
external disturbances ( P , x , H ) , therefore, experimen-
tal conditions can be produced such that it is possible to
investigate the physical effects governed by restructur-
ing of the electron spectrum. Transport phenomena
were used as a research tool. Below we summarize
the most significant results obtained in the Institute of
Metal Physics (IFN) Semiconductor Laboratory in
1978-1981 on electron transitions in GL semiconduc-
tors.

1. The GL-to-semiconductor transition is accompan-
ied in a magnetic field by freezing-out of conduction-
band electrons to impurity levels or to the valence band.
The exponential inccrease in the longitudinal reluctance
pK that results from freezing-out was investigated in
HgTe, Hg0-9Cd0>1Te, and Hg0<S5Cd0>15Te. The possible
types of freezing-out effects were classified and condi-
tions under which band parameters can be determined
from the exponential curve of p,,(H) were stated.

2. It was shown that the traditional Hall-effect meth-
od of studying electron concentration is inadequate in
GL semiconductors because transport phenomena are
determined by the contributions of two or three carrier
types with markedly differing mobilities. Competition
between the contributions of highly mobile conduction-
band electrons and much less mobile carriers of the
valence or acceptor bands produces anomalies in the
temperature and magnetic-field curves of conductivity
and the Hall effect (for example, double inversion of
the Hall coefficient in p-HgCdTe). A sharp increase in
conductivity was observed at T< 5 K owing to the de-
crease in the number of scattering charged acceptors,
which form quasineutral complexes with donors as the
temperature drops.

3. At the GL-to-semiconductor transition associated
with variation of the Cd content in HgCdTe, there is a
significant change in the electronic ^-factor and, con-
sequently, in the quantum-oscillation picture. It was
shown that in semiconductors where there are electrons
in the T6 band, the ^-factor is determined by interac-
tion with the adjacent r, and T8 bands, whereas distant
bands make a significant contribution to the electron g-
factor of the T8 band in GL semiconductors.

4. A second exponential increase of p,,(H) and p,t(H)
was observed in strong magnetic fields at low tempera-
tures, 6(H)»kT. It corresponds to the transition from
impurity-band metallic conductivity to hopping conduc-
tivity. This is essentially an inverse Mott transition
induced by the magnetic field, which compresses the
wave functions of electrons bound to impurities and re-

duces the two-center overlap integral. Hopping-con-
ductivity behavior in GL semiconductors was investi-
gated on HgCdTe and HgMnTe crystals.

5. A qualitatively new type of electron transition oc-
curs in HgMnTe GL semiconductors that contain mag-
netic substitutional atoms. The exchange interaction of
band electrons with the d-electrons of Mn results in an
upward shift 6exch of the valence band in proportion to
the magnetic moment of the d-electron system. For
HgMnTe, the increment 6(IC[1 is proportional to the
Brillouin function, i.e., it is linear in weak fields and
tends to saturation in strong ones.

In a magnetic field, therefore, the valence band first
overlaps the conduction band (GL-to-semimetal transi-
tion) and this overlap is then lifted in strong fields 6(#)
* 6«Kh> with the resulting semimetal-semiconductor
transition. The electron transitions described here
were investigated for Hgj.^Mn^Te with 0.02«#« 0.07.

Thus, new types of electron transitions and kinetic-
effect anomalies associated with the gapless state were
detected and investigated.
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Ya. S. Shur. Magnetization reversal of magnetically
uniaxial highly anisotropic ferromagnetics. Interest in
ferromagnetics of this class stems from the fact that
the alloys from which the best modern permanent mag-
nets are made have been identified among them in re-
cent years.

High anisotropy is manifested in the fact that after
preliminary magnetization, a crystal of arbitrary shape
will not be demagnetized under the action of its intrin-
sic demagnetizing field. This occurs when K» 2vl\,
where K is the constant of magnetic anisotropy and 7S

is the saturation magnetization. In this case, H = 2K/
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</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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