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Abstract

For medels containing both reversible and irreversible mapnetization processes the lime-dependent irreversible suscepti-
hility and the differentiated remanence curve differ from each other. To demonstrate this, both quantities were calculated for
a non-interacting Stoner—Wohifarth ensemble in dependence on the degree of alignment, the magnitude and the application
time of an opposite field, For the differentiated remanenze curve at ¢ = 0 s an analytical expression was derived. For general

times the calculation was carried out numericaiiy.

1. Introduction

Measurementis of the magnetic viscosity, i.e. §=
aM /dln(1), with M being the magnetisation and ¢
the lime, are interesting for both scientific and practi-
cal reasons, the latter mainly since the long-term
henaviour of magnetic materials is a crucial point
regarding the utilization of these materials for tech-
nolegical purposes. The scientific interest is mainly
duc to the fact that one can gei insight into the
magnetic reversal mechanisms on the one hand and
on lhe other hand it helps to define appropriate
micromagnetic models. In connection with magnetic
viscosity mcasurements, the irreversible part of the
susceplibility y,, attracted much attention, since it
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has to be measured if the so-called fluctuation field,
S, should be determined from the ratio of the mag-
netic viscosity over the irreversible susceptibility [1].
Whereas both S and x;, depend on the shape of the
specimens, §,. does nol and is therefore a characteris-
tic of the material. Adopting the activation volume
approach to the magnetic viscosity, it can be shown
that S, is directly related to the activation volums o
[5,6] so that the latter can Le estimated by measv ring
S and ;.. In the literature two different methods to
measure it are reported. The first way is to differenti-
ate lhe remanence curve [2]. The second way is to
measure the difference between the total and the
reversible change of magnetization [3]. If bath re-
versible and imeversible processes are involved in
magnetization changes the two methods measure dif-
ferent quantities. It is the aim of this paper to make
this point more explicit. Therefore both the irre-
versible susceptibility and the differentiated rema-
nence curve and their time and ficld dependence are
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colculoted for the Sioaer—Wehlfarth model [4), since
it is the simplest mode! containing reversible and
grroversible chenges.

2. The difference between x ., and Xp

For the Stoner- Wohlfarth model [4] the time-de-
pendent magnetization is
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where & is the angle between the magnetic field
dircction and the easy axis of a grain, ¢, is the angle
between the metastable magnetization direction and
the easy @xis. ¢» between the stable magnetization
direction and easy axis, # is the internal magnetic
field measured in uaits of the anisotropy field, H, =
2K, /M. The probability, p{r, k) to find 2 grain in
its mctasiable state ai time 7, if it was mitially in that
stafe. s
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The step function ensures that the probability van-
ishes if the magnetic field is higher than the switch-

ing field fig = {cos™ ' +sin®/ )72 for a given
#. The rates wy, and w,, are
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where T ts iypicaily 16°—10°° Hz [5] The energies
E,. E.. E,, vomrespond 1o the meiasiable state, the
stable state. and to the maximum energy siatc in
between. {...) denotes the average with respect to
an easy-axis distribwiion, fi3). Here the easy-axis
disimibution is assumed to be rotational symmetric
with the axis of symmetry paralie] to the field.

The total susceptibility after a waiting time ¢ is
found by differentiation:
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The first two terms of the RHS of Eq. (4) are the
change in magnetization due to the reversible rota-
tion process. Therefore the remaining two terms
constitute the irreversible susceptibility
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If the opposite magnetic field is switched oft after a
waiting time 1, one gets the remanence mg(r, ). It
can be calculated according to

mg(t, b) = (cos{ 9 — =} p(1, 4))

+ {eos{3)(1 —p(z, B)N (6)
The differentiated remanence should be called y,. It
is

0
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Comparing Eq. (3} with Eq. (7) the difference is
evident. For the differentiated remanence for a wait-
ing time ¢t =0 an analytical expression can be de-
rived. The details of the calculation wifl be given
eisewhere. One finds

xe=2 X sin 9,f(8)
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Fig. 1. xu(7 = Q) for different vatues of texture pammeter, n, of
the cosine texture, D) =(2u+ 1) cos?"9. The doned cunve is
for a Gaussian terture f(#)=exp—{9/0) with ¢ =0.4203
which gives the same alignment {cos &) as n=5.

where the 3, are calculated from

1
cos B, ,= 7 l/l +

The texture dependence of x,(r =10} is shown in
Fig. I. The difference between Gaussian-textured
and cos-textured ensembles is negiigible if the two
texture functions give the same remanence ratic. For
waiting times > 0, both xp and x;, have to be
calcutated numerically from Eqs. (7) and (5). For
that the parameter £, /kgT determining the barrier
height has to0 be selected. To have a remarkable
effect during experiments lasting typically from 1-s
to 10% s this parameter should lie between 25 and 33
[6]. It all the energies are measured in units of 2VK,,
with V being the volume of the grains, then the
value 25k, T/2VK, should be between O and 0.5.
We choose kg7 /2VK | to be 0.001. This is at least a
choice of an effective particle velume V. For Ba-fer-
rite one gets at room temperature €.g. 22 nm diame-
ter, SmCo; 8 nm, and for the other hard magnetic
maierials in between, for the magnetite fine particle
system used in Ref. [7] (K, =044 MI/m*, =78
nm, T = 10 K) one finds a value of about 0.006. For
the frozen cobalt { K, = 0.2 MJ/m’) dispersions used
in Ref. [81 the values are between 0.003 comespond-
ing to a particle diameter of d=12 sm and a
temperature of T= 80 K and 0.158 for d = 5 nm and
T=1300 K. Fig. 2 demonsirates tie difference be-
tween the two quantities. In Fig. 3 y,, is shown for
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Fig. 2. The imeversible suscebtibility, y,,. and the differentiated
remanence, . for an isotropic ensemble and an application time
of the opposite field of I s.

different application times of the opposite fiekl, There
is also a singularity at =105 for r =0 which is
transformed into a peak, shifting to lower values of
the field with increasing 1.

3. Conclusion

Our resslis demonstrate that the irreversibie sus-
ceptibility and the differentiated remanence curve
should net be used as synonyms to prevent confu-
sion. Regarding the determination of the fluctuation
field in viscosity sticlies it is y,, instead y, that
should be measured. Nevertheless the difference is
only important if reversible processes are not negli-
gible. That is in fact the case for the Stoner—Wohi-
farth ensembles as can be seen from Fig. 4, where
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Fig. 3. x;, for different times of application of the opposite fickd.
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n=0

Fiz. 4. The absolete difference. xg — X a0d the relative differ-
ence § xy — Xwd/ Xu- 07 20 isotropic (n=0). a weil textured
{a =3} asd a cope-textured (=5 cone-textured) ensemble for
2m application tme of the oppesite field of <.

the absolute and tie relative differences between g
and x,, are depicted For the isotropic ensemble the
effect is about 20% in the vicinity of the coercivity
ficld. While the absoline value of the differ=nce
decrenses rapidly for fields above H, /2 the rclative
value increases. The reversible change of the mag-
metisation becomes larger with increasing angle be-
tween the field direction and the easy axis. Therefore
for a well textured ensemble (n=75) the reative
difference decreases to some per cent for rields

above the coercivity field. Otherwise, when a cone-
bag-shaped texture function (f?)=(2n + 2) sin>"d
cos 3) is chosen, the selative difference increases
with the field. For the core-shaped texture with
n =73, for instance, the maximum number of grains
has the misalignment angle 3= 72.5°.

In usual magnetometers the charactistic measuring
time is much to long for the singularity at ¢ =0 but
also the sharp peak at finite times will be smeared
omt if broad distributions of other intrinsic parame-
ters have to be taken into account. Especially a
distribution of the parameter K,V may be more
important than the easy-axis distribution [8].
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