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The static and dynamic response of cluster glass ips8& sCoO; has been experimentally investigated
through linear and nonlinear ac susceptibility measurements in the frequency range 137 Hz to 1370 Hz; ac field
(1-10 Oe, dc field (0—40 Oeg. Field cooled and zero field cooled dc magnetization data have also been
reported. An attempt has been made to compare the dynamic response of cluster glass with spin glass, reentrant
spin glass, and canted spin systems. The interesting observation is that in the cluster glass system, the coer-
civity at low fields under the zero field cooled condition does not increase rapidly, as one approaches the
so-called freezing temperaturd@ ], unlike that in typical reentrant spin glass systems. We also observed a
linear relation of field cooled coercivity—jsC (i.e., the coercive force to bring the thermoremanent magnetiza-
tion to zerg with cooling fields H¢c) at different temperatures. The variation(hﬂEC/d Hec with T(K) shows
an exponential behavior far<T.. We believe that this is a significant observation for cluster glass systems.
[S0163-18296)00834-X

[. INTRODUCTION range ferromagnetic ordering beloW,, the system also
shows some features similar to those found in RSG systems.
Spin glassSG) states have been found in a wide variety Systems like CysMn o5, YFeAl,, and FgTiS, have been
of systems including the magnetic insulators or amorphousonsidered to belong to the family of cluster glaskhere-
alloys with the following common feature¢l) frozen in  fore, it is interesting to study the static and dynamic response
magnetic moments below some freezing temperafytg2)  of a well-defined CG system in comparison with SG, RSG
lack of periodic long range magnetic order, a® rema- and canted spin systems.
nence and magnetic relaxation over macroscopic time scales According to the phase diagram suggested for
belowT; when there are changes of magnetic field. From thd-a;—Sr,CoOj3 on the basis of magnetization measurements,
macroscopic point of view, these properties have been chaka,sSrsCo0O3; belongs to the cluster glass phase.
acterized by the temperature dependence of dc magnetizkd this system the double-exchange interaction between
tion, ac susceptibility in the field coolegdC) and zero field trivalent and tetravalent cobalt spins and the exchange inter-
cooled (ZFC) conditions, hysteresis effect and magnetic re-action between high spin €6 and low spin Cd' is consid-
laxation experiments. In a certain number of alloys likeered to be ferromagnetic whereas the superexchange interac-
AuFe (beyond 12 at. % Pe one encounters a domain of tions between high spin€o®* —Co3*, Co*"—Co*") are
reentrant behavior which shares the characteristics of botantiferromagnetic. The competition between the ferromag-
SG and ferromagnetic orderings—the so-called reentraretic and the antiferromagnetic interactions along with the
spin glass(RSG. These systems undergo a PM-FM transi-randomness lead to SG states observed ferx€0.18.
tion at a Curie temperaturé, and have a lower freezing When the ferromagnetic exchange interactions just overcome
temperature, characterized by a strong decrease in the initithe antiferromagnetic one, the cluster glass phase appears
susceptibility with thermomagnetic irreversibility. How-  with short range ferromagnetic ordering (0<18<0.50)°
ever, it is important to mention that the macroscopic properin this paper, we experimentally investigate the dynamic and
ties of many system.g., canted, RSG systemsdergoing  static response of the metallic system gl&r,sC0O;,’
multiple magnetic phase transitions may show common feathrough the study of linear and nonlinear components of
tures, although the microscopic natures and underlying phys¢(wac.Hqgd, dc magnetization and hysteresis experiments
ics could be quite different. To differentiate between theseunder ZFC and FC mode to compare with SG, RSG, and
systems, a careful ac susceptibility studyth frequency and canted spin systems.
field dependengawith static biasing field in the FC and ZFC
condition,.gtc., has. been suggested by us. Il EXPERIMENT
A modified version of the SG system, termed ‘“cluster
glass” (CG) can be considered to be a set of clusters, formed The sample(LaysSrgsC003) was prepared by the high
due to short range ordering at some temperature near themperature ceramic method as reported edrfi@kppropri-
Curie-like temperaturd .. Below T, the cluster glass sys- ate molar ratios of LaO3; which was preheated at
tem is expected to show SG-like behavior with increasedl000 °C, cobalt oxalate, Cof©,, 2H,0, and SrCQ were
magnetic spin densitjinstead of considering sets of isolated thoroughly mixed in an agate mortar and initially fired at
atomic moments®>* On the other hand, due to the finite 900 °C for the decomposition of oxalate and carbonate. The
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FIG. 2. dc magnetization data under the zero field cooled con-

o ] ~dition as a function of field at different temperatuf@91-294 K.
FIG. 1. dc magnetization data under zero field cooled and field

cooled conditions as a function of temperature at a field of 10 OeWith lowering of temperature down to 185 K and then un-

resulting mixture was heated to 1000 °C for 3 days Withdergomg a comparatively less rapid change, it finally levels

) . L . c%ff. For M(T), our observation is similar to the results found
intermediate grindings and finally the sample was heated 3l Ref. 6. We associate the sharp riseMnwith the appear-
éﬁr?e gi;0r|624 Eavswethcg?ne ?&%ﬂi‘;ﬁfﬁ;gﬂﬂga? rma;t\ll\cl)g ance of the finite range ferromagnetic coupling, forming the
X-ray diffra?ctioﬁ ona Philigs PW 1730 x-ray diffractgmpeter Clusters around a quasicritical temperatlige The absence
Lattice parameters were calculated by a Ieast-square%f true long range order is apparent from the large difference

. etweenM - andM belowT. (=245 K). The change in
method. The calculated lattice parameters were comparab FC ZFC cA s , .
to those reported earliérThe oxygen stoichiometry of the dM/dT around 75 K may be associated with the freezing of

. 4 DT the clusters in the static field that will be discussed subse-
compound was determined by iodometric titrations. The uently. In the SG systems, the irreversibility starts below

composition of the final compound thus determined Wasl'f with the FC curve almost flat whereas the ZFC magneti-

La‘.’l;fr’lseroh?lg gnoezi?gz\(t)igzrrin is expressed as zation drops at lower temperature. The difference between
Mec andM z¢c (i.e., remanengas much higher in the cluster
m=mg+ x1h+ xzh?+ ysh3+ - - -, (1) glass phase compared to the spin gl_ags ptaseesponding
to La; _,Sr,Co0O3 for x<0.2) at sufficiently low tempera-
whereh is an applied fieldm, is the spontaneous magneti- tures, indicating the presence of short range ferromagnetic
zation, y is the linear susceptibility, ang, and x5 are the  ordering within a cluster. It may also be noted that in a
nonlinear susceptibilities. Using an ac figld= hysinwt, the  typical RSG systen(i.e., PM-FM-SG phasethe irreversibil-
o and 3» components ofn are measured. ity occurs at low temperatures far beldw whereas in CG
The ac susceptibilitieg; and x} (linear componenjsare  irreversibility occurs just aT<T..
measured using a L’ATNE mutual inductance bridge. The Figure 2 shows the measuremenitM{H) under the ZFC
details of the apparatus are given in Ref. 9. The details of theondition at several temperatures using the vibrating sample
measurements of theuBcomponent(3/4)Xgh(2)] along with magnetometer in the field range22 kOe. The data are in
the effect of the dc field in the measurements of higher hargood agreement with those found in Ref. 6. Even at 101 K
monics have been discussed in Ref. 10. The low field magR0 saturation has been observed for fields of the order of 2.2
netization and hysteresis experiments have been performéd No S-shaped curve characteristic of SG systems has been
using an automated flux-type magnetométend the high obtained. For temperatures below the freezing temperature,
field magnetization data have been taken using the commet? both canonical SG as well as insulating SG systems, ZFC

cial PAR EG & G vibrating sample magnetometer. magnetization shows a8-shaped behavior, i.e., the initial
slope of the curve is smaller than the slope at an inflection

point for nonzerdH. The linear relation can be obtained only
for field >1 T in Arrot’s plot similar to Ref. 6 suggesting the
Figure 1 shows the temperature dependence of dc magnéeld induced FM behavior.
tization for Lay sSrpsC00; in the zero field cooledZFC) The measurement of ac susceptibili%CS) gives us a
and field cooledFC) conditions. On lowering the tempera- detailed insight into the dynamics of freezing. Preliminary
ture, the ZFC magnetization rises sharply at around 250 KACS data for different Sr concentrations have been
and then undergoes a less rapid drop down to 15 K. It mayeported’ In an assembly of clusters formed out of short
also be noted that the rate of decrease of magnetization wittange interactions, the freezing appears through the probabil-
respect to temperature, i.elM/dT in the region 75-185 K ity of each cluster to overcome the energy barBeinduced
is comparatively smaller than in the region 15-75 K. The FCby the local anisotropy, expressed in terms of relaxation time
and ZFC magnetizations have the same value around amd= 7oexp®/KT). On lowering the temperature, the relaxation
above 250 K. Below 250 K, FC magnetization rises rapidlytime increases and an anomaly in ac susceptibility will ap-

Ill. RESULTS AND DISCUSSION
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FIG. 3. The linear and nonlinear ac susceptibility data measured F!G- 4. The linear and nonlinear ac susceptibility data measured
at an ac field of 1 Oe, 137 Hz with or without a dc field of 40 Oe. &t different ac field¢1-10 Oe at a frequency of 137 Hz. The insets
show the low temperature region.

pear atT; when 7 becomes larger than the characteristictically with the application of a superimposed dc figkD
measuring time. On the other hand, if the relaxation timeDg). AroundT,, the suppression of;(T) andx peaks may
spectrum is very broad, this anomaly in ac susceptibility carbe considered to be the signature of the partial suppression of
be associated with the maximum or some average of thghe magnetic fluctuation with the application of a dc fitld.
largest relaxation times of the distribution. Figure 3 showsBelow T, the modification in the presence of a dc field
the temperature dependence of the real part imaginary including the suppression of the low temperature peak in
part x;, and the nonlinear susceptibilify3/4)x5h3| under  y%(T) is due to the absence of true long range order as well
the ZFC condition at a fundamental frequencf~137 H2  as the slow response of the clusters in the presence of a dc
and ac field of 1 Oe with or without a superimposed dc fieldfield. Moreover, in the case of true long range FM ordering,
(40 Og. The rise in x1(T), accompanied by a peak in inthe ZFC condition, the maximum ig; has been found to
x1(T) and the nonlinear component at a temperature arounde much sharper compared to the rounded maximum in the
T.~250 K, can be associated with the appearance of shortase of finite clusters.

range FM ordering, i.e., the formation of clusters. At a lower Figure 4 and the insetin the low temperature region
temperatureT;~138 K, the kink inx;(T) and a peak in show the ac field amplitude dependencexqfT), x1(T),
x1(T) can be associated with the freezing of clusters in ouand |(3/4)X§h§| as a function of temperature. The small
time scale of observation. In this context, it is important tosignal-to-noise ratio in the measurement of higher harmonics
point out that no low temperature nonlinear anomaly hasand the contribution from other higher harmonics have al-
been observed for a low ac field amplitudé?®~ 1 Oe. This  ready been mentioned. When the ac field amplitude is in-
is due to a very small signal compared to the noise level foereased from 1 Oe to 5 Oe and 10 Oe, a broad nondivergent
the nonlinear measurements at low fields, as described ipeak appears ig} andxg at a lower temperature. The higher
Ref. 12. The dynamic magnetic response gets modified drasemperature maxima ig;, x3, andyj shifts to lower tem-
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b glassy behaviot.In the present case, the nonlinear term
0k shows a very broad peak at a lower temperaiure 146 K,
o~ ' L : . . associated with the freezing of clusters. The maximazgn
‘o4 T data appears to be at a temperature different fromxthe
™ “s Q maxima.
[] © 4 (o}
©3r ¢ % In the SG systems, the temperature associated with the
£ ‘5 2t & maxima ofy; , corresponding to the PM-SG transition varies
7“’ 2 M slowly with the measuring frequency. The strong fre-
o et [ . . . § guency dependence alqng with large € Tp)/T;(=~0.5) has
=r been suggested to be signature of cluster freeZiniiMore-
< § N over, the susceptibility itself is frequency dependent even
20T aboveT; for superparamagnetic clusters, whereas it is slowly
o ! | ! ! ! frequency dependent beloWw; only for SG systems. It is
75 125 175 225 275 important to point out that the study of the frequency depen-

T(K) dence may be useful to compare a numbesysftem® but
nothing can be definitely concluded about the existence or

FIG. 5. The linear and nonlinear ac susceptibility data measure&wneX'Sten?e of_a finite temperature phase t.rans%tlélgure
at different frequenciel37 Hz—1.37 kHxfor an ac field of 10 Oe. > @nd the insetin the low temperature regiorshows the
results of the measurements f(T), x7(T), and x5 for
_ _ different frequencies in the range 137 Hz to 1.37 kHz at
perature(251 K for h,c=1 Oe, 249 K forh,=5 Oe, 247 K . ;
for h,c=10 Og¢ with the increase of ac field amplitude. Re- Hac~10 Oe. There is no freque,ncy deﬂpendencet at higher
garding the nonlinear susceptibility, the mean field theory fof€mperature£250 K) maxima inx; (T), x1(T), andys. As
SG suggests a divergent behavior, i.g,,., diverges at in the inset in Fig. 5, there is gftrong frequency dependence
T, according to the power lave, 7" 5 for n=1, where of the low temperature peak i (T) (138.6 K ftor 137 Hz,
e is the reduced temperature equal To{T;)/T;, consider- 141.4 Kfor 730 Hz, 142.9 K for 1.37 kHzand x; (146.2 K
ing the SG freezing as a cooperative phenomérfoine ~ for 137 Hz, 143 K for 730 Hz, 148.6 K for 1.37 khiz
value of y is in good agreement for canonical SG systéms. X1 Peaks shift to higher temperatures and become progres-
For RSG systems, the study of the nonlinear behavior is vergively rounded with increase of frequency whereas no sys-
important to decide whether the low temperature SG order igematic relationship is obtained for g peak. The anomaly
associated with a cooperative phase transition or not. Thin ACS at a particular temperature appears when the
analyses of susceptibility isotherms based\d(H,T) data maximum of the relaxation timer,, is of the order of
show the presence of a weak, nondivergent, anomalous pedky where w is the measuring frequency. Thig,,, varies
in T; in a number of systems NiMn, PdMn, FeZr. This hasconsiderably with temperaturer,~0.0012 atT=138.57
been attributed to a longitudinal response to transverse spif and 7,,,,~0.000 12 afT=142.9 K) as has been found in
freezing and is consistent with Mossbauer data. Moreovegther CG freezing. In the present system the shifts in
Katori and Suzuki predicted theoretically that the longitudi-peak temperature of7(T) with frequency are found to
nal susceptibility in vector spin systems should exhibit asatisfy the phenomenological Vogel-Fulcher law,
complementary nonlinear anomaly in response to transverse= roexd E,/k(T;—Tg)] for 0<Ty<T; (shown in Fig. 6
spin freezing® Similarly, for the canted spin system with E,/k=719.64,7,=10"'2 sec andT,=104.01. Here,
Ce(FepoeAl 0,092 With a well-defined PM-FM transition, a the quantity T;—T)/T;~0.25 is an order of magnitude
peak iny5 has been observed at a lower temperature with théiigher than those reported for canonical spin glagses,
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FIG. 7. The absorption part of the linear component of the ac E
susceptibility as a function of frequency for different temperatures 7 1
at 10 Oe. The solid lines are a guide to the eyes. g
for CuMn~0.07) while it is comparable to values obtained 0
for systems, described in terms of progressive freezing of
clusters, for example, ZnGgGay0,4.*° If instead of a N ' ' : : :
single relaxation time, there exists a distribution of relaxation ' Tl .
times then the variation of;] with » can be written ds Yo sl .
o 92 (3
3 2% 10 [
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o mie 9 [

D - [
where g, T) is the distribution function of relaxation times. oo 3 >
Thus the variation of¢] with o gives us information about <5,

g(7,T) at a particular temperature. In our case, in the fre- 3% o |
quency range 137 Hz—1.37 kHEig. 5), x} increases with - 7'5 12'5 17'5 22'5 27'5
frequency for all temperatures below . In Fig. 7 the varia- T(K)

tion of x7 with frequency over a wide rand&5 Hz—15 kHz
has been shown for three temperatui@®, 125, 146 K be- . ) -
low and aroundT; (=140 K), the so-called CG freezing FIG.8: The linear and nonll_near ac Susceptibility data_ measured
temperature at 10 Oe. The following conclusions can b it an ac field of 5 Ce, 137 Hzin the presence OfasuPe”mpo.sed de
. ield 40 Oe under zero field cooled and field coolé@ Oe condi-
made from this figure. Even at temperaturesT;, the tions
distribution function g(7) varies considerably with fre- '
guency compared to the slowly varying function as has been
seen for SG systems lik€EuSyS. It is difficult to get an from weak to strong irreversibility at a lower temp-
exact form ofg(7).}” There are two peaks in thg(w,T) eratureTar (<Tg7). For a number of systems like AuFe,
versus w curve, as has been expected for cluster glaséFe,Ni(;_y)i1-yyMny, NiMn the presence of an anomalous
samples (Fe,TiS,, cobalt aluminosilicate glass'’ The  double-peaked structure ip;(T), x;(T) at a temperature
maximum in theg(w,7) versusew curve corresponds to the much belowT, is considered to be reminiscent of the two
most probable distribution of relaxation time with reentrant phase boundaries associated with w&ak and
Tav= Loy, Wherewn,y is the frequency corresponding to strong irreversibility(AT) predicted by the isotropic vector
the maximum ofy](w). For the temperature range investi- spin model. There it has been found from ACS experiments,
gated in the present study,, is small (=10 °) compared to  performed under ZFC and FC conditions that the real and
the long spin relaxation times>(10 %) observed in case of imaginary componentg; ,x7 show strong irreversibility be-
spin glass freezing. Moreover, the present study suggests thaw T,7.'* In the present observation there is no such be-
the variation ofr,, with temperature is small as observed in havior; however, it is similar to that obtained in the canted
case of cluster glass freezihg. spin systen.

Figure 8 and the insefin the low temperature region In the SG systems, hysteresis phenomena have been ob-
show the field cooled behavior of the linear and nonlinearserved in the region of irreversibility below the freezing tem-
components. Here the irreversibility starts at a temperaturperatureT; both under the ZFC and FC conditioh$n the
very close toT, with the appearance of blocking of these case of LgsSry=C00;3, the irreversibility starts at a tem-
finite size clusters arising out of anisotropy. In the RSGperature close td. (Figs. 1 and 8 and in this region the
systems having a well-defined domain structure belpw  hysteresis loop opens even for a very smallfew Og field.
the Heisenberg mean field model suggests a crossovém the ZFC condition the loops are drawn for three tempera-
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guide to the eyes.

. warmed to different selected temperatuiies T, (15 K, 45
tures; 15 K(much belowTy), 125 K (aroundTy), and 225 K K. 65 K, 100 K. 135 K. 165 K, 210 K. 235 K at which the

(below T,) where the limiting value of the cycling field has field is first reduced to zero and then made to follow the

been set tar 100 G (Fig. 9). The loops within the limiting ;
value of the cycling field are quite smooth. So we can con—CyCIe 0-—100 Oe-+100 Oe-~0 Oe. In this way, the ob-

clude at least within this limiting value of the cycling field, served hzstereglsllqopllénd:frt dlfIﬁrent coohr;g I'?Lds at 1|5 K
there is no coherent reversal of magnetization of the clusteri}re as shown in ig. 10. Aler the removal of the cooling

Coherent reversal of magnetization at a sharp value of th g:g’ s\</)vme ITRM exists which |sdh|g:1er ]:;)L h|?her .CO|°|'ng At
magnetic field(showing rectangular hysteresis loppsig- I€lds. VW€ alSo See In our case a displaced nysteresis loop.

. - . ._the time of increasing the field in the negative Ifl) direc-
h I f f e :
gests cooperative behavior among a large number o Intet|on, the negative field at which thé-H curve cuts theH

acting particles® o . e e
H)?stperesis loops drawn under the FC condition show vari@Xis increases with the cooling field. This field may be called

ous types of structures in SG and RSG systems. In the SEC C,OGrC'V'ty,Q"EC as marked by the arrow in Fig. L0.e.,
systems like CuMn, displaced hysteresis loops have beeif€ field required to bring the TRM to zero. ThF% plot of the
observed in the FC initial state in contrast to the ZFC initial€00ling field Hec) versus the FC coercivityH ™) at the
state! For the RSG system AyFe;,' after cooling in a corresponding cooling field gives a straight line at a given
field (25 kO& down to 1.2 K, the field has been reduced totémperatur¢Fig. 11a)]. Moreover, except at two very high
zero and then increased in the negativeH() direction. The témperatures cI_ose M., all these straight lines intersect _the
curve obtained intersects the negative axis at a value cooling field axis at a value-0.5=0.2 Oe. We think this is
which is twice the coercive field obtained after zFC.due to the uncompensation of the Earth’s fietld((3 Og
The same kind of magnetic behavior has been observeduring the cooling process. So with the assumption that the
for AuFe alloys in the SG region. This incremental coerciv-Straight lines pass through the ide@l0) of the coordinate
ity in the field cooled case has been found to drop withSystem[which is (0, Earth’s magnetic fieldin the present
increasing temperature until it disappears at around 10 Koordinate systeirthe slope of these curves at different tem-
which corresponds to the center of the AT transitional re-Peratures gives the FC coercivity in the unit field at the cor-
gion, i.e., the region of crossover from weak to strong irre-fésponding temperatures. This assumption is quite reason-
versibility in RSG systems. The same temperature behavigible as it supports zero TRM and hence 2d{& in an ideal
has been obtained for the coercive field, obtained from exZFC condition. The slopesH/dHe estimated from these
periments under the ZFC condition in Affe;q (Ref. 20  curves[Fig. 11(a)] at various temperatures are plotted in Fig.
and (Fe;gMn,)P1BAl 3.2 For another RSG system 11(b). We get an exponential curve such that the slope is
Ni;oMn,; (Ref. 19 also the displaced hysteresis loop hasproportional to expfaT) with a=0.01. This exponential
been observed in the FC condition. There, in contrast to théemperature dependencetfC indicates that the blocking of
AuFe system, the loop is extremely reproducible even aftethese clusters decreases exponentially with increasing tem-
cycling the field isothermally between upper limits of experi- perature due to thermal activation. The present study shows
mental fields. that in the CG system, under ZFC condition, the coercivity
In our experiment, under the FC condition, we cool the(H.) does not increase rapidly as one approachesnlike
sample down to 14 K with a fiel&c8 Oe. Then the sample is RSG systems T<T;).?** On the other hand, the
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data show that the freezing of the cluster occursT at
138.6 K for 137 Hz, 10 Oe below the Curie-like temperature
~250 K. The frequency dependence stud37-1370 Hgz
shows that it satisfies the Vogel-Fulcher law wih/k =
719.64,79=10 2 T(;=104.01 K. T;—Ty)/To~0.25 is an
order of magnitude higher than those of canonical SG
(CuMn~0.07) while it is comparable to values obtained in
the case of progressing freezing of clusters. We observed two
peaks iny](w,T) versusw curve, as is expected for cluster
glass sampleéFe,TiS,, cobalt aluminosilicate glassHere,

the 7,, corresponding to the most probable distribution of
relaxation time is small£ 10 °) compared to the long spin
relaxation times $10 ) observed in case of spin glass
freezing. The variation of-,, with temperature is small as
seen in the case of CG freezing. Like SG and RSG systems,
30 F a peak occurs in the nonlinegk data around’;, for which

the physical origin is not clear. It may be noted that in the
absence of glassy behavior, a canted spin system also exhib-
its such a nonlinear anomaly. Focusing on the dc magnetiza-
tion results, the difference betwedh-c and Mz is much
higher in the cluster glass phase compared to the spin glass
phase(corresponding to LgSr;_,Co0;5; for x<0.2) at suf-
ficiently low temperatures indicating the presence of short
range ferromagnetic ordering within a cluster. Moreover, in
this case the irreversibility starts just aT, whereas in
typical RSG systems it occurs at low temperatures far below
T. and in the SG case it occurs beldw. We believe that a

80

20

(a)

ok ! ! | . . significant result is obtained in the low field cooléBC)
b 50 100 150 200 250 hysteresis measurements. There, for low cooling fields we
®) T(<) observed a linear relation between the FC coercivity )

and the cooling field i) for T<T.. The slopes

FIG. 11. (a) Plot of the cooling field Kigc) vs the field cooled dHESdHec of these linear curves at different temperatures
coercivity (HES) at the corresponding cooling field at different tem- show an exponential decrease with the increase of tempera-
peratures. The solid lines show the linear fib) Plot of  ture. This exponential dependence suggests that the blocking
dHEYdHec as a function of temperature. The solid line shows theof the clusters decreases exponentially with increasing tem-
exponential fit. perature due to thermal activation. Such types of experiments

are useful to compare SG, RSG, CG, and canted spin sys-
FC coercivity (i.e., the coercive force to bring the TRM tems from the macroscopic point of view.
to zerg shows an exponential increase with lowering of
temperature just atT<T, (250 K) rather than at
T<T; (=135 K). We believe that this is a significant ob- ACKNOWLEDGMENTS
servation in a typical CG system.
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