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Anomalous magnetic viscosity in the bulk-amorphous ferromagnet NghFe,;Co;0Al 1o
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Magnetic viscosity in ferromagnetic materials is the time dependence of magnetidd{ion,in a constant
field and is a result of the thermal activation of irreversible processes. On the major hysteresis loop and over
short timesM (t) can be represented by a simple logarithmic monotonic function. The anomalous magnetic
aftereffect is the nonmonotonic time dependence of the magnetization. The magnetic viscosity of bulk-
amorphous NghFe,oCo,0Al 1o has been studied on the major hysteresis loop and insight into the magnetization
processes has been gained from the determination of the magnetic viscosity pa@ntieedrationalized
irreversible magnetic susceptibiliy,, , and fluctuation fieldd . Further measurements on both the lower and
upper branches of minor loops or recoil curves, for periods extending to 30 h, were made to investigate any
anomalous behavior. On the lower branch of a recoil curve, for certain magnetic prehistories, nonmonotonic
behavior is observed, with the magnetization initially increasing, reaching a peak, before decreasing. The
Preisach model is used to interpret this nonmonotonic behavior and the relationship between the time taken for
the magnetization to reach a peak and the applied magnetic field.
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I. INTRODUCTION S(H,t)
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In a broad physical sense hysteresis can be viewed as
having its origin in a system that has a complicated freeshowing thatH; may be time dependenf. A two-step pro-
energy landscape, with many local minima corresponding te¢ess may also be used in a magnetic viscosity experiment;
metastable statésThese metastable states in a ferromagneti¢hat is, in addition to the single-step process, the magnetic
material can be associated with features such as domafield is paused aH, before being increased, moving to a
walls. Ferromagnetic materials display a time dependence gfoint H, on a recoil curve where it is held constant, and
the magnetization which is known as the magnetic viscosityM (t) measured. In the two-step experiment, depending on
or fluctuation aftereffect.Two independent physical descrip- the magnetic prehistory, nonmonotonic behavior Mft)
tions have been developed to describe it, one by Street arday be observed. There is the special case in the two-step
Woolley? where thermally activated rate processes are conmagnetic viscosity experiment, where a recoil curve is cho-
sidered, involving metastable states with a distribution ofsen, such that when the applied field is zero, Hs+=0, the
activation energies, and the other byeNésee Ref. 2 where = magnetization is zer¢see Fig. 1 This is known as dc de-
the mechanism is due to random fluctuations of spontaneousagnetization. At zero applied field, relaxation will proceed
magnetization vectors in terms of a fluctuation field. Bothand the magnetization will begin to increase as the material
predict a logarithmic time dependence for the magnetizationremagnetizes in a process known as spontaneous remagneti-
Time-dependent magnetization may also arise from a diffuzation.
sion mechanism, for example, due to the diffusion of impu- There has been success at modeling both one- and two-
rity atoms or holes in a ferromagnetic lattice, such as carbostep magnetic viscosity experiments with the Preisach
atoms ina-Fe, and displays a temperature dependence typimodel>’ in which the magnetization is the sum of contribu-
cal of diffusion processes’ tions from a collection of square-loop hysterons, each hys-

The time-dependent magnetizatiovi(t) is measured,
most commonly, on the major hysteresis loop as a single-step M
process and is shown diagrammatically in Fig. 1. Initially a — H
magnetic fieldHg is applied in the forward direction to
achieve saturation of the magnetization of the material. The
field is then reduced, reversed on moving to the second or
third quadrant, and then held constantigt Over a limited /

4
H, H,

s

range of timedM (t) can then be described by

where S is the magnetic viscosity parametdy,, a fitting
parameter, anty, a fitting parameter to establish a reference
time. S in the second and third quadrants is negative and
attains its maximum value near the intrinsic coercivity. The FIG. 1. Field history for a one-step magnetic viscosity experi-
ratio of S/ ;. , wherey;,, is the irreversible magnetic sus- ment,H, lying on the main loop, and a two-step magnetic viscosity
ceptibility, is defined as the fluctuation field; or in the  experimentH, lying on a minor loop(the special case leading to
more general form zero magnetization in zero field
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teron being able to exist in one of two states, i.e., bistable. 150 —— r T T
The switching of hysterons between states, over an energy

. . : . h 100 f
barrier, can be driven by the action of an applied magnetic
field, as with magnetic hysteresis, or by thermal activation at 50} ~
a constant applied fieldthe latter a Preisach-Arrhenius =
approach). A prediction of the Preisach-Arrhenius approach % 0
is the nonmonotonic behavior of the magnetic viscosity on 50}
recoil curves, withM (t) first drifting in a positive direction, J
reaching a peak, before drifting in a negative direction. For -100F
the special case of dc demagnetizatidt, £0), M(t), de- . . . . .
pending on the material, may drift upwards for days or -1500 -1000 -500 0 500 1000 1500
months, before relaxing to zero with a time scale that may be H,,, (kKA/m)
years.

Recently, it has been reported that bulk-amorphous harg /G- 2- Major hysteresis loop for Ng=e;C0,0Al 1, a represen-
tative minor loop, and the recoil curve that leads to the dc demag-

magnets can be obtained in the multicomponent alloy SYS:atized state
tems Nd-Fe-Al(Ref. 9 and Nd-Fe-Co-Al(Ref. 10. Wang '
et al!* have observed nonmonotonic behavior of the mag- . .
netic viscosity on the lower branch of minor hysteresis Ioopé"‘nd the recpll curve that leads tq the dc demagnetlzed St"’?te’
in NdgoFesoAl 0. These materials appear to be ideal system?re shown in F|g._2. Th_e behaw_or of the major hysteresis
in which to study magnetic viscosity, in particular the non- oop was fur_ther investigated with loops measured for a
monotonic behavior oM (t), as their magnetic properties number of different sweep rate}bl-_|app_/dt, and these are
permit observation of what is a small effect. Though theyShqv‘{n’ focr the secc_)nd quadrant, in Fig. 3. The intrinsic co-
have an intrinsic coercivity of order 300 kA/m, they are un-rcivity Hi', determined whed=0 (as the loop crosses the
likely to find widespread use in hard magnetic applications/1€ld ?)1('9’ ranges from 325 kA/m for a sweep rate of 26 500
due to their low remanence when compared to existing comtA M 1) sec to 269.4 kA/m for a sweep rate of 119.4
mercially available hard magnets. We have prepared bulkéAm™ ) sec *. Over the range of sweep rates measukéd,
amorphous NghFe,Coy0Al;, and performed magnetization S Proportional to the logarithm of the sweep rate, where
measurements on the major hysteresis loop, and determinétf =290.68+ 10.2 In@H,,p/dt) (kA/m), wheredH,p,/dt is

S xir» andH;. Further measurements have been made off units of (kAm™ ) sec*, with a regression coefficient of
recoil curves(both lower and upper branchesnd the spe- 0.99961. This is in common with studies on nanocrystalline
cial case of the recoil curve that leads to the dc demagnetizegpft magnetic materiald where it has been found that the
state, to investigate nonmonotonic behavior. A Preisachcoercivity follows the expression

Arrhenius approach is used to interpret the observed non-

monotonic behavior of the magnetic viscosity, with emphasis Hf~H; In(dH/dt), (3

on exploring the relationship between the time taken for the

magnetization to reach a peak aHd. whereH; is an “equivalent” fluctuation field, and has, for
the data shown in Fig. 3, a value of 10.2 kA/m. The strong
Il. EXPERIMENT dependence dfi{ on sweep rate indicates a significant time-
o dependent magnetization. The demagnetization remanence
A cylindrical sample of NghFe,(Coi0Alo was prepared 3. was measured and tiieationalized irreversible suscep-

by argon-arc melting and suction casting into a split coppetipjlity «,,, calculated bydJd;,, /dH,, (see Fig. 4
mould, with a 2 mmdiameter. X-ray powder diffraction stud-

ies of the sample showed it to be essentially amorphous, with 100
only a trace €1%) of crystallinity, which appears to be
nonferromagnetidpeaks could not be indexed to the con- 80T
stituent elements or most probable intermetallics, e.g., 80}
NdFe). There is no wasting or step in the hysteresis loop sl
(see Fig. 2, which would indicate the presence of a soft =
magnetic phase. The density of the B, C00Al0 £ 20}
sample, measured by displacement, is 6.9 g/chagnetic 2
measurements were performed at room temperature (21 °C) 20l //j‘ ]
in applied magnetic fieldsH,p,) up to 1.5 MA/m, using a
Lake Shore Vibrating Sample Magnetometer mounted on an -40 p .
N -400 -300 -200 -100 0
electromagnet. All magnetic field measurements are reported H  (kA/m)

int

in terms of the internal magnetic field;,;, calculated using

a sample demagnetizing factor of 0.12, and magnetization FiG. 3. Behavior of the major hysteresis loop in the second

measurements as the magnetic polarizatiynwhere J quadrant for sweep rates dll) 26 500 (A m ) sec !, (@) 2650

=uoM. (Am Hsec?, (V) 265 (AmY)sec!, and (A) 119.4
The major hysteresis loop, a representative minor loogAm~1) sec™.
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FIG. 5. Experimental results for one-step processes on the main
loop showing the decay of magnetic polarizatibas a function of
the logarithm of timet for fixed values of applied magnetic field of
(®) —235.6 kA/m, (W) —239.6 KA/m, (A) —247.6 kKA/m, @)

Magnetic viscosity measurements were performed forﬁZSS'7 kA/m, and W) —259.8 ka/m.

both one- and two-step processes, over time intervals up t{) Th b ed
24 h. The following magnetic field histories were used for Ime. e sequence can € summarizedis
the measurements =15 MA/m=H,=—271.5 kA/m, 6-10 sec pauseH,,,
(1) For one-step processes on the main loop, the sampl?0 KA/m, 6-10 sec pause>H,, measureM(t).

was first saturated in a positive applied figity of 1.5

MA/m. The applied field was then ramped at a rate of 795.8 IIl. RESULTS

main loop in the second or third quadrairt,(in Fig. 1) and , i ,
held constant while the magnetization was measured as a EXPerimental results for the decay of magnetic polariza-

function of time. The sequence can be summarizég: tion for a one-step process on the main hysteresis loop for a
=1.5 MA/m=H,, measureM (t). number of fields are shown in Fig. 5. The method of Street

(2) For two-step processes the main focus of interest Waénd Brown’; based on the equation
the recoil line that leads to the dc demagnetized state. As KT
with the one-step process, the sample was first saturated in a AH= ———
positive applied fieldHg of 1.5 MA/m. The applied field was JEIIH
then ramped at a rate of 795.8 (kA min~*in a negative s used to derivéH;. In essence, lines at fixed values bf
direction to the turning point on the main loogd;  values ranging from-40 mT to 50 mT in increments of 10
=—290.7 kA/m, and paused for 6-10 sec. The field wasnT, are drawn in Fig. 5. The intersection of these lines with
then ramped at the same rate as before in a positive directiahe successive curves of the time decayloach at a con-
to a pointH, on the recoil ling(including the special case of stant field, determinesH and In€), which are plotted in Fig.
H,=0 andJ=0) and held constant while the magnetization6. The gradient of these lines, as is seen from (B}.gives
was measured as a function of time. The sequence can g . The values oH; obtained range from 6.5 kA/m to 7.6
summarized: Hg=1.5 MA/m=H;=—290.7 kA/m, 6-10 KkA/m, with nine out of the ten values between 7.1 kA/m and
sec pause=H,, measureM (t). 7.6 KA/m. Excluding the value of 6.5 kA/m, the average of

(3) Two-step processes were also investigated on the

lower branch of the minor loop in the second quadrant 235 d
shown in Fig. 2. The procedure was identical to that used for
two-step processes on the recoil curve that leads to the dc -240 .
demagnetized state, with the exception that the turning point 245 ]
H, was —271.5 kA/m. The sequence can be summarized:
Hs=15 MA/m=H,;=—-271.5 kA/m, 6-10 sec pause «-250 .
I

=H,, measureM(t).

(4) The upper branch of the minor loop in the second -255 )
guadrant was investigated with a more complicated field his- 260 | .

tory of three steps. The procedure was identical to that used 4;, é 1-0
)

FIG. 4. Demagnetization remanendg, as a function ofH;,
and inset thdrationalized irreversible susceptibility;,, as a func-
tion of Hj; .

In(t)=H; In(t), (4)

(KA/m)

on the lower branch, with the addition that the field was
ramped in a positive direction from the turning point of
—271.5 kA/m to 0 kA/m and paused for 610 sec. The field FIG. 6. H, and Inf) determined from the intersections of lines
was then ramped in a negative direction along the uppesf constantd, from the experimental curves in Fig. &ines from
branch of the minor loop to a particular point and held con-left to right correspond to values dfof 50 mT, 40 mT, 30 mT, 20
stant while the magnetization was measured as a function @hiT, 10 mT, 0 mT,—10 mT, —20 mT, —30 mT, and—40 mT)

5
In(t) (secs
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the other nine values gives a value fal; of 7.5 kA/m,  over which magnetic moments are correlated, forming an
which is close to the value of 9.6-10.3 kA/m reported forentity that is the basic unit for any thermally activated pro-
bulk amorphous NgiFe;Al .1t The value forH; of 7.5  cesses.
kA/m is also consistent with the value of 10.2 kA/m obtained
earlier from the approximate expression used to describe the
time-dependent behavior of the coercivity.

An activation volumer can be determined frofd ; using

B. Magnetic viscosity on the recoil curve that leads to the dc
demagnetized state

the relationship Experimental results for a two-step process on the recoil
curve, which leads to the dc demagnetized state, are shown
kT in Fig. 7. At the turning pointH,=—290.7 kA/m, on the
Hf:m' ) main loop the magnetization is seen to decrease monotoni-

cally with time. On moving along the recoil curve—that is,

wherek is the Boltzmann constant, the temperature, and moving in a positive field direction as the applied fiefg
M the saturation magnetizatiérSubstituting into Eq(5) becomes less negative—the magnetization is seen to increase
values forT of 294 K andM of 111 kA/m (111 G yields an initially, reaching a peak, before decreasing; that is, non-
activation volume of 410 8 cm®, smaller than the value monotonic behavior is observed. The time to reach the peak,
of 15—-20< 10 '8 cnm?® reported for NggFeyAlio.2t Collo-  t..y, is dependent o, and varies from a few tens of
cott and Dunlop® in a study of commercial rare-earth mag- seconds at-184.2 kA/m to~12.5 h at—96 kA/m.
net materials report a value for the activation volume in sin-
tered NgFe B (Vacodym 400HR of 2.6x10 8 cn?, in o
HDDR Nd,Fe B powder (Magnequench MQA-T of 6.22 C. Magnetic wscosnt)_/ on the Iowe_r and upper branches of a
% 108 cm?, and in sintered SpCo;; (Vacomax 225HRof minor hysteresis loop
0.69x 10 8 cn. Experimental results for a two-step process leading to the

The concept of the activation volume has been developetbwer branch of a minor hysteresis loop, in the second quad-
in the context of granular crystalline materials and can beant, are shown in Fig. 8. The turning poitd; is
viewed as the actual particle volume of a domain involved in—271.5 kA/m. The behavior of magnetization is essentially
the thermal activation proce3his link to a microstructural  identical to that observed for the recoil line leading to the dc
feature is less applicable to bulk amorphous materials wherdemagnetized state. The nonmonotonic character of the mag-
there is no long-range crystalline or granular order. A featurenetization as a function of time is seen clearly, and as the
of amorphous materials is a small activation volume; forapplied field is moved in a positive direction, the time to
example, values of 10~ 18 cnm?® are reported in TbFeCo thin reach a magnetization peak increases. Again in a nominally
films,* similar in magnitude to the value reported here forzero field the sample remagnetizes spontaneously, with a
NdsoFe0C010Al 1. A related observation has been made formonotonic increase in the magnetization.
CrO, powders used in recording media, where the activation The situation for a three-step process, which leads to the
volume is much smaller than the actual particle Sigear-  upper branch of the minor hysteresis loop, is somewhat dif-
ticle size of order 4 10 ® cm® compared with the activa- ferent. Experimental results are shown in Fig. 9, and note
tion volume of 1.5 10 %" cm®).’® This suggests that the that the data for the various applied fields have been plotted
activation volume is only weakly correlated to grain or par-with the same span id, to highlight features. In addition to
ticle size® It may be better to view the activation volume in the first turning point at-271.5 kA/m, there is now a sec-
an amorphous material as being a characteristic dimensioond turning point at 0 kA/m, from which the field is moved
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in a negative direction and made progressively more negaFhe key to the Preisach model is the concept that the mate-
tive. At the two extreme points of the upper branch of therial can be represented by a collection of hysterons. The
recoil curve—that is, at or near zero field and a point on themagnetization of each hysteron is normalized being either
main loop—the magnetization as a function of time behaves\- 1 or — 1, depending on the value of an applied switching
as expected and is consistent with the observations made @Ragnetic field. The magnetization is the sum of the contri-
the lower branch of the minor hysteresis loop and the recoihytions from the hysterons, the Preisach function is the den-
curve leading to the dc demagnetized state. Namely, at zeigy function of hysterons, and the up-switching field and the
field there is a monotonic increase in magnetization, as thgown switching fields are the coordinates that define the
material spontaneously remagnetizes, and a monotonic degsgjsach plane. It is not our intention to discuss in detail the
crease in the magnetization on the main _Ioop. Along the UPpreisach model as this can be found elsewhere, notably the
per branch, as the field is made progressively more negativ onographs of Bertottiand Della Torrd. Of most interest

Phoecrlr?:rr?;ikalt?osnegg(lnlé?tzén\?grgitslzﬁtéog r:rtir;ﬁrrntlg? t?rlj?ge Bere is application of the Preisach approach to gain insight
9 ® 9 into the relationship between the time taken to reach the peak

is seen to become less positive, at a field-0f9.1 kA/m be . tizati dH.. Th tonic behavi
close to zero, as the magnetization remains constant, befo magnetiza 'O_ntm.ax’ andrz. The nonmonotonic benavior
of the magnetization from a two-step process can be de-

becoming negative, and then increasingly negative. ; ; i oo
scribed with reference to the Preisach plane, shown in Fig.
10. As the field is decreased from saturatibiy, in a nega-
tive direction toH,, and then reversed, increasing in a posi-
Nonmonotonic behavior, resulting from a two-step pro-tive direction fromH; to H, where it is held constant, the
cess, can be interpreted in the context of the Preisach modeélvo portions of the state lines, indicated by arrows, relax to

IV. DISCUSSION
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H and for region B, the relaxation ratgs and the distance
- traversed by the state linbg, by
Area B AH
+ TB= To eX% H_f) , (8)
H2 -
t AH
hB C |n C T (9)
o Hy
Area A whereC is a constant andH=(H,— H,).
H The contribution to the magnetization arising from relax-
! ation in region B will of the form

FIG. 10. The Preisach description of relaxation following a two-
step field process. AMp=Cghg, (10

whereCg is a constant. The time-dependent component of

give opposite contributions to the magnetization. The signifiA'VI B IS
cant feature is that the relaxing hysterons that contribute to _
the magnetization in a positive manner and those hysterons AMg(t)=CgCIn(t). (1)
which contribute to the magnetization in a negative manneFor region A, it is first necessary to evaluate the crosshatched
have completely different time constants. This is the sourcarea, which equals

of the nonmonotonic behavior of the magnetization. The
magnetization first increases, as the hysterons that make up
region A in Fig. 10 relax, then decreases as these hysterons
are exhausted, and the relaxing hysterons in region B are the
only ones contributing to the change in magnetization.

The Preisach description of the two-step process in Fig. CAC
10 forms the basis of a simple geometrical approach, based M ,(t)= —[2AH In(t)—C(In(t))?+ 2CIn(t) In(7g)],
on the relative contributions to the changing magnetization
from regions A and B, to explore the relationship between (13
tmax@ndH,. The approach is to derive an expression for thewhereC, is a constant. The maximufpeak in the magne-
changing magnetization in region AM,, and likewise for tization will occur at a time,,,x, where
the changing magnetization in region BM,, which con-
tain time-dependent terms. For both regions A and B the d[AMa(t)—AMg(t)] CAC

1 2 2 1 2
ZLAH)?—(AH-hy?1= Z(2nAH-h}) (12

nd the time-dependent termsAM 4,

[2AH—2C In(tyay)

change in magnetization is proportional to the area swept out ot  Atax

by the state lines, but the constant of proportionality will be

different for regions A and B, as the density of hysterons +2CIn(7g)]— CgC

(i.e., the Preisach distributiprable to participate in the re- 0 tmax

laxation process falls on approaching the positive saturation

field Hg. Thence the difference betwe&M, and AM, is =0 (14)

determined AM,—AM,) and differentiated with respect to and therefore
time and equated to zero to determine the behavid,gf.
It is assumed that the state lines move at two different con- CAlAH=CIn(ta) +CIn(7p)]—4CgC=0, (15
stant logarithmic rates and in each case traverse equal num-
bers of hysterons per unit distance. Under such circumy’
stances the magnetization would display a simple
logarithmic time dependence in a single-step experiment. IN(tya) % Hoy. (16)
This is the case for our sample in the region of interest, as the
magnetization data shown in Fig. 5 display this characterisFor different minor loopsCg will change, and therefore
tic. From the discussion in Bertott{see pp. 500—503for plots of Int,,.,) versusH, will have the same slope but dif-
region A, the relaxation rate, and the distance traversed by ferent intercepts.
the state lineh,, are given by(for t> 74, with 7 viewed as This simple geometric approach predicts the functional
a time interval over which the system updates its $tate  relationship between the time at which the peak in the mag-
netization occurs andl,. The data fot,,,, andH, are plot-
ted in Fig. 11 for both the recoil line leading to the dc de-
TA= 70, (6) magnetized stateH;=—290.7 kA/m, and for the lower
branch of the minor hysteresis lood,=—271.5 kA/m. It
i is seen that the approach adopted is general to both sets of
ha=C In( ) (7) ~ data and provides a reasonable approximation for the func-
To tional relationship betweet,,,, and H,. Both the curves

which, after simplifying and ignoring the terms that are con-
stant along a particular minor loop, gives
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seen to be still increasing after 24 h, and it would be neces-
sary to wait of the order of 1 year before a peak is observed

10000 ¢ followed by a subsequent decrease in the magnetization.
- (This is a somewhat impractical experimenthe effect of
§ 1000 b H,, as it becomes more negative, is to give valuesgothat
e enable observation of nonmonotonic behavior over readily
£ 100l accessible experimental time scalkk. is a property of the

material, but for materials that have a small value, such as
hard magnets, e.g., AlnicoH;~80 A/m, and NdFeB? H;
0l— L L L L . ~1 kA/m, the term AH/H;) gets larger more quickly, as
-200 -180 -1 go (-kr/fr?q)-mo -100 -80 doesrg, making observation of nonmonotonic behavior dif-
2 ficult, as the range of field valudd, is limited and time
FIG. 11. The timet,,,, at which the peak in the magnetization SC@les are increasingly short. In the limit Hs gets very
occurs as a function df,. The upper curve is for data on the recoil Small, the difference Hi,—H;) must also become small if
line leading to the dc demagnetized statig= —290.7 kA/m, and NOnNMonotonic behavior is to be observed, but a point may be
the lower curve for data on the lower branch of the minor hysteresiseached where experimentally it is impractical due to limita-
loop with H;=—271.5 KA/m. tions on magnet sweep rates and the inability to make field

o ) changes in small increments. It is desirable to have a material
plotted in Fig. 11 have the same slope but there is a smaljth H,~8 kA/m, as is the case in bulk-amorphous ferro-

offset in they intercept, aLCg is different for data obtained magnets, making these materials ideal for studying non-

for different minor loops. o _ monotonic behavior. For the experimental conditions used in
Nonmonotonic behavior of the magnetization is a univer-nis work (AH/H;) has to be in the range-14—25, for

sal feature of a two-step process in ferromagnetic material$)pservation of nonmonotonic behavior.
its observation being dependent on key material properties
and experimental conditions. The effect may occur over very
short time scales or very long time scales, even years, or
there may be very small changes in the magnetization mak-
ing its experimental observation impractical. The key to the Nonmonotonic behavior in the magnetization has been
observation of the effect in the Preisach description is thebserved in the bulk-amorphous  ferromagnet
relaxation rate for area B, given by E@), and in particular  NdggFe,;C0o,0Al1o. The Preisach model has been used to in-
the behavior, and sensitivity, of this function with respect toterpret this nonmonotonic behavior and shows|pfe<H,. It

the values oH,; andH;. With reference to the data for the is argued that nonmonotonic behavior is a universal feature
recoil line leading to the demagnetized state,;= of a two-step process in ferromagnetic materials, its observa-
—290 kA/m, H¢=7.5 kA/m, and7,~10 '° sec(based on tion being dependent on key material properties and experi-
the estimates given in Refs. 1 and) 16 can be seen thatz mental conditions. The time scale of the evolution of the
varies from 1.6X 10 * sec forH,=—183.7 kA/mto 18 sec peak in the magnetization may make its experimental obser-
for H,=—96 kA/m. For the latter, nonmonotonic behavior vation impractical. In general a material with a fluctuation
is observable over a time scale of 28 h. For the special cadeeld of order 8 kA/m is desirable if nonmonotonic behavior
of H,=0 kA/m, 75=6.8x10° sec and the magnetization is is to be observed with ease.

V. CONCLUSION
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