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Measurements of the magnetocaloric effect in Gd, Dy, and Ho ferrite-garnets, made in the compen­
sation-temperature region, made it possible to detect the occurrence of induced noncollinear magnetic 
structures in comparatively weak fields (up to 20 kOe). It is shown that measurements of the magneto­
caloric effect provide a new possibility of investigating noncollinear spin structures induced by an ex­
ternal field. 

IN theoretical papers of Tyablikovl 1J, Gusev and 
Pakhomovl2 J, and Clark and Callen£31 it has been shown 
that in ferrimagnets, as a result of competition between 
the external field and a negative exchange interaction 
between the sublattices, a noncollinear magnetic struc­
ture can occur in a certain field interval Hc 1 ::::: H :::o Hc 2 • 

Noncollinear structure induced by an external field 
has been observed recently in Ho garnet by study of the 
Faraday effect£41 , inDy garnet by measurement of the 
magnetostrictionlsJ, and by measurements of the magne­
tization and of optical properties in Yb garnetlsJ. For 
the majority of rare-earth ferrite garnets, in the low­
temperature range, the critical fields Hc 1 and Hc 2 are 
very large (500 to 1000 kOe); but near the magnetic 
compensation temperature Tc, according to calcula­
tion£31, these fields should decrease rapidly. 

In the present research, measurements of the mag­
netocaloric effect AT were used to observe the non­
collinear magnetic structure induced by an external field 
near Tc in rare-earth ferrite-garnets. It was shown that 
this effect is very sensitive to the occurrence of induced 
noncollinear structures; this makes possible the ob­
servation of such structures in relatively weak fields 
(up to 20 kOe). 

Earlier investigations of the magnetocaloric effect 
in rare-earth garnetsl 7 ' 8 J showed that over a wide tem­
perature interval, far from the Curie point, the mag­
netocaloric effect is determined principally by the 
paraprocess in the rare-earth sublattice. Here AT > 0 
for T < Tc, where a paraprocess of the ordinary ferro­
magnetic type occurs, and AT< 0 forT > Tc, where a 
paraprocess of antiferromagnetic type occurslaJ. These 
measurements relate to the collinear phase, that is to 
the range H < Hc 1 • 

We shall consider the behavior of the magnetocaloric 
effect in the noncollinear phase. It has been shown£31 
that in a certain range of temperatures (Tc 1 to Tc 2), a 
noncollinear magnetic structure occurs in a rare-earth 
ferrite-garnet (considered as a Neel ferrimagnet) on 
application of a sufficiently strong external field. In this 
case, the total magnetization of the ferrite, Mtob is the 
vector sum of the magnetization MR of the rare-earth 
sublattice and the magnetization MFe of the "combined" 

DQf the Engineering Faculty of the University of Aquila, Italy. 

1 

M" fl:-
lid-& 

H 

FIG. I 

1!. T.f0-2 deg 

~0 

25 

-2.5 

-~01 

Gd 3 fe~OTZ 283.2t'K 
(O.J88mV 

28~11 

.;£-:JF-o--<>-o--o-o- 285." 
..4;GJ$--<>-<>---<>-O<>- 28H5 

~!?"-o------<>---<>--<>-e>-o-<>-o- 285.89 

~:;;...-0--0--o--<>--<>-<><>--<>- 285.07 

10 

FIG. 2 

FIG. I. Vector diagram for the total magnetization in the noncol­
linear phase ( 3 ]. 

FIG. 2. Field dependence of the magnetocaloric effect 6 Tin the 
region of the compensation temperature T c for Gd garnet. The temper­
atures shown on the curves were calculated on the basis of the assump­
tion that over a small temperature interval, the thermal emf of the 
thermocouple is linearly related to the temperature. 

iron sublattice and according to£31 is equal to 

M tot = llln + l\I}'c = II/ lad-e, (1) 
where lad-e is the parameter of exchange interaction 
between the rare-earth and "combined" iron sublattices. 
Since the value of lad-e is practically independent of 
temperature over a wide temperature interval, it fol­
lows from (1) that Mtot also should be independent of 
temperature. In Fig. 1 the relation (1) is represented 
in the form of a vector diagram. The invariability of the 
value of Mtot in the noncollinear phase is determined by 
the fact that the values of MR and MFe and the angles 
eR and liFe change in such a way that Mtot remains 
constantl3 J. 

According to thermodynamics, in adiabatic magne­
tization 

T ( aM tot ) dll dT-- --- , 
- Cu aT II 

therefore in the noncollinear phase, where BMtot/BT 

(2) 

= 0, dT = 0 also; that is, the magnetocaloric effect 
should be absent. Thus the behavior of this effect in 
rare-earth ferrite-garnets during a change of the ex­
ternal field should be as follows: in the range T < T c, 
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FIG. 3. Dependence 1:!. T(H) in the T c region for Dy garnet. 
FIG. 4. Dependence 1:!. T(H) in the T c region for Ho garnet. 
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in fields H < Hc 1 , where the collinear structure is 
preserved, an increase of /),.T should be observed; and 
then on transition to fields H > Hc 1 (with appearance 
of a noncollinear structure, for which dT = 0), since we 

H 
are measuring the integral effect (/),.T = fdT), satura-

o 
tion of the magnetocaloric effect should be observed. 
In the range T > Tc (where /),.T < T), the dependence of 
/),. T on H will be similar. 

Figures 2-4 show the results of measurements of 
/),.T(H) for Gd, Dy, and Ho garnets in the immediate 
vicinity of Tc. The measurements were made by the 
method described in[7 J. 

It is seen from Figs. 2-4 that the /),.T-effect in the 
range T < Tc increases with increase of field, and ap­
proaches saturation with attainment of a field Hc 1 i 
breaks occur on the curves /),.T(H). Correspondingly, 
in the range T > Tc the magnetocaloric effect increases 
with increase of field, remaining negative, and then 
saturates. The saturation of the magnetocaloric effect 
on transition to the noncollinear phase can be explained, 
according tor3J, by the fact that the paraprocess in the 
rare-earth sublattice ceases in the noncollinear phase, 
since the increase of magnetization with field in this 
phase occurs without change of the degree of magnetic 
order in the rare-earth sublattice. In other words, the 
absence of a paraprocess in the rare-earth sublattice, 
in the range in which angular configurations exist, is 
explained by the fact that the total effective field acting 
on the rare-earth sublattice, which is the vector sum of 
the external field H and the exchange field of the iron 
sublattice lad-cMFe• remains constant[3J. 

Thus analysis of the /),.T(H) curves supports the as­
sumptionl3J that on transition to the noncollinear phase, 
the magnetization process of a ferrite becomes more 
complicated: the paraprocess in the rare-earth sub­
lattice ceases, and there occurs a simultaneous rotation 
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FIG. 5. Temperature dependence of critical fields for Gd, Dy, and 
Ho garnets. 

of the magnetic moments of the sublattices, MR and 
MFe· 

It should be noted that everything said above is, 
strictly speaking, valid only on the assumption of weak 
c-c interaction in the rare-earth sublattice and of ab­
sence of magnetic anisotropy. 

From a comparison of the results of the measure­
ments for Gd ferrite-garnet (Fig. 2) with the curves 
obtained for Dy and Ho ferrite-garnets (Figs. 3 and 4) 
it follows that the transition to the noncollinear struc­
ture takes place more abruptly in the first than in the 
Dy and Ho garnets. Furthermore, on the curves for the 
Dy and Ho garnets in fields H > Hc 1 there is still ob­
served some increase of /),. T; this is evidently due to 
the influence of magnetocrystalline anisotropy. When 
account is taken of the latter, Mtot does not remain 
constant in the noncollinear phasel9 J. 

Figure 5 shows the dependence of Hc 1 on tempera­
ture for the ferrite-garnets that we have investigated. 
The values of Hc 1 were determined by extrapolation of 
the linear sections of the /),.T(H) curves, near the break, 
to their mutual intersection. The values of Hc 1 are 
smallest in the immediate vicinity of Tc and increase 
rapidly both on lowering and on raising of the tempera­
ture; on departing from Tc by more than one degree, 
these fields already exceed 16 kOe. 

Inl3J, the following expression is given for the field 
HCl: 

Rei= lad-.:l.ii!R- .ii/Fel. 

From this formula it is seen that at the compensation 
point, where MR = MFe• the field Hc 1 = 0, and the curve 
Hc 1(T) should go through zero. We have made an ap­
proximate estimate of Hc 1 for the Tc region, starting 
from[3J; for Gd ferrite-garnet, a value of Hc 1 for T 
= Tc- 1 o of the order of 10 kOe was obtained. Experi­
ment gave 15 kOe for this temperature, which in itself 
is sufficiently good agreement. Allowance for magnetic 
anisotropyl9 J leads to the result that the curve Hc 1(T) 
does not go through zero at the compensation point. 
Estimation of the value of Hc 1 at the compensation point 
itself (according to the formula Hc 1 ~ v'HaHeff' where 
Ha is the anisotropy field) gave, for the garnets investi­
gated, 3 to 5 kOe. 

Thus our investigations have established that near 
the magnetic compensation point, application of com­
paratively weak magnetic fields (from 4 to 16 kOe) leads 
to the appearance of noncollinear magnetic structures 
in the Gd, Dy, and Ho rare-earth ferrite-garnets. The 
measurements have also shown that the magnetocaloric 
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effect is sensitive to the occurrence of noncollinear 
magnetic structures in rare-earth ferrite-garnets. Such 
measurements provide new possibilities for study of 
induced magnetic structures in ferrimagnets. The 
magnetocaloric effect is more sensitive to the occur­
rence of noncollinear magnetic structures than is the 
magnetization, because in the field interval H to H 

Cl C2 
the ~T-effect saturates, whereas the magnetization in-
creases in that field interval (changing its slope slightly 
at H = Hc 1). 

In conclusion, the authors thank B. V. Mill' for manu­
facturing the high-density specimens of rare-earth 
ferrite-garnets and for the x-ray analysis of them, and 
also S. A. Nikitin and B. K. Ponomarev for participation 
in the discussion of the results. 
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