the gap becomes comparable with the operating frequency.

The discontimiocus character of the transition induced in the hematite by an external
magnetic field perpendicular to the easy axis of the crystal between the phases "lz # O
and "lz = 0" can be explained, for example, by taking into account the "second anisotropy
constant"” [11,13]. Other interactions of order higher than the second can also lead in
principle to a jump of the transition between phases [14%], but a comparison of their relative
role in the concrete case of hematite calls for a special investigation.

We are deeply grateful to I. K. Kikoin and A. M. Prokhorov for continuous interest in
these investigations and are sincerely grateful to A. S. Borovik-Romanov and R. Z. Levitin
for a fruitful discussion. The authors are deeply grateful to V. M. Skorikov and R. A.
Voskanyan for graciously supplying the single crystals and to V. G. Veselago and L. P.
Maksimov for scientific and methodological help in working with strong magnetic fields.
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There are only three published papers [1-3] reporting measurements of the magneto-
caloric effect AT(H) in ferromagnets. Yet a study of this effect in ferrites is of consider-
able interest; since the AT(H) effect is an "energy" characteristic of a magnet, its measure-
ment can yield useful information on the manifestation of complicated magnetic-sublattice
interactions in ferrites.

We measured the AT(H) effect in the iron garnet Gd3Fe and in the ferrite-spinel
L120~2.5Fe203-2.5Cr203

cal with 5 mm diameter. The hot junction of a copper-constantan thermocouple was inserted

0
5712
in a wide interval of temperatures. The ferrite samples were spheri-

in a narrow cut in the sphere. The temperature change AT following the adiabatic application
of the magnetic field was registered with a potentiometer setup with an amplifier having a

sensitivity 0.5 x lO—3 deg. The sample was placed in an evacuated glass ampoule on which a
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bifilar heating element was wound; the entire setup was placed between the poles of an elec-
tromagnet,
Figure 1 shows the measurement results for the gadolinium iron garnet. We see that

near the Curie temperature 8 _ there is a characteristic positive maximum of AT, due to the

paraprocess. We see furtherfthat with decreasing temperature the sign of AT becomes negative,
and a small negative maximum is observed at the compensation point Gc; after passing through
the compensation temperature, AT again becomes positive.

Thus, in a certain temperature interval above ec, adiabatic application of the field
produces not heating, as is usual for ferromagnets in the paraprocess (Co, Ni), but cooling
of the sample.

The appearance of an anomalous sign of the magnetocaloric effect in the investigated

iron garnet in the region ec < T < 8_, is in our opinion dve to the following cause:

A characteristic feature of fefrites possessing compensation points is that an intense
paraprocess takes place in them in the entire interval of existence of magnetic-ordering tem-
peratures (and not only near the Curie point). This intense paraprocess is due to the orien-
tation of the magnetic moments of the ions situated in a sublattice in which the magnetic
order is produced by a relatively weak exchange field. In the case of an iron garnet, such
a gublattice is the sublattice ¢, in which the rare-earth ions are situated, in our case
ca”*

kOe, produced by the iron sublattices [4#]. Since the magnetic moments of Gd

. These ions are acted upon by an effective exchange field _Hexch’ of tgi order of 300
ions are large,
even application of an external field of ~ 20 kOe gives rise to the susceptibility of the
paraprocess, which is comparable in magnitude with the susceptibility of the paraprocess in
the region of the Curie point, where it reaches a maximum. Accordingly, the magnetocaloric
effect AT in this ferrite will be comparable in magnitude with the AT effect in the region of

the Curie point. At temperatures T < Gc the AT effect should be positive, since the internal

AT107 deg
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Fig. 1. Magnetocaloric effect in gadolinium Fig. 2. Magnetocaloric effect in the
iron garnet G(dsFes0yn. 1 - 6.6 kOe; 2 - ferrite Ligz0-2.5Fe505°2.5Cro05. 1 -
16 kOe. 6.6 x0e; 2 - 16 kOe.
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field is parallel in this case to the exchange field Hexch’ as is indeed seen in Fig. 1. The
situation here is the same as in normal ferromagnets: the paraprocess occurs in the presence
of parallel arrangement of the vectors ﬁ and ﬁexch' In this temperature region the magnetic
moment of the gadolinium sublattice is larger than the magnetic moment of the iron sublattice,
and the vector of the resultant magnetization is directed along the magnetic moment of the
gadolinium sublattice, i.e., along the exchange field of the iron sublattices, which acts on
the ca>* 3+
disoriented by the thermal motion, in the external (and in the field Hexch) is accompanied

ions. Therefore the rotation of the magnetic moments of the Gd ions, which are

by release of heat.

In the temperature interval BC <T< Gf the external field ﬁ is antiparallel to ﬁexch'
In this temperature region, owing to the decrease of the magnetic moment of the gadolinium
sublattice, the vector of the resultant magnetization is directed opposite to the magnetic
moment of the sublattice ¢. This results in a paraprocess of the antiferromagnetic type -
the orientation of the magnetic moments of the Gd3+ ions by the external field in a direction
opposite to the field ﬁex
deed seen in Fig. 1.

Thus, in gadolinium iron garnet the sign and the character of the magnetocaloric effect

ch’ Corresponding to this process is a negative AT [5], as is in-

are determined, in a wide temperature interval, by the paraprocess in the gadolinium sublat-
tice: by a paraprocess of a "ferromagnetic" type in the region T < Gc and of an "antiferro-
magnetic” type in the region T > ec. In the region of the Curie point, as shown by our ex-
periments [6], a superposition takes place of both types of paraprocesses (ferromagnetic due
to the Fe ions and antiferromagnetic due to the G4 ions). The resultant magnetocaloric ef-
fect in the region of the Curie temperature has in this case a positive sign, since the re-
sultant magnetization of the iron sublattice is larger here than that of the gadolinium sub-
lattice.

It was found in [7] that for lithium ferrite-chromite, which has a compensation point,
AR“/R and ARl/R, measured in fields ~1.0LL Oe, have in the region § < T < 0, identical (posi-
tive) signs. This is an anomaly, since in the paraprocess AR, /R and ARL/R are always nega-
tive in ordinary ferromagnets. It is now clear to us that the anomalous signs of ARH/R and
ARl/R in this ferrite are due to a paraprocess of the antiferromegnetic type.

Figure 2 shows plots of AT(t) obtained in the present investigation for the ferrite
L120°2.5Fe203'2.5Cr203. We see that the character of the curves on Fig. 2 is the same as
on Fig. 1. It is clear that in the region ec <T< ef the negative sign of AT in this fer-
rite is due to the paraprocess of the antiferromagnetic type. The role of the gadolinium
sublattice is played here by the octahedral sublattice which contains besides the Fe3+
also the Cr3+ ions. It should be noted that the negative sign of AT in the region ec <T
< @_ vwas observed in [3] for the spinel-ferrite NiFeCrOh, but it was not interpreted there.

f
In conclusion we indicate that a negative AT can produce rotation of the ferromagnetism

ions

vector —Is against the forces of the magnetic anisotropy [8,9] and the gradients of the mag-
netic inhomogeneities. The AT effect due to the rotation of IS is always much smaller in
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magnitude [8]. It can make the most noticeable contribution near Oc , for the rotation of I8
is strongly hindered when this temperature is approached, as is evidenced by the strong
growth of the coercive force in the region of ec {10]. It is possible that the small in-
crease of AT (of negative sign) observed near o, (Fig. 1) is due to this cause.

We are grateful to A. N. Goryaga and S. A. Nikitin for taking part in a discussion of
the results, and to K. M. Bol'shova and T. A. Elkina for supplying the lithium ferrite-
chromite sampie.
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A recent paper [1l] considers theoretically the interaction of conduction electrons with
paramagnetic impurities in a superconductor.

One of the results of that paper is the statement of the possible coexistence of super-
conductivity and of the Kondo effect, which leads to the appearance of a minimum in the tem-
perature dependence of the electric resistance.

Since the results of [1] are of basic significance in the understanding of possible
factors affecting the superconductivity mechanisms, it is of interest to verify the fore-
goling statement experimentally.

We measured the electric resistance of molybdenum single
RQ crystals with very low iron impurity content (~2 x 10'1*%) in the
‘ N temperature region 0.38 - 2.3°K (the low temperatures were ob-
tained with the liquid He3 apparatus designed by the authors of

[2]). The measurement results are shown in the figure.

42|

: temperature are observed up to the transition into the supercon-
4 ducting state. We did not study the inflence of the impurity

An increase of the electric resistance and a decrease of the

concentration on the superconducting-transition temperature. This

T is treated in [3], where an accurate determination was made of Tc
?
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