
</8 = #a in magnetically uniaxial crystals, where Hc is
the coercive force and #a is the magnetic anisotropy
field. However, this has not been confirmed experi-
mentally, since #c<#a. Thus, #a~400kOe in SmCo5,
the best modern alloy for permanent magnets, whereas
the highest coercive force reached in experiment is /fc

~ 50 kOe.

The Institute of Metal Physics (IFM) Laboratory of
Ferromagnetism has been studying the causes of this
discrepancy for several years. Most of the progress
has been made in studies of the magnetic properties of
single-crystal films of the compound MnBi. The Kerr
magneto-optical effect in these films was used to study
the domain structure, which was compared with mag-
netization curves measured on the same specimens with
both partial and complete hysteresis loops. The follow-
ing patterns were established on certain specimens. A
multidomain structure was observed in the demagne-
tized crystals. Applying and switching off a field H^
that does not cause disappearance of the domain struc-
ture produces a reversible shift of the domain boundar-
ies. This indicates that the crystal is free of defects.
Consequently, no hysteresis loops appeared on cyclic
variation of H^ But if the domain structure disappears
completely in a magnetizing field/^2>/f1, magnetization
reversal occurs in large fields equal to #a. The hyster-
esis loop is then square, and the crystal's magnetiza-
tion is reversed all at once. A specimen brought into
this state can no longer be demagnetized by the field.
Thus, it was shown for the first time in the case of
these crystals that Hc = Hi in defect-free crystals. A
narrow hysteresis loop was observed even in weak
fields in other MnBi film crystals. As the magnetizing
field and the subsequent magnetization reversal in-
creased, the latter became abrupt. The fields at which
these jumps occur increase with increasing magnetizing
field. The field at the largest jump is considerably
smaller than the anisotropy field. This behavior of the
jump field results from the fact that permanent mag-
netization-reversal nuclei that possess varying stabili-
ties to the magnetization-reversal field persist in the
crystal.

It was shown by observing the structure of a samar-
ium orthoferrite single crystal that the residual nuclei
may be fixed on structual defects of the crystal.
Therefore the basic reason why H<.<H^ in the crystals
the presence of microscopic defective zones with low
values of K, which, owing to their small volume, are
not detected in measurements of K. Magnetization-re-
versal nuclei of two types are formed in these micro-
scopic volumes. Type A nuclei appear in the magnetiz-
ing process and are permanent nuclei that spread out on
magnetization reversal by shifting the boundaries and
therefore demagnetize the crystal in fields smaller than
#a. Type B magnetization-reversal nuclei, which form
as the field decreases, premagnetize the crystal at the
point where K is low. The differing natures of the par-
tial and limiting magnetization-reversal jumps are con-
firmed by their variation with temperature: the limit-
ing-jump field changes more sharply with temperature
than the partial-jump field. This is also confirmed the-
oretically, since the temperature curve of the partial
jumps can be described on the basis of inclusion theory,
and that of the limit jumps with the aid of a nucleation
model.
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Yu. A. Izyumov. Symmetry of magnetically ordered
crystals and the scattering of slow neutrons. The mag-
netic structures of crystals can be classified, and
methods of decoding them from neutron-diffraction pat-
terns can be given, on the basis of the theory of repre-
sentations of the space group G of the original para-
magnetic crystal. The magnetic structure is repre-
sented in the form of basis-function expansions of irre-
ducible representations with a specified wave vector.
Symmetry analysis of many different types of magnetic
structures (orthoferrites, spinels, garnets, rare-earth
metals, etc.) has shown that they can be described in the
overwhelming majority of cases by a single irreducible
representation of the group G in accordance with Lan-
dau's phase-transition theory. Thus, the magnetic
structure can be completely defined by a small number

of parameters—the mixing coefficients of the basis
functions of the relevant irreducible representation.

In the reduction of neutron-diffraction patterns, it is
not the components of the magnetic moments or of the
atoms in the primitive cell of the crystal that are sub-
ject to variation, but the mixing coefficients, the num-
ber of which is equal to the dimension I of the irreduc-
ible representation. It is the reduction of the number of
varied parameters from 3cr to I that is one of the advan-
tages of symmetry methods in neutron diffraction; it is
the more effective the more complex the crystal being
investigated, i.e., the larger is a. Convenient working
expressions have been derived for calculation of the
basis functions in the magnetic representation of a
crystal, such as are needed for symmetry analysis of
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magnetic structures. vector star.

It has been shown that magnetic structure is generally
characterized not by a single wave vector, but by a set
of star rays for which the corresponding radial contri-
bution is nonzero. This set, which we shall call the
transition channel, defines the magnetic lattice of the
crystal. The Shubnikov-symmetry lattices obtained in
all channels of Lifshitz stars were recomputed for all
initial Bravais lattices, and the corresponding magnetic
reflections were indicated in each case.

Polarization effects in the scattering of neutrons by
an arbitrary magnetic structure were investigated: the
dependence of the scattering cross section on the orien-
tation of the polarization vector of the initial beam and
the appearance of a spontaneous-polarization vector in
the scattered beam. It is shown how the magnetic
structure can be decoded in its entirety from a single
magnetic reflection (if the structure is characterized by
a single wave vector) with the aid of symmetry analysis
on the basis of the measured polarization effects. Gen-
erally, the smallest necessary number of magnetic re-
flections is equal to the number of rays of the wave-

Certain examples of magnetic structures that can be
described by two or more irreducible representations
are analyzed. It is shown that there are symmetry rea-
sons for this in some cases. One of these reasons is
the additional (with respect to the symmetry of the in-
itial crystal) symmetry of the exchange Hamiltonian—
invariance under rotation of all spins. It results in ad-
ditional degeneracy of exchange energy, which is man-
ifested in the existence of exchange multiplets. Exam-
ples of magnetic structures characterized simultane-
ously by several irreducible group G representations
that enter into a single exchange multiplet are given.
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S. K. Sidorov. Neutron-diffraction study of alloys of
transition metals ivith mixed exchange interaction.
Mixed exchange interaction is understood as the occur-
rence of a set of interatomic exchange interactions of
different signs (ferro- and antiferromagnetic) in an al-
loy. Competing interactions of this kind give rise to
numerous physical-property anomalies in alloys, and
this accounts for the interest in such substances.

Ferro- and antiferromagnetic interactions in an alloy
should result in progressive disorientation of the mag-
netic moments and eventually in the disappearance of
spontaneous magnetization at a certain concentration of
the component that introduces the antiferromagnetic in-
teractions. A phenomenological theory of the magneti-
zation of such alloys has been advanced on the basis of
these considerations and has been confirmed quantita-
tively in experiments

The disorientation of the magnetic moments in the al-
loy depends on the local environment of the crystal-lat-
tice node. Therefore an alloy with mixed exchange in-
teraction should be spatially inhomogeneous with re-
spect to magnetization. This has been confirmed by
neutron-diffraction experiments.

Superstructural magnetic reflections that indicate the
establishment of antiferromagnetic order at Neel tem-
peratures of 10-20 K, depending on alloy composition,
were first detected by neutron diffraction by poly crys-
talline and single-crystal specimens of an Ni-(60_70)
at-% Fe alloy at helium temperature. Detailed analysis
indicated that the components of the magnetic moments
of the iron and nickel that are perpendicular to the
spontaneous magnetization direction form a type IV an-
tiferromagnetic structure in the fee lattice. On the

whole, the magnetic moments of the alloy components
form a complex noncollinear structure that produces
ferro- and antiferromagnetic reflections on the neu-
tron-diffraction pattern simultaneously.

Neutron-diffract ion and x-ray studies of iron-nickel-
alloy single crystals with 60-75 at-% of iron have in-
dicated weak superstructural satellites. This implies
that structural changes that can be regarded as prepa-
ratory for the martensite transition to follow take place
at temperatures and concentrations far short of those
of the martensitic transformation. The first satellites
and the y' phase appear at temperatures around 900 K.
A new group of satellites that characterizes the y"
phase appears simultaneously with a magnetic transi-
tion at a lower temperature. The satellites appear to
originate from "condensation" of acoustic phonons in
the fee lattice. This static displacement of atoms from
their ideal positions at the lattice points is obviously
related to an increase in the volume of the alloy. This
is evidently justification for again bringing up the ques-
tion as to the cause of the invar effect. The alloy
should expand on heating from low temperatures. But
since the reflections of the y' and y" phases decrease
with temperature, thermal expansion will be offset by
the volume decrease associated with the decrease in the
static displacements of the atoms from their equilibri-
um positions, and it is this that constitutes the invar ef-
fect.

It was found that the y"-phase satellites in the recip-
rocal fee lattice are disposed regularly in such a way
that the y" phase ensures symmetry coupling between
the y and a phases, since the set of a-phase recipro-
cal-lattice points is determined by the combination of
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