only
collinear structures exist above this temperature. For REIG with a compensation point
the critical temperature is somewhat lower, but is close to the compensation temperature
8 .
c
Calculations show that at helium temperatures the critical fields of most REIG

exceed 500 kOe, Near the compensation point, H. and H2 decrease greatly, but the singu-

1
larities on the magnetization isotherms become barely noticeable in such fields, owing

to the masking effect of the paraprocess, These experimental difficulties explain the

8



paucity of data on the critical fields of REIG. There are published data only for
ytterbium iron garnets [h]l).

In the present investigation we used measurements of the magnetostriction to de-
termine the critical fields of dysprosium iron garnets. It was indicated in [4, 8, 9]
that the occurrence of angular structures should lead to singularities on the plots of
the magnetostriction against the field and against the temperature, since a transverse
magnetostriction component, with a sign opposite that of the longitudinal striction,
appears when the magnetic moments of the sublattices have directions other than that of
the field. Therefore, measurement of the magnetostriction uncovers better possibilities
for determining the crystal fields than measurements of magnetization.

We investigated the magnetostriction of dysprosium iron garnet in the temperature
interval 80 ~ 300°K and in pulsed magnetic fields up to 200 kOe, using the setup des-
cribed in [10]. In the vicinity of the compensation point (ec = 218°K), kinks appear
decreased sharply in magnitude as the compensation point is approached, in accordance
with the theoretical predictions for the critical field Hl. Figure 2 shows thecoretical

plots of H,(T) and H2(T), calculated from the formulas of [4] with slight modifications
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Fig. 1. Isotherms of magnetostriction of dysprosium iron garnst:
1 - 29%°K, 2 - 227°K, 3 - 216°K, hk - 21k°K, 5 - 210°K, 6 - 205°K,
7 - 202°K, 8 - 195°K, 9 - 173°K, 10 - 143°K, 11 - 106°K, 12 - 8L°K.

Fig. 2. Temperature dependence of critical fields H; and Hp of
dysprosium iron garnet. Solid curves - calculation by molecular-
field theory, light circles -~ values of Hl obtained from magneto-
striction measurements.

1)
The critical fields of holmium iron garnets were determined from measurements of
the Faraday effect.



(unlike [4], we assume, in accord with the results of [5, 6], that the interaction between
the rare-earth and iron sublattices is proportional to the spin of the rare-earth ion,
and not to its total angular momentum)., The figure shows also the values of the field
at which kinks are observed on the magnetostriction isotherms. Taking into account the
approximate character of the calculation, the agreement can be regarded as good.

It is shown in [9] that the anisotropic magnetostriction of the dysprosium iron
garnet is of the single~ion type, and consequently can be represented as the sum of the
magnetostrictions of the rare-earth and the iron sublattices. We can then write for the

magnetostriction of a polycrystalline dysprosium iron garnet the relation

1
A= 2—1—'AFse(3Cosz¢'Fe‘ 1)"'_2_)‘5 ‘3C°SZ¢R- 1)+
(1)

+ a)MpMp.cos(dp + dpe ).

The first two terms describe the single-ion anisotropic magnetostriction of the iron and
rare-earth sublattices, and the last is the volume exchange magnetostriction due to the
dependence of the exchange interaction between the sublattices on the interatomic dis-
tances; MFe
eFe and GR
field., It must be emphasized that the exchange magnetostriction of the angular magnetic

and MR are the magnetic moments of the iron and rare-earth sublattices, and

are the angles between the moment of the corresponding sublattices and the

structure, unlike the exchange magnetostriction in the collinear state, is due not to
the change of the magnetic moment of the rare-earth sublattice, but to its rotation re-

lative to the magnetization of the iron sublattice (it is shown in [4] that Mg = const

in the angular structure). In the calculation of the magnetostriction of the collinear
structure, it is necessary to take into account the dependence of the constant of the
single~ion anisotropy of the magnetostriction of the rare-earth sublattice Ag on the

magnetic moment, since M, varies quite widely in the investigated field interval. When

R
account is taken of these circumstances, the calculation of the magnetostriction by means

of formula (1), using the relations for the magnetization of the collinear and angular
structures from (4], is in good agreement with the results of our measurements. We note
in conclusion that the magnetostriction of the collinear structure depends differently
on the field above and below the compensation points, where diA/dH > O and dr/dH < O,
respectively (Fig. 1). The reversal of the sign of d\/dH is connected with the fact that
application of the field increases the magnetic moment of the rare-earth sublattice when

T < 6 and decreases it when T > 0, [11].
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We have investigated the plastic deformation of metals under the influence of electric
current pulses. Such investigations are of interest from the point of view of both the
study of the electromechanical effect (influence of the electrons on the multiplication,
motion, and interaction of dislocations) and the study of the jJumplike deformation as one
of the most characteristic manifestations of the inhomogeneity of plastic shear.

The experiments were made on single crystals of pure zine (99.998% Zn) and doped
zine (2 x 1072 ¢ Cd), and on polycrystalline samples of zinc, cadmium tin, lead, and
indium with purity not worse than 99.99%., Electric contacts connected to the discharge
device were fused into the ends of the samples, Tests for tension and compression at a
constant rate of 0,01 cm/min {~ 0,65%/min) were made with an Instron machine between in-
sulated clamps., The load was determined accurate to 2 g. The samples used in the tension
experiments were 15 mm long and 1 mm in diameter. The length and diameter in the com-
pression experiments were 6 and 2.5 mm, respectively.

The employed current pulses had a duration lO—h sec and a strength of 600 -~
1800 A in the tension experiments and up to 4800 A in the compression experiments. The
average current from pulse to pulse did not exceed 0.3 A. At room temperature, the heat
rise of the metal did not exceed 12 - 16°. The samples were cooled with liquid nitrogen.

Figure 1 shows the characteristic tension diagrams of single=-crystal zinc. De-
formation Jjumps are seen beyond the elastic region; these increase in magnitude with in-
cressing voltage on the terminals of the discharge source (a bank of electrolytic
capacitors)., The direction of the deformation jumps and their magnitude indicate an
appreciable increment of the plastic deformation at the instant of passage of the current
pulse, The places on the diagram at which the tension of the sample has been halted
but the current pulses continues to be applied, show only small null jumps after a certain
relaxation. The gradual approximately-exponential vanishing of the pesks after the
cessation of the tension, and their instantaneous recovery when the tension of the sam~
ples is continued, indicate without & doubt that the ocbserved deformation pesks are of
dislocation origin,

Anomalously lerge pesks were observed in the region of the yield point (Fig. lc).
This fact, together with special experiments that have shown that the current pulses have
no effeet on the elastic part of the deformation curve, offers further evidence of the

dislocation nature of the observed phenomenon.
A
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