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Ahslract 

For models containing both reversible and irreversible magnetization processes the time-dependent irreversible suscepti- 
bility and 1he differentiated remanence curve differ from each other. To demonstrate this, both quantities were calculated for 
a non-in;ordering Stoner-Wohlfanh ensemble in dependence on the degree of alignment, the magnitude and the application 
time of an opposite field. For the differentiated remanence curve at t = 0 s an analytical expression was derived. For general 
times Ihe calculation was carried oat numerically. 

I. In t roduct ion  

Measuremenls of the magnetic viscosity, i.e. S = 
~3M/aln(t), with M being the magnetisation and t 
the time, are interesting for both scientific and practi- 
cal reasons, the latter mainly since the long-term 
behaviour of magnetic materials is a crucial point 
regarding the u'.ilization of  these materials for tech- 
nological purposes. The scientific interest is mainly 
due to the fact that one can get insight into the 
magnetic reversal mechanisms on the one hand and 
on the other hand it helps to define appropriate 
micromagnetic models. In connection with magnetic 
viscosity measurements, the irreversible part of the 
susceplibility X*rr 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 [!]. 
Whereas both S and Xirr depend on the shape of the 
specimens, S,. does not 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 volum,~ ~, 
[5,6] so that the latter can r~ estimated by measvrin~ 
S and X~. In the literature two different methods to 
measure it are reported. The first way is to differenti- 
ate the remanence curve [2]. The second way is to 
measure the difference between the total and the 
reversible change of  magnetization [3]. If both re- 
versible and irreversible 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- 
nonce curve and their time and field dependence are 
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ca[culled ~i~- use Sto~r-Wohlfanh model [4], since 
it is the simplest model cc~taining reversible and 
i ~  ersible chenges. 

The d.~l'e~ea~ bc~-ee~ X~-,- and , ~  

For the S~o~r-Wohlfarth model [4] the time-de- 
~.~dem magnetization is 

, • 

+ ( c o s ( O -  qz (h}) ( !  - p ( t .  h ) ) ) ,  
(l) 

M~ere ~ is the ang.% between the magnetic field 
d_~recfion and ~he easy axis of  a grain, ~v~ is the angle 
between the memstable magnetization direction and 
~b~e easy ~,~is..~z between the stable magnetization 
direction and eusy axis. h is the internal magnetic 
field measured in units of the anisolropy field, H A = 
2 &'~/M s. The probability, p(t, h) to find a grain in 
i~s mete_stab!e state at time t, if it was initially in that 
stale, is 

,w21  

~,(r} = 6)(trs - t z )  w,= +w_,~ 

Jr- --~'~" | Z ~ _{ ~ toe i¢.1 ) t } . .  . * 

Wi.2_ 4 -  W 2 1  

(2) 

The step function ensures that the p,.obability van- 
ishes if the magnetic field is higher t~an the switch- 
ing field h s ~- (cos2/~O+ sin2/~O) -3'2 for a given 
O. The ra~es w~2 and wzz are 

' ) 
7-~- i  " 

(3) 

~herc F 0 is typically ]0'~-10 ;z Hz [5]. The energies 
E,. E z. E~I correspond to the memstable state, the 
s~ab!e sta~e, and ~o the maximum energy state in 
~t-,~een. ( . . . )  denotes the average with respect to 
an easy-axis distribution, f(O).  Here the easy-axis 
dislri-.nution is assumed to be rotational symmetric 
~ith the axis of symmelry parallel to the fidd. 

The total susceptibility after a waiting time t is 
found by differentiation: 

a(m)a~ = @ a - ~  c ° s ( O - ' p ' ) )  

3 
+ ( ( 1 -  p) ~-t c o s ( O -  ~p2)) 

b 
+ ( c o s ( O -  q~2)-~ ( I - p ) ) .  (4} 

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 

x, .  = / ( c o s ( O -  ~',) - c o s ( O -  , p _ . ) ) ~ e ( t .  n . 

(5) 

if the opposite magnetic field is switched off alter a 
waiting time t, one gets the remanence mR(t, h). it 
can be calculated according to 

ma( t, h) = ( c o s ( O -  "~)p( to f l)) 

+ ( c o s ( O ) ( I - e ( t ,  t,))5 (6) 

The difti~renliated remanence should be called Xa- h 
is 

XR = os( O--~r)~-~lp( t, fl 

+ o s ( O ) ~ ( I  - p ( t ,  ~,)) . (7) 

Comparing Eq. (5) with Eq. (7) the difference is 
evidenl. For the diffixentiated remanence lor a wait- 
ing time t = 0 an analytical expression can be de- 
rived. The details of the calculation will be given 
elsewhere. One finds 

x .  = z E sin o,f( o,) 
i -  1,2 

(cos2"'tO, + sinZl30,)~lZ 

xcos  O~ [cos-I/~O+ sin O~ - sin -tt~O, cosO, 1" 

(8) 
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rig. I. Xa(t = O) for different values of texture paxameter, n, of 
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Fig. 2. The irrever.,;.ible su~ebtibility, Xir r ,  and the differe~iar~ed 
remancnt~, X ~ ,  for an isotropic en~mble and art ap~icadcm time 
of the opposite field of ! s. 

where the O, are calculated from 

1 V/1 V/ 4 (1-h2) "- 
c o s  0 , , = ' ~ "  _+ l 27 h 4 (9) 

The texture dependence of XR(t= 0) is shown in 
Fig. l. The difference between Ganssian-textured 
and cos-textured ensembles is negiigible if the two 
texture functions give the same remanence ratio. For 
waiting times t > 0, both XR and Xi, have to be 
calculated numerically from Eqs. (7) and (5). For 
that the parameter Etz / keT  determining the harrier 
height has to be selected. To have a remarkable 
effect during experiments lasting typically from l ' s  
to 104 s this parameter should lie between 25 and 33 
[6]. If all the energies are measured in units of  2VK l, 
with V being the volume of the grains, then the 
value 25ksT/2VK ~ should be between 0 and 0.5. 
We choose kuT/2VK] to be 0.001. This is at least a 
choice of an effective particle volume V. For Ba-fer- 
rite one gets at room temperature e.g. 22 nm diame- 
ter, SmC% 8 nm, and for the other hard magnetic 
materials in between, for the magnetite fine particle 
system used in ReL [7] ( K t = 0.44 M. l /m  ~, d = 7.8 
nm, T = I0 K) one finds a value of about 0.006. For 
the frozen cobalt (K] = 0.2 l~LJ/m J) dispersions used 
in Ref. [8] the values are between 0.003 correspond- 
ing to a particle diameter of d =  12 nm and a 
temperature of T = 80 K and 0.I58 for d = 5 nm and 
T =  300 K. Fig. 2 demonstrates tile difference be- 
tween the two quantities. In Fig. 3 X,u is shown for 

different application times of the opposite fkM, Ther~ 
is also a singularity at h = 0.5 for t = 0 which is 
transformed into a peak, shifting to lower values of  
the field with increasing t. 

3. Conclusion 

Our results demonstrate that the irreversible sus- 
ceptibility and the differentiated remarmnce c~rve 
should not be used as synonyms to prevent confu- 
sion. Regarding the determination of the fluctuatkm 
field in viscosity studies it is Xi,, instead Xt~ that 
should be measured. Nevertheless the difference is 
only important i f  reversible pr~esses 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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above the coercivity field. Otherwise, when a cone- 
bag-shaped texture function ( f ( O ) =  (2n + 2) sin2"O 
cos -5) is chosen, the relative difference increas~ 
with the fiend. For the coue-shaped tcxtmc with 
n = 5, for instance, the maximum number of grains 
has the misalignment angle O = 72.5 °. 

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