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A direct study is made of orientational phase transitions in dislocation-containing single crystals 
of gadolinium iron garnet in a magnetic field applied along the ( 11 1) easy axis. The observed 
shape of the boundary of the collinear and canted phases in the stress field of an individual 
dislocation agrees well with the theoretically calculated one. The change of the H - T phase 
diagram of orientational first-order phase transitions is investigated as a function of the distance 
to the dislocation. The experimentally constructed phase diagrams for different points of the 
crystal are well described by the theoretical curves calculated with account taken of the induced 
anisotropy. Certain microscopic parameters of gadolinium iron garnets are obtained on the basis 
of the obtained experimental dependences. 

PACS numbers: 75.30.Kz, 75.50.Gg, 61.70.J~ 

It has by now become obvious that the construction of 
phase-transition theory that describes with quantitative rig- 
or the experimental data is impossible without allowance for 
the real structure of the crystals. The theoreticians therefore 
resort more and more frequently to an elucidation of the role 
ofthe pointlike, linear, and other defects of the crystal lattice 
in the formation of the processes that determine the phase 
 transition^.'^ Exceedingly useful for the development of 
this theory may be experimental research into spin-flip tran- 
sitions, due to the change of direction of the spontaneous 
magnetization vectors of the magnetic sublattices of the 
crystal with changing temperature Tor with changing exter- 
nal magnetic field H in transparent magnetic  dielectric^.^ 
For an experimental study of these phase transitions one can 
use not only traditional methods of measuring the macro- 
scopic properties of the material, but also polarization-opti- 
cal methods of local analysis of the state of the magnetic and 
real structures of the sample, thereby uncovering possibili- 
ties of studying their interaction in the course of the transi- 
tion. 

The first magneto-optical investigations have shown 
that in strong magnetic fields, when magnetization in ordi- 
nary ferromagnets is due only to the paraprocess, the mag- 
netic structure of multisublattice crystals changes and do- 
mains of different phases are formed. Observation of the 
transformation of the domain structure as a function of T 
and H has made it possible to construct diagrams of spin-flip 
 transition^.^'^ 

The main laws that govern magnetic orientational tran- 
sitions were described with account taken of the exchange 
interaction between the magnetic sublattices and the magne- 
tocrystalline ani~otropy.~ Up to now, however, no full agree- 
ment was obtained between the predictions of the theory and 
the experimental data. Thus, on the basis of the model of a 
multisublattice ferrimagnet with ideal cubic anisotropy, it is 
impossible to explain the coexistence of various phases in an 
unexpectedly large temperature i n t e r~a l ,~  a number of ob- 
served regularities of the transition between the canted 
 phase^,^ and the substantial difference between the charac- 
teristics of the phase diagrams obtained by different authors 

that have used the same iron garnets (e.g., the data for the 
gadolinium iron garnet"14). Such disparities between theory 
and experiment are attributed to the inhomogeneities of the 
composition and to internal stresses in the crystals,' but up 
to now no consistent investigation has been made of the in- 
fluence of any elementary sources of internal stresses on the 
orientational phase transitions. This has greatly hindered 
the development of a theory for these phenomena. 

Observation of singularities in the course of the spin-flip 
phase transition near an individual dislocation in single- 
crystal gadolinium iron garnets was first reported in Ref. 15. 
In the present study we have investigated experimentally 
and theoretically the diagram of the orientational phase 
transition in single-crystal gadolinium iron garnets, with 
allowance for the stresses produced by single dislocations. 
We show that the magnetic anisotropy induced by the inho- 
mogeneous internal stresses influences substantially both 
the form of the diagram of the phase transition and its kinet- 
ics. 

EXPERIMENTAL PROCEDURE 

The samples used in the experiment were cut from a 
single-crystal gadolinium iron garnet (Gd,Fe,O,,) grown 
from the solution in a melt, parallel to the (170) plane, and 
the subjected to mechanical and chemical polishing. The ob- 
tained plates, 30-40 p m  thick, were placed in a cryostat 
between a copper washer and a cold finger through which 
heated liquid-nitrogen vapor was passed. The temperature 
was measured with a copper-constantan thermocouple accu- 
rate to f 0.02 K. The cryostat was placed between the poles 
of an electromagnet that produced a constant field of intensi- 
ty up to 22 kOe, measured with a Hall pickup and applied 
along the easy magnetization axis [I l i ]  that lies in the plane 
of the sample. The direction of this easy-magnetization axis 
was revealed, at temperatures far from the compensation 
point, by the 180-deg boundary that separated two Cotton 
domains and was practically perpendicular to the (170) plane 
of the sample. At these temperatures, the magnetization of 
the gadolinium iron garnet is high enough to make this 
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boundary flat and parallel to the magnetization vectors of 
the domains that lie along the easy axis [I 171. The orienta- 
tion of the dislocation glide plane was determined from the 
birefringence rosette16 observed around the dislocation in 
crossed polarizers, when the sample was magnetized tangen-, 
tially to its surface. The identification of thre magnetic 
phases was based on a determination of the directions of the 
sublattice magnetization vectors with the aid of the Faraday 
and the Cotton-Mouton effects in polarized light. 

All the investigated samples had an inhomogeneous 
structure, and the first-order phase transitions between the 
collinear and canted phasesS took place in them predomin- 
antly via nucleation of new phases and gradual displacement 
of their interphase boundaries. The temperature at which 
the investigated interphase boundary passed through a fixed 
point of the sample was assumed (without allowance for the 
influence of the surface tension of this boundary) equal to the 
equilibrium temperature of the phase transition at this point. 
The dependence of the transition temperature on the exter- 
nal magnetic field at various points of the crystal determined 
the line of the phase transitions on the H - T plane. It was 
most convenient to plot each such line in the experiment by 
returning the investigated interphase boundary to the cho- 
sen point via a change in the field H while the temperature in 
the cryostat was slowly decreased or increased. 

EXPERIMENTAL RESULTS 

In the investigated Gd,Fe,O,, samples, in accord with 
the theory,5 in a magnetic field parallel to the [I li] easy axis, 
we observed four phases: two collinear (the magnetization of 
the gadolinium sublattice was directed along the field in the 
low-temperature phase and against the field in the high-tem- 
perature field), and two canted. However, out of the three 

' possible planes of rotation of the magnetic moment of the 
canted phasess for an ideal crystal with cubic magnetic an- 
isotropy, only one was realized. The high-temperature and 
low-temperature canted phases could be easily distinguished 
visually, using slightly uncrossed Nicol prisms, by the differ- 
ence in brightness and coloring. The collinear phases could 
be distinguished by observing the motion of their boundaries 
with the canted phases as the magnetic field and temperature 
were varied. 

A transition between the collinear phases and the corre- 
sponding canted phases, via gradual displacement of an in- 
terphase boundary through the entire sample in a constant 
magnetic field H S  0.5 kOe, took place when the tempera- 
ture was changed by several degrees. With increasing exter- 
nal field, the temperature interval of the transition decreased 
to approximately 0.5 K and remained practically constant at 
H2 3 kOe. It was determined to a great degree by the crys- 
tal-lattice defects which influenced both the nucleation of 
the new phase and the character of the interphase-boundary 
motion. The magnetic orientational transition in a constant 
field HI1 [ l l i ]  equal to 177 Oe, near a single 60-deg disloca- 
tion with a glide plane (1 17) and axis [ l i ~ ] ,  is illustrated in 
Fig. 1. When the temperature approached from below the 
compensation point Tc, equal to 282.5 K in the vicinity of 
the dislocation, a low-temperature canted phase D, in the 

form of a light three-lobe rosette, appeared against the back- 
ground of the collinear phase B, in which the magnetization 
Mll[l l i ]  was in the plane of the plate (Fig. la). One of the 
lobes of the rosette was considerably smaller than the other 
two. The region occupied by the phase D in Fig. 1 is brighter 
than its surrounding dark region of the phase B, since the 
magnetization of the iron sublattices in the phase D emerged 
from the plane of the sample, causing Faraday rotation of the 
plane of polarization of the light. 

With increasing temperature, the rosette of the canted 
phase on the dislocation increased and emerged with the 
macroscopic region of the same phase advancing from the 
volume of the sample (Fig. lb). In the course of the subse- 
quent successive (Fig. lc) redistribution of the volume frac- 
tions of the phases B and D, their sectorial arrangement in 
definite sections of the dislocation field of the microstresses 
was rigorously preserved. The collinear phase B, decreasing, 
formed a rosette (Fig. Id) symmetric, relative to the disloca- 
tion axis, to the phase-D rosette that existed at lower tem- 
peratures (Fig. la). The phase B vanished at 284 K. 

A similar process took place when the temperature ap- 
proached Tc from above. The picture of the replacement of 
the high-temperature collinear phase A by the high-tempera- 
ture canted phase C is practically identical to that consid- 
ered above, apart from the replacement of the corresponding 
values of T (see Fig. 1) by 2Tc - T. The magnetization of the 
iron sublattices in the region of the high-temperature phase 
C, just as in the D phase, was along the [I l i ]  axis, and the 
form of the magnetic rosettes produced on the dislocation 
was the same as in Fig. 1 for the low-temperature transition. 

Within the volume of the sample, the low-temperature 
and high-temperature transitions proceeded in similar fa- 
shion: In both temperature intervals that are symmetrical 
about T, , the moving interphase boundaries were similar in 
shape in the transitions B-D and C-A. 

The transition between the high- and low-temperature 
phases of the same type (both between collinear and between 
canted phases) was due to the motion, through the crystal, of 
an interphase boundary identical in character with a 180-deg 
compensation boundary." In magnetic fields H 2 0.5 kOe at 
Tz283 K, the incipient new phase was bounded by such a 
compensation boundary that moved through the entire crys- 
tal with further decrease of temperature (by approximately 
0.5 K). In weaker fields H S  0.5 kOe, the transition between 
the high- and low-temperature phases took place at 
Tz282.5 K so rapidly that it was impossible to follow the 
displacements of the interphase boundaries. 

The character of the influence of the defects of the crys- 
tal lattice on the compensation boundary differed substan- 
tially from their influence on the boundary between the col- 
linear and canted phases. The phases of the 180-deg 
neighborhood, separated by such a boundary, were equiva- 
lent with respect to the internal stresses. Therefore the direc- 
tion of the approach of the compensation boundary to the 
dislocation was determined by factors that were not connect- 
ed with the dislocation stress field. Accordingly, the equiva- 
lent phases in the process of the transition did not form char- 
acteristic rosettes on the dislocation. The compensation 
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FIG. 1.  Change of the sham of the intemhase boundan near 

boundary was only pinned to the dislocation and broadened 
to form two dark lobes corresponding to the collinear phase 
(Fig. 2). Thus, the dislocation stresses produced from the 
180-deg boundary a collinear phase whose region of exis- 
tence broadened somewhat. 

With increasing field, besides the shortening of the re- 
gion occupied by the collinear phase (the dark region on the 
top of Fig. 2), the broadening of the boundary near the dislo- 
cation decreased and at H 2 2 kOe was already practically 
unresolved. 

To explain the mechanisms whereby the dislocation in- 
fluences the phase spin-flip transition around it, we investi- 
gated the spatialdistribution of the transition temperatures. 
The angular dependence of the transition temperature is de- 
scribed by the form of the interphase boundary (see Figs. l a  
and Id), and its change with increasing distance from the 
dislocation core was obtained from measurements of tem- 

a dislocation the coursepfa spin-flip transition in anexter- 
nal magnetic field HIIlI 1 1 1  (the Nicol ~risms are sliahtlv un- 
crossed): a) T =  280.6-K; b ) ' ~ =  281.0K; c) T =  2 f i . 7 ~ ;  d) 
T=282.1 K ; H =  177Oe. 

perature dependence of the size of the magentic-rosette lobe. 
The change of the temperatures of the first-order low- and 
high-temperature transitions as functions of the reciprocal 
distance to the dislocation axis along the [ I l l ]  direction at 
H = 170 Oe is shown in Fig. 3. The experimental points cor- 
respond to temperatures T a t  which the dimension of the 
dislocation-rosette lobe directed along [I 1 11 assumed the 
corresponding values R. In this case the collinear-phase lobe 
(the dark rosettes, Fig. 1) was assigned negative values of R, 
and canted-phase (light) lobe positive values to take into ac- 
count their symmetry with respect to the dislocation axis. It 
can be seen from Fig. 3 that the experimental point fit well 
straight lines. This indicates a linear connection between the 
temperature of the spin-flip transition and the dislocation 
stresses which are inversely proportional to the distance 
from the dislocation core. All lines have equal slope within 
the limits of measurement accuracy, dT/dR -' = 1.54 
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FIG. 2. Pinning of a 180-deg compensation interface between the high- 
and low-temperature canted phases by a dislocation: T = 282.5 K, 
H = 280 Oe (the Niwl prisms are crossed). The dislocation axis is 
marked by an arrow. 

FIG. 3. Dependence of the temperature ofthe transition between the cant- 
ed and collinear phases on the reciprocal distance R -' from the disloca- 
tion core along the [ I l l ]  direction. R > 0 in the growth direction of the 
canted-phase lobe. and v-experimental low- and high-temperature 
phase-transition points; H = 170 Oe. 

FIG. 4. Local phase diagrams in the vicinity of the dislocation at a dis- 
tanceR from its axis in the [I 111 direction. 1,l ' )R = 13 pm; 2,2') R = 35 
pm; 3, 3') R = - 35 pm; 4,4') R = - 13 p m  respectively at low- and 
high-temperature transitions from the collinear into the canted phase. 

X 10W3 deg cm. A straight line with negative slope corre- 
sponds to a low-temperature transition from the collinear to 
the canted phase, and one with positive slope to a high-tem- 
perature transition. The deviation of the experimental points 
from straight lines at IR '1 2 100 p m  is due to the influence of 
other sources of stresses that distort the elastic field of the 
considered dislocation and lead to a change in the form of the 
dislocation rosette when its dimensions exceed - 100 pm. 

In accordance with these data, a distribution was made 
between the phase diagrams, plotted in coordinates Tand H, 
at different points of the crystal in the vicinity of the disloca- 
tion. Figure 4 shows the H - T diagrams of the phase transi- 
tions, plotted by the method described above, in four points 
that are symmetric about the dislocation and are located at 
different distances from each (each plotted line corresponds 
to values of T and H at which the size of the lobe of the 
magnetic dislocation rosette (see Fig. 1) in the [ l  1 11 direction 
retained a fixed value of R ). It can be seen that in local sec- 
tions of the crystal situated on one side (R > 0) of the disloca- 
tion, the H - T diagram does not undergo fundamental 
changes as the dislocation is approached, whereas from the 
opposite side (R < 0) the diagram changes qualitatively when 
the distance to the dislocation is decreased. At the point 
where the transition takes place from a diverging diagram 
(curves 1-3) to an intersecting one (curve 4), as will be shown 
later on, the dislocation microstresses and the stresses from 
other sources cancel each other. Some mismatch of the 
centers of the phase diagrams at different points near the 
dislocation is due to the variation of T, over the sample, due 
apparently to the inhomogeneity of the sample composition. 

There is no phase-transition line between the low- and 
high-temperature phases in Fig. 4. An investigation of this 
transition with the aid of stabilization of the position of the 
compensation boundary in the vicinity of the dislocation is 
made difficult by the fact that the boundary is easily attract- 
ed to the dislocation core (see Fig. 2) and is retained by it in a 
large temperature interval. 
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FIG. 5. Phase diagrams plotted at crystal points where the induced anisotropy enhances (a) and hinders (b) the formation of the canted phase: A- 
transition between low-temperature collinear and canted phases; V-transition between high-temperature canted and collinear phases; 0-transition 
between canted phases ( 1  80-deg rotation of the sublattice magnetization), Stransition between low- and high-temperature collinear phases. 

More correctly plotted were the phase diagrams far 
from the dislocations, in the crystal section in which the 
curvature of the interphase boundaries was insignificant and 
therefore their surface tension influenced the measurement 
results less. In these regions with low inhomogeneity of the 
internal stresses, the displacements of the boundaries of the 
canted and nonlinear phases under the influence of a weak 
change of temperature were much larger than in the vicinity 
of the dislocation. This made it possible to determine the 
phase-transition temperature more accurately. In crystal 
sections that are far from the dislocations it is easy to fix the 
instants at which the compensation boundary passes 
through them when the temperature is changed. The form of 
the phase diagrams obtained at different points of the crystal 
depends substantially on whether the induced anisotropy at 
these points contributes to the appearance of a canted phase, 
as in the case of curves 1-3 of Fig. 4, or whether it hinders it, 
as at the point corresponding to curve 4. Both cases are 
shown in Fig. 5. In Fig. 5b, in the metastable region of exis- 
tence of high-temperature phases at T < Tc = 283.1 K, there 
is no experimental phase-transition line, inasmuch as in the 
corresponding magnetic field the temperature of this high- 
temperature transition is lower than the temperature of nu- 
cleation of the compensation boundary in the region with the 
larger value of T, . 

At H >  5 kOe, in all cases, the asymptotes of the experi- 
mental points are straight lines (shown dashed in Fig. 5) 
passing through Tc and havinga slope IdH /dT I =. 12.8 kOe/ 
deg. The compensation-boundary motion which causes the 
transition between the low- and high-temperature phases, 
took place through the chosen sections of the crystal at dif- 
ferent field-independent temperatures T = Tc . 
PHASE DIAGRAM OF IRON GARNET NEAR THE MAGNETIC- 
COMPENSATION TEMPERATURE 

An analysis, based on the general t h e ~ r y , ~  of the change 
of the diagram of the considered phase transition under the 

influence of an induced anisotropy having arbitrary form 
and due to internal stresses or to other factors, is extremely 
complicated and has never been carried out. All that was 
calculated theoretically was the phase diagram for the case 
of strong uniaxial anisotropy with an axis parallel to the 
magnetic field applied along the ( 1 1 1) direction. ls  The spin- 
flip transition in the experimentally investigated region of 
relatively weak magnetic fields can be described by a simpli- 
fied theory that makes it easy to calculate the phase diagram 
in a real crystal. 

We take into account the circumstances that in a weak 
magnetic field and at an induced magnetic anisotropy lower 
than cubic, the magnetization vectors of the sublattices of a 
rare-earth iron garnet deviate insignificantly from an easy- 
magnetization axis such as (11 I) ,  and remain practically 
collinear. In this case, at sufficient compensation of the sub- 
lattice magnetizations, the susceptibility in a field perpendi- 
cular to the easy axis, X,  , due to a kink of the sublattices, is 
larger than the longitudinal susceptibility x II due mainly to 
the change in the magnetization of the rare-earth sublattices. 
The canted phase near Tc in an external magnetic field is 
therefore energetically favored. The magnetocrystalline-en- 
ergy difference between the phases, which appears at a weak 
deviation of the magnetization of the sublattices from the 
corresponding directions of the easy axis (1 1 I) ,  is much less 
than the energy connected with the susceptibilities x and 
xI. In first-order approximation this contribution of the cu- 
bic anisotropy can therefore be neglected, and subsequently 
its influence affects only the choice of the possible directions 
of the easy axis. 

Neglecting the intrinsic exchange of the rare-earth ions 
the dependence of the magnetization MR of their sublattice 
on the field H and on the temperature Tis expressed in terms 
of the Brillouin function B, (x) (Ref. 5): 

where x = p, H,,/kT, p, is the magnetic moment of the 
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ion, He, = H + A M, is the effective field acting on the 
rare-earth sublattice M, = M I  + M, is the total magneti- 
zation of the iron sublattices, A is the effective parameter of 
the exchange interaction of the rare-earth sublattice with the 
iron sublattices, k is the Boltzmann's constant, and, 
M O, = MR at T = 0 K. Near the compensation point (where 
MR = - ME at H = 0) the dependence of the resultant 
magnetization on the temperature can be easily expressed in 
terms of the longitudinal susceptibility x ,, : 
Then, taking into account the assumptions made, the energy 
of the magnetic phase of the iron garnet takes the form 

where 6 is the angle between the easy axis along which the 
magnetic moments of the sublattices are oriented and the 
external field H, while E is the energy increment due to the 
elastic stresses or to be the noncubic anisotropy induced in 
the course of the crystal growth. Under the conditions of our 
problem cos6 = f 1 for collinear phases and cose = + 1/3 
for canted phases. 

A first-order transition between the phases takes place 
if their energies are equal. We then obtain from (3) the depen- 
dence of the temperature of the transition between the cant- 
ed and collinear phases: 

(the minus and plus signs are for the low- and high-tempera- 
ture transitions). Here A s  = E , ,  - E,, is the difference 
between the anisotropy energies of the collinear and canted 
phases. An equilibrium transition of first order between 
phases of one type should take place at T = T, ,just as in an 
ideal crystal. 

Equation (4) describe well (solid lines in Fig. 5) the ex- 
perimental results. When account is taken of the experimen- 
tally obtained values, namely: the values of T, correspond- 
ing to temperatures at which the dashed lines on Fig. 5 
converge; the slopes of the phase-transition lines IdH /dT I at 
H 2 5 kOe; the temperature width 24 Tof the "throat" of the 
phase diagram (curves 1-3 on Figs. 4 and 5a, and the values 
of the field H at which the low- and high-temperature phase 
transitions take place at the same temperature (curve 4 on 
Fig. 4 and 5b). (The theoretical curves were left out of Fig. 4 
for simplicity .) 

CALCULATION OF THE SHAPE OF THE BOUNDARY 
BETWEEN THE COLLINEAR AND CANTED PHASES NEAR A 
DISLOCATION 

Relation (4) explains now the behavior of the boundary 
of the collinear and canted phases: When the temperature or 
field changes, the boundary traces a sequence of profiles of 
equal energy Ae. Near the dislocation we have 

where uij = ~ 8 @ ~ ( p  )/2?rp(1 - v) are the components of the 

tensor of the dislocation microstresses (i, j = x, y, z; thez axis 
is parallel to the dislocation axis), expressed in cylindrical 
coordinates (p,p); G is the shear modulus, v is the Poisson 
coefficient; @#(p ) are dimensionless functions of the angle p 
and depend on the orientation and type of the dislocation; 
8 = b, is the edge component of the Burgers vector b of the 
dislocation at ij = xx,  yy, xy, zz or 6 = b,(l - v) at ij = xz, 
yz (b, is the screw component of the Burgers vector); AVmn 
are the components of the magnetostriction tensor and can 
be expressed in terms of the magnetostriction coefficients 
A,,, and A ,, that correspond to magnetization of the crys- 
tal along the ( 11 1) and ( 100) axis; a:' and a","" are the 
direction cosines of the magnetization of the collinear and 
canted phases, respectively. 

The difference AE, between the energies of the collinear 
and canted phases, induced in the course of the growth or 
produced by stresses from other sources, will be assumed in 
first-order approximation to be constant in the considered 
region near the dislocation. The boundary between the col- 
linear and canted phases will then describe a contour with 
AE = const: 

where the characteristic dimension is 

and the dimensionless function of the angle p is 

Aijmn 8 
@(cp)=-- mtj(cp) [am*a,K-amYa,Y I .  

All, b 
Given T and H, the transition takes place at the point 

p(p), where Ae takes on the value determined from (3). If 
A s  > A&,, a rosette of the canted phase appears around the 
dislocation. As A E - P A ,  its dimension increases [see (7)], and 
at AE < A s ,  the canted phase already occupies the main vol- 
ume around the dislocation, while the collinear phase com- 
presses into a rosette which is symmetrical to the previously 
considered canted-phase rosette relative to the dislocation 
axis. 

The dislocation around which formation of the magnet- 
ic rosettes shown in Fig. 1 was observed has a glide plane 
(1 17). The minimum Burgers vector of such a dislocation is 
b = a[O11] (a is the lattice constant of Gd,Fe,O,,). The func- 
tion @ (p) corresponding to it was calculated in the elastic- 
isotropic approximation for the experimentally investigated 
transition between the collinear phase with magnetization 
along [ l l i ]  and a canted phase with sublattices having a 
magnetization close to [ l i l ] .  The calculation was carried 
out, as in Ref. 19, using the representation of the tensors in 
the six-dimensional formalism. The magnetostriction coeffi- 
cients used were those at T = 296 K; A ,, = 0.17 x loW6, 
A,,, = - 2 . 9 3 ~  1oW6(Ref. 20)andG = 7.6X 10" erg/cm3, 
v = 0.28, and b = a d  = 1 . 7 6 ~  loW7 cm. The shape of the 
obtained theoretical rosette (Fig. 6) agrees well enough with 
the experimentally observed one (see Fig. Id). For the [ I l l ]  
direction, along which the lobe of the magnetic rosette has 
the maximum size, we have @ (p,, ,) = 1 .O1 (R = 1 .Old ). 

From (4) and (6) we obtain an expression for the slope of 
the linear dependence of the temperature of the transition 
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FIG. 6. Theoretically calculated shape of rosette produce-d on a disloca- 
tion with a Burgers vector b = a[011] and a glide plane ( 1  1 1 )  in a transiticn 
between phases with su-hlattice magnetizations close to the easy axes 11 1 11 
(shaded region) and [l 1 11. 

between the collinear and canted phases on R -': 

To conclude this section we note that, using the method 
proposed above, we can calculate the shape of the interphase 
boundary and the phase diagram in the case of any known 
distribution of the internal stresses in the crystal. 

DISCUSSION OF RESULTS 

The theoretically obtained expressions (4), (6), and (9) 
make it possible to estimate, on the basis of the experimental 
data, certain physical parameters of gadolinium iron garnets 
and to compare them with the values calculated in the mo- 
lecular field approximation. In particular, the value Idt / 
dR - ' I = 1.54 x 10W3 cm deg, measured at H = 170Oe, ena- 
bles us to calculate from formula (9) the longitudinal suscep- 
tibility of the system /1X I I  .= 1.03. 

In first-order approximation, within the framework of 
the molecular-field theory, the magnetization MGd of the 
gadolinium sublattice is describerd by Eq. (I), in which the 
magnetic moment pGd of the Gd3+ ion is equal to 7 Bohr 
magnetons, and M z d  = 124.4 cgs emu/g. At 
T = Tc = 282.5 K we have MGd = M,, = 22.2 cgs emu/g 
(Ref. 13). If we take into account in a weak external field near 
T, only the change of the magnetizations of the gadolinium 
sub lattice^^^ = dMGd /aH (MF, = const) then 

AXII=~~7,;4jx) ~BT,,  (x) /dz=0.967, 

where x = 0.423 was calculated form B,,, (x) = MGd /M Ed 
at T = T, . A more accurate values AX = 1.01 is obtained 
by differentiating with respect to H the equations for the 
magnetizations of all three sublattices of the magnet 
[All= -61000,1Z12= -91060,1Z13= -900tA22 
= - 29 000, A,, = - 4075 Oe-g/cgs emu, My = 59.3, 

and M: = 88.9 cgs emu/g (Ref. 13)]. The theoretical and 
experimental values of AX n are in good agreement. 

The slopes of the H - T lines of the phase transition 
between the canted and collinear phases as 5 kOe < H < 20 
kOe (Fig. 5) are characterized by the value IdH /dT 1 z 12.8 
kOe/deg. Assuming that in this field interval the elastic 
stresses influence little the slope of the phase-transition lines 
(cf. Figs. 5 and 5b), we obtain from (4) IdH/dT I = (3/2) 
kl -xll 1-'xllAMFe T, 

Here AM,, T, ' = xk /pGd = 900 Oe/deg at T = T, . 
Then, using the experimental value of IdH /dT I, we obtain 
(XI --x,~)/x~~ ~ 0 . 1 1 .  This quantity can be easily obtained 
theoretically by recognizing that the transverse susceptibil- 
ity xI of a gadolinium iron garnet principally by the kink and 
the direction of the external field of the magnetizations of its 
sublattices. When account is taken of the rotation of the 
magnetization vectors of the gadolinium and of the two iron 
sublattices we have 

Using /1X I I  = 1.01, we obtain (y, - xll )/xII ~ 0 . 0 9 .  The dis- 
crepancy between the experimental and theoretical values 
must be regarded as very small, since the value Cy, - xl, )/xII 
is determined by the difference between close quantities X, 
andx ,I , which in turn are calculated on the basis ofRg mea- 
sured with definite errors. 

The general picture of the spin-flip phase transitions in 
gadolinium iron garnet, as can be seen from the foregoing 
estimate, is well described on the basis of the model consid- 
ered by us. The good agreement obtained between the calcu- 
lated curves [expressions (4) and (6)] and the experimental 
data (Figs. 1 and 5) is evidence that the equilibrium location 
of the interphase boundary in the crystals corresponds to a 
great degree to magnetoelastic nonequivalence of the collin- 
ear and canted phases, and that the influence of the internal 
stresses on the spin-flip phase transition manifests itself 
principally on account of the change of the magnetic anisot- 
ropy of the crystal. 

The shift of the compensation temperature on account 
of the dilatation component of the stresses can be regarded as 
a less important factor, inasmuch as a noticeable change of 
Tc calls for higher voltages than are usually realized in the 
crystal. Thus, to shift Tc by 0.1 K the stresses needed are of 
the order of 2 kgf/mm2 (Ref. 6), which are reached near the 
dislocation core only at a distance not farther than -2 p m  
from it. Therefore the experimentally observed stronger 
changes of the compensation temperature over the sample 
(cf. Figs. 5a and b) can be connected with the concentration 
inhomogeneity of the composition or impurity. In this case, 
as seen from Fig. 5, a change of Tc leads to a temperature 
shift of the phase diagram as a whole. 

The good agreement, not only qualitative but also quan- 
titative, between the experimental and theoretical data un- 
covers prospects for the use of the determined relations for 
the spin-flip phase transitions for the purpose of studying the 
defect structure of rare-earth iron garnets. In particular, in- 
vestigations of the magnetic rosette produced near the dislo- 
cation make it possible to determine the direction and mag- 
nitude of its Burgers vector. 

From the distribution of the striction-nonequivalent 
magnetic phases in the crystal one can determine more reli- 
ably the induced anisotropy and the weaker internal stresses 
than by the photoelasticity method. Thus, by measuring the 
transition-temperature shift due to the stresses accurate, 
e.g., to + 0.1 K we can record a stress level of the order of 2 
kgf/cm2. 

Finally, measurements of the temperature shift of the 

165 Sov. Phys. JETP 57 ( I ) ,  January 1983 Vlasko-Vlasov eta[ 165 



phase transitions as a function of the level of the microscopic 
(residual or induced) stresses or near a dislocation with 
known characteristics, can also be used to determine the mi- 
croscopic parameters of an iron garnet with a compensation 
point. 
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