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Abstract --- Rotational hysteresis energy loss measurements have been performed to support the analysis of the 
magnetization processes of Fe- and Co-alumite perpendicular recording media. Two measurement techniques gave 
comparable results within error limits. The rotational hysteresis integral is severely lowered by the demagnetizing field. 
Normalizing the integral with the remanent magnetization instead of the saturation magnetization gives for Fe-alumite 
values indicating the curling mode, which was also proved by other measurement techniques. 
The half width value ~(1/H)50 is introduced in the rotational loss graph. This value is an estimate for the dispersion of 
anisotropy axes and in our case it is proportional to the diameter of the Fe-needles. 
The in-plane loss is very Iow for the Fe-alumite samples, whereas it is high for the Co-alumite. In the well aligned Fe-
alumite, rotation around the easy-axis does not give rise to an energy loss because no anisotropy is present in the rotation 
plane to cause irreversible magnetization jumps. The crystal anisotropy of fcc-Fe is small compared to the shape 
anisotropy of the particles. The high in-plane loss measured for Co-alumite is thought to originate from the dispersion of 
hcp-axes in the Co-needles. 

1 INTRODUCTION 

In the ever lasting search for higher information storage 
density the perpendicular magnetic recording has aroused 
great interest due to the high possible bit densities that are 
predicted. A number of properties make sputtered and 
evaporated Co-Cr thin films very suitable candidates for 
perpendicular recording [1]. Despite of the great amount 
of research work on this subject, the magnetization 
processes in Co-Cr films are not completely known. The 
contemporary presence of magneto-crystalline and shape 
anisotropy, the exchange and dipole interactions among 
the columns, the demagnetizing field and the often 
imperfect structure of the films are all factors which make 
it difficult to correlate between macroscopic and 
microscopic properties. Therefore a material with a less 
complicated behaviour can be chosen to study recording 
and reversal processes. Results of this material then can 
be used for better understanding of Co-Cr thin films. 
Alumite is such a (model) material for studying 
perpendicular magnetization processes as it has the 
properties of a continuous thin film medium while it 
consists of well defined single domain particles. It 
consists of an aluminum oxide layer with perpendicular 
pores in a regular hexagonal pattern. These pores are 
filled with a ferromagnetic material (Fe,Co,Ni) by 
electrodeposition. Pore size, cell size, and needle length 
(the "layer thickness") are controlled by the production 
process [2]. 
Angle dependent coercivity and angular dependence of 

the (VSM) hysteresis loss [3], angle dependent nucleation 
field [4], Switching field distributions, time dependent 
measurements and rotational hysteresis torque 
measurements [5] are well known macroscopic tools to 
study reversal behaviour. 
The rotational hysteresis energy loss gives information 
about the reversal mode and thus recording behaviour [6] 
and is also related to recording noise [7]. 
For Fe-alumite it was found that the magnetization 
reversal mechanism is curling when the applied field lies 
along the film normal, mainly on the basis of the 
dependence of the coercive field on the particle diameter 
[3,8]. When the field is applied under an angle, magnetic 
poles are formed. The interaction of these poles might 
violate the validity of the curling model. It is believed 
that in real recording processes also fields varying in 
direction and magnitude will occur. 
In this work the magnetization processes in iron and 
cobalt alumite films are stUdied, with particular attention 
devoted to the results obtained with the rotational 
hysteresis measurements. 

1.1 Rotational hysteresis models 
The rotational hysteresis loss Wc is defined as the work 
required to rotate a sample in an applied magnetic field 
over 360°, and is: 

2:n: 

(1) 
o 

Here L is the torque (normalized by sample volume) and 
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e the angle between anisotropy axis of the sample and the 
applied field. 
The rotational hysteresis integral Rh (dimensionless) is 
defined (in SI units) as: 

ro 

Rh= --d(-) J 
Wr 1 
~oMs H 

(2) 

o 
where ~ is 431:*10-7 N/A2, Ms the saturation 
magnetization of the sample (Nm) and H the applied 
field (Nm). 
Wr and Rh give infonnation about the magnetization 
reversal mode of the particles. Several authors modeled 
the rotational hysteresis loss resulting from different 
reversal modes, such as domain wall motion [9], coherent 
rotation [10], curling [11] and fanning (chain of spheres 
model) [12]. Sheet demagnetization for perpendicular 
oriented films is incorporated in a domain wall motion 
and a coherent rotation model [13,14,15]. 

The loss observed by measurement generally occurs at 
fields of intennediate strength. At low fields the 
magnetization makes only small reversible excursions 
around the magnetization axis, with no energy loss. At 
fields above the particle anisotropy field Hk , the 
magnetization rotation follows the field. All magnetic 
moments rotate parallel to the applied field without 
irreversible variations and again there is no loss. (This is 
irrespective of the magnetization mechanism involved). 
At intennediate fields the magnetization initially follows 
the field in a reversible way and then jumps irreversibly 
to the other direction, being again between easy axis and 
field direction. It is this irreversible jump, which for 
example can be observed in the torque curves for a single 
Stoner-W ohlfahrt particle, that gives rise to the energy 
loss. 
When more particles with interaction by the 
demagnetizing field are present the internal field deviates 
strongly from the external field. At the slopes of the 
perpendicular hysteresis loop (tilting=l) the internal field 
stays constant at + Hc' When the external field changes, 
only that amount of particles switches that is needed to 
restore the internal field at + Hc' Therefore not all particles 
reverse at the same time and a single jump is not easy to 
observe for most magnetic thin film media. The same 
happens when there is a distribution of anisotropy fields 
of the particles, as is common in magnetic media. 
Several factors have to be taken into account in order to 
perfonn a correct evaluation of the rotational hysteresis 
parameters and to draw any conclusion about the reversal 
mode. 
At first there is an overlap in the values possible for the 
Rh -integral for several switching models. For example the 
curling mode gives Rh values from 0.4 (the coherent 

rotation value) to 4 (expected for domain wall motion) 
depending on the particle diameter, while the fanning 
mode predicts Rh = 1 (random samples) and 1.5 (aligned 
samples) [16]. In the calculation of these values the sheet 
demagnetization was not taken into account. 
The second problem is the sheet demagnetization. Sheet 
demagnetization of a layer with perpendicular anisotropy 
generally decreases the Rh' Sheet demagnetization shears 
the M-H loop of the sample. At intennediate fields where 
the rotational hysteresis occurs the film is not saturated. 
Wuori and Judy [13-15] propose a calculation of the 
influence of sheet demagnetization on rotational 
hysteresis loss. Predictions were made for the Rh 
dependence in the domain-wall and the SW -case. The 
component of the applied field perpendicular to the 
sample was used to calculate at which point in a 
perpendicular M-H (minor) loop the sample is when 
rotating the applied field through 360°. This gives 
magnetization as function of applied field M(H) and 
makes it possible to calculate the loss by substituting 
M(H) in the torque resulting from the magnetostatic 
energy (3): 

L = ~HM(H)sine (3) 

where e is the angle between H and M(H). Fonnula (3) is 
substituted in (1) and from that, by definition fonnula (2) 
gives Rh' 
In their work they show that decrease of Rh due to sheet 
demagnetization can be calculated as function of the ratio 
M/Hc' Therefore a film with Rh = 1 could still have 
domain wall movement and a Rh well below 0.4 is 
possible for a particulate film. For curling the 
incorporation of sheet demagnetization in a Rh model was 
not found in literature. 
In our case for most of the samples curling behaviour is 
expected. In the curling case the essential assumption for 
doing the calculations in the way described above, which 
is neglecting the in-plane component of the field and 
magnetization, is questionable. As was already pointed 
out, the magnetic charge at the side of the columns will 
give local interactions. These will presumably give rise to 
a lower loss energy. It is also the question whether the 
reversal mode will be the same for all fields. We expect 
that curling will take place at intennediate fields and that 
at higher fields the mode will be a kind of parallel 
rotation. If this holds true then we have to divide the Wr 
curve into two separate parts. 
The rotational hysteresis can further be influenced by: 
1) The presence of magnetically "dead" material. This can 
also occur when a fraction of the particles is so small that 
it is paramagnetic. A lower amount of magnetic material 
results in a lower loss. In our case, Rh is not influenced by 
this, as we detennine it using only the active magnetic 
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volume as detennined by VSM. The peak height Wr•max 
could be lowered by this effect. 
2) Mixed anisotropies (not uni-axial) [17]. For several 
samples we observed the change from perpendicular to in-
plane behaviour as the field decreased. (Table 1). ~ our 
case, particle irregularities could lower the perpendicular 
anisotropy. 

TABLE 1. The alumite samples. 

Sample Substr Dc Dp P Ms S.I. Hc.l. 

Nr. type (A) (A) (kA/m) (kA/m) 

Fe-1 Glass 405 175 0.17 271 0.69 186 

Fe-2 Glass 405 225 0.28 353 0.49 173 

Fe-B-1 Glass 745 300 0.15 240 0.61 147 

Fe-B-2 Glass 745 375 0.23 362 0.29 105 

Fe-B-3 Glass 745 450 0.33 525 0.14 73 

Fe-A-1 Glass 1170 450 0.13 258 0.31 80 

Fe-A-2 Glass 1170 550 0.20 369 0.14 50 

Fe-A-3 Glass 1170 720 0.34 616 0.05 32 

Co-6 Glass 405 175 0.17 231 0.47 108 

Co-7 Glass 405 225 0.28 371 0.30 113 

Co-1 Al 1170 400 0.11 194 0.38 73 

Co-2 Al 957 400 0.16 282 0.27 77 

Co-3 Al 745 400 0.26 425 0.17 71 

C0-4 Al 640 400 0.35 539 0.16 87 

H "'High field torque curves (> 1000 kA/m), 
L '" Low field torque curves « 500 kA/m), 
.L '" Perpendicular, /I = In-plane curve. 

Keff H L 

(l04J/m3) 

6.93 .I. .I. 

4.57 .I. .I. 

5.32 .I. .I. 

3.80 .I. II 
-1.78 II II 
5.02 .I. .I. 

2.90 .I. II 
-5.74 /I II 
2.78 .I. .I. 

1.37 .I. /I 
3.29 .I. II 
2.00 .I. II 
-2.98 II II 
-7.39 II II 

For the Co-samples crystal anisotropy is important. 
Another example of conflicting anisotropies is the initial 
layer of a Co-Cr film. For a Co-Cr film Wuori and Judy 
[14] observe in-plane domain wall behaviour for low 
fields, changing to perpendicular curling behaviour for 
higher fields. The in-plane contribution is ~ue to the 
initial layer of the Co-Cr. One also can thmk of the 
expanding of the in-plane region of domain walls. 

1.2 Alumite 
Several geometrical parameters that are commonly used 
for alumite are shown in fig. la. Particles with diameter 
D are arranged in a hexagonal pattern with cell diameter 
D

P
• One of the main deviations of the particles compared 

to
C 
perfect cylinders is the root structure as shown in fig. 

lb. These deviations together with irregularities of the 
particle surfaces can decrease the shape anisotropy. 
Fortunately in the roots only a small fraction of the total 
magnetic material is contained and other deviations of the 
cylindrical shape are very small. Further, we detennined 
by microstructure analysis that, depending on the process 
parameters, some pores are not properly filled. 

(particle int~i~:::C!:ze -r~~~."..,..~ 
Op: Pore Size --.<:.....,-__ 

(particle diameter) 

Magnetic Substance 
(Fe. Co. NI) 

Barrier Layer _J,..JII"""~~'V-!~ 
(with lobes) 

Aluminum -1:::=--____ -Y 

FlG.1 a: A schematic drawing of magnetic alwnite media with 
a regular array of electrodeposited Fe needles in a A1203 
matrix. b: A microstructural observation by SEM which shows 
the alwnite needles including the roots. 

For all alumite films the main anisotropy cause is the 
shape anisotropy of the needle. At low packing fractions 
this is enough to direct the magnetization perpendicular. 
For Co-alumite films the crystal anisotropy contributes 
significantly to the anisotropy. As electrodepositi~n is a 
"cold" process it is to be expected from the phase dIagram 
that hcp-Co is fonned. However, unlike a sputtered Co-
Cr-film where the c-axis is directed perpendicular by the 
growing mechanism, in this case apparently no driving 
force is present to get the c-axis in a certain direction. 
Consequently the c-axis of these particles are not oriented 
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in a specific direction. Therefore there are also in-plane 
anisotropy components, giving a layer with mixed 
anisotropies. 
For the present experiments alumite samples with 
magnetic filling material Co and Fe were chosen. An 
overview of the samples is given in table 1. A set of Fe 
samples with different particle and cell diameters (Dp 
resp. Dc) was measured. Another series consists of Co-
alumite with decreasing Dc while Dp remains the same 
(sample Co 1-4). The samples Co-6 and Co-7 differ only 
in their filling material from the samples Fe-l and Fe-2. 
In order to find differences due to filling material also Fe-
A-I can be compared with Co-l and Fe-B-3 with Co-3. 
The latter two samples have negative K eff, due to the 
relatively large Ms of the sample. The p~king fraction is 
calculated according to P= (D!Dc) *p/2\f3. 
Measurement of Ms is not straight forward since the 
magnetic volume is not exactly known. The packing 
fraction only gives an indication because on the one hand 
not all pores are filled completely, and at the other hand 
small errors in Dp and Dc cause large errors in p. 
Therefore Ms was derived from the perpendicular 
hysteresis loops by assuming their slopes being I, in other 
words -M=Hd and M,.=HcJ.' 
For the normalization of the Rh integral the total magnetic 
moment Ms* V of the sample, as measured by VSM, was 
used, thus eliminating possible errors in volume or Ms' 
Dividing Ms* V by the Ms derived from the perpendicular 
hysteresis loop gives the film volume V, dividing Ms*V 
by the Ms of bulk Fe gives the magnetic volume (all 
particles together). 
The length of the needles is about 1 f.U11 for all samples. 
This gives large aspect ratios ranging from 14 (Fe-A-3) 
up to 60 (Fe-I, Co-6). 
The squareness ratio S J. =M,./Ms and the perpendicular 
coercivity Hc were measured using VSM. When corrected 
for demagnetizing field, the perpendicular VSM loop is 
square for all these samples. 
The effective anisotropy Keff was determined by 
extrapolation from the high field torque curves (1000-
1400 kA/m). For high Ms the (needle) shape anisotropy 
(combined with the crystal anisotropy for the Co-
samples) is not enough to overcome the demagnetizing 
field, and the net magnetization will be directed in-plane. 
This happens for Fe-B-3, Fe-A-3, Co-3 and Co-4. 
Some samples show a perpendicular behaviour for high 
fields but at low fields the behaviour changes to in-plane. 
This happens for Co and Fe filled samples and therefore 
the question arises how the in-plane magnetization is 
supported. 
From table 1 we note that for both Fe and Co alumite, 
when the packing density increases, Keff decreases from 
positive to negative values. With increasing packing 
density, Ms and thus the demagnetizing field increases. 

When the packing fraction reaches values around 1/3, the 
demagnetizing field becomes larger than the 
perpendicular anisotropy and the magnetization easy axis 
shifts from perpendicular to in-plane [18]. 
The main interaction the particle is subjected to is the 
demagnetizing field generated by all particles (sheet 
demagnetization). The relation between HcJ. and Dp 
shows that curling is the reversal mechanism for samples 
with diameters between around 300 A and 800 A. (In our 
case the Fe-A and Fe-B samples). The samples with D 
below 300 A have a coercivity that cannot be explained 
by curling. Probably here. a fanning-like reversal mode 
applies. For the Co-samples we expect a similar 
behaviour. 

1.3 Experimental procedure 
Rotational hysteresis torque measurements have been 
performed with two different measurement systems. 
The first system (Ferrara) consists of a vacuum spinning-
top containing the sample, which rotates in a magnetic 
field applied normal to the rotation axis. The top is put in 
motion by an air jet and then it is free to rotate in a 
vacuum chamber. The difference between the top 
decelerations with and without the applied field allows to 
calculate the energy loss due to the rotational hysteresis 
[19]. The Alumite samples were cut and put in the top, in 
such a way that the film perpendicular axis is normal to 
the rotation axis and rotates in a plane which contains the 
applied field direction. 
Alumite on glass hard-disk samples were sliced into 
pieces of 2*15 mm by a diamond saw. Nine of these 
pieces, covered at both sides with a 1 !Am alumite layer 
were stacked in the spinning top with the film surface 
parallel to the top axis. 
The second system (Enschede) is an automated 
compensation torque magnetometer with a noise level of 
about 0.001 ~m. The angle is varied in steps of 1°. The 
field is not rotating during the actual measurement of the 
torque values. This eliminates eddy current contributions. 
The loss is measured from 1400 kA/m down to 50 kA/m. 
Very little loss occurs down to Hk • (In our case around 
600 kA/m). These high field curves are used for 
anisotropy constants determination. Several angle 
overshoots were tried, above about 90° no changes in the 
measured torque and loss were detected. Therefore all 
measurements were performed with an overshoot of 90°. 
Other authors determined the same minimum overshoot 
[20,21). The loss was calculated from the difference 
between a clockwise (CW) and a counter clockwise 
(CCW) measurement over 180°. To fit a curve through 
the measured losses cubic splines were used. The surface 
of the graph below the splines was calculated using the 
spline parameters. The two measurement methods give 
comparable results within error limits. 
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FIG 2. Typical parameters for a Rh loss curve. 

Some typical parameters of the curve can be extracted 
from the curve of the Wr against the reciprocal applied 
field, as in fig. 2. The surface area of this graph is used 
for the calculation of the Rh integral. From the graph 
Wr.max (the peak value of the Wr) and Hmax (the field at 
which it occurs) are extracted. The il(l!H)so parameter is 
used to give an estimate of the width of the curve, and is 
the width of the graph at the half height of the peak value 
of the Wr' 

2 EXPERIMENTAL RESULTS AND DISCUSSION 

2.1 Pervendicular Rh measurements 
The results for the perpendicular rotational hysteresis 
method are displayed in table 2. 

TABLE 2. Rotational hysteresis and related parameters. 

Sample Dc DF p wr,max ~ax .6.(l/H)SO Rh R' h 
Nr. (A) (A) (kJ/m3) (kA/m) (mIMA) 

Fe-1 405 175 0.17 480 296 3.13 0.74 1.1 

Fe-2 405 225 0.28 302 320 3.25 0.49 1.0 
Fe-B-1 745 300 0.15 418 276 3.88 0.80 2.6 
Fe-B-2 745 375 0.23 270 296 4.50 0.64 3.2 
Fe-B-3 745 450 0.33 125 276 S.63 0.37 3.7 
Fe-A-1 1170 450 0.13 318 276 4.88 0.78 1.3 

Fe-A-2 1170 550 0.20 167 308 5.13 0.48 2.3 
Fe-A-3 1170 720 0.34 60 267 6.38 0.22 2.9 
C0-6 405 175 0.17 176 235 6.88 0.80 1.7 
Co-7 405 225 0.28 173 250 6.69 0.76 2.5 
Co-I 1170 400 0.11 182 211 6.92 0.84 2.2 
Co-2 957 400 0.16 161 216 7.13 0.79 2.9 
Co-3 745 400 0.26 156 211 9.30 0.90 5.3 
C0-4 640 400 0.35 189 235 7.26 0.82 5.1 

To compare the influence of the magnetic material, 
samples with strong perpendicular anisotropy that differ 
mainly in magnetic material were plotted in fig. 3 (Fe-l 
vs. Co-6, Fe-A-l vs. Co-I). These samples all have good 
perpendicular orientation. Fe-l and Co-6 have very small 
particles (Dp= 17.5 nm), Fe-A-l and Co-l have larger 
particles (Dp = 40 nm). This figure clearly shows the 
influence of magnetic material on the rotational hysteresis 
behaviour. Comparing Co-6 with Fe-l and Fe-A-l with 
Co-l it is clear that the peak for Fe samples is 
considerably higher than for the Co samples. Also the 
width of the curve, for which the il(l/H)50 is an estimate, 
and the low field tail are considerably larger for the Co 
samples than for the Fe samples. This difference between 
Co and Fe magnetic material is observed for all samples. 
Because only the magnetiC material differs and all the 
geometric aspects stay the same, this difference is 
presumably due the difference in saturation magnetization 
of the materials and also to the crystal anisotropy in the 
Co. 

500~--~--~--~~----~ 

A 400 
I 
I 

to 300 
E 
"- 200 J ,:,c 
'--' 

L :s: 100 

5 10 15 20 25 
1/H [10-6 (A/m)-1] --> 

a) 

500 

A 400 
I 
I 

to 300 
E 
"- 200 J ,:,c 
'--' 

L :s: 100 

5 10 15 20 25 
1/H [10-6 (A/m)-1] --> 

b) 

FIG. 3. Some typical Rh-graphs showing difference between 
Fe and Co filling of the Alumite. 
a) Co-6 and Fe-I b) Co-I and Fe-A-I 
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Comparing between the two particle sizes of the Fe we 
notice a broadening and lowering of the peak with 
increasing particle size. The surface of the graphs of these 
two Fe samples is almost the same. The two Co curves 
have almost the same shape and also the same surface 
area. In fact all Co samples have comparable graph areas. 
We can consider the remanent magnetization as the 
fraction of magnetic material in the sample which rotates 
its magnetization irreversibly. As rotational hysteresis 
only arises from irreversible rotating magnetic material. a 
simple correction for the demagnetizing field is a 
normalization of the Rh with Mc instead of Ms' This 
corrected value. here denoted by Rh' is also displayed in 
table 2. Fig.4 shows Rh' as a function of reduced diameter 
S (S=d/do) with do= 120 A [3]). 

5r--------.----~_.--~-,~,",-.., 

4 

~ 3 
I 

J: 2 
0:: 

I I I I 
I I I I 
\ , I I 

~ ......... ...._., aligned 

=="""--.--, random 

01 2 3 4 5 6 7 8 910 
S (d/dO) --> 

FIG. 4. Rh' vs. reduced diameter S (Theoretical curves from 
[16]). c: Fe-alwnite, x: Co-alwnite 

The Fe samples do fit reasonably to the curling curves. 
The Rh' of the Co samples is higher than the theoretical 
curling curves, presumably due to the influence of crystal 
anisotropy. 

A 
I 
I 

10.---~--.-~----~--, 
Fe-alumite 
Co-alumite 8 -----------+-------'----;".---------;-----~ __________ ~_l~ __________ L __________ :_ 

6 i i x 

:::::::~:::::---:I:::~-::l:::::::::: 
! ! ! 

20 40 60 80 
Pore diam. Dp (nm) --> 

FIG. 5. 6.(1/H)50 vs. pore diameter for Fe and Co alumite_ 

The peak field. in table 2 denoted as Hmax' i.e. the field at 
which the peak of the Rh curve occurs is remarkably 
constant. For the Co alumite this value is 230±20 kA/m, 

for Fe-alumite 295±25 kA/m. This is about 1/6th of the 
bulk saturation magnetization of Co and Fe. 
The newly introduced parameter ~(1/H)50 shows an 
interesting dependence on the pore diameter. This is 
shown in fig 5. For the Fe samples it is clear that the half 
width value increases with increasing particle diameter. 
The width of the Rh curve can be either interpreted as due 
to a distribution in anisotropy axes or a distribution in 
switching fields. For perpendicular media the switching 
field distribution of the medium is strongly influenced by 
the demagnetizing field [22]. 

2.2 In plane Rh -measurements 
In-plane Rh-measurements gave very low values (0.05) 
compared to the perpendicular measurements for the Fe 
filled samples. Rotation around the easy-axis direction 
does not give rise to a energy loss because very little 
anisotropy is present to cause irreversible energy jumps. 
In this case misaligned magnetic material and particle 
irregularities contribute to the loss. 
For Fe samples the in-plane component was very small 
although still sine-like torque behaviour was observed. In 
addition. the shape of the loss curve was very similar to 
the perpendicular one. This leads to the assumption that 
the resulting loss might also partly be due to 
misalignment of the sample in the measurement system 
rather than to in-plane torque hysteresis. For sample Fe-l 
for example Rh=0.05 which is about 7% of the 
perpendicular loss. When the sample is only 1° 
misaligned it is expected that 1% of the (large) Rhl is 
added to the (small) Rh/I' Therefore for the Fe samples the 
Rh/I might even be notably smaller than the measured 
value. 
X-ray diffraction measurements on alumite samples are 
hard to establish. Therefore the orientation of the Co-
crystallites can not be determined yet. For Co-samples the 
Rh/I was large and comparable to the perpendicular value. 
The large in-plane loss clearly indicates a large crystal 
anisotropy in the Co-particles. The in-plane loss was 
constant for all angles. therefore there is no preferential c-
axis orientation in the plane of measurement. 

3 CONCLUSIONS 

The field dependent rotational loss of a set of alumite 
samples with different filling materials and geometric 
parameters and known reversal behaviour was 
determined. Two different rotational hysteresis methods 
gave comparable results. The rotational hysteresis is 
severely lowered by demagnetization. A proper model for 
incorporation of the demagnetizing field in rotational 
hysteresis for assemblies of particles that reverse by an 
incoherent rotation mechanism is extremely difficult to 
establish. However. if the measurement results of the Fe-
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alumite samples are normalized with ~ instead of the 
usual Ms the points match the theoretical relation of 
curling, which is known to be the reversal mode of these 
samples. For the available Co-samples this was not the 
case. The major difference between the Fe and Co 
samples is the strong not-constructive crystal anisotropy 
contribution. The Wr vs. 1/H graph shows a narrow peak 
for the Fe samples while the graph shows a large low 
field tail for the Co samples. The width of the Wr vs. 1/H 
graph of Fe samples increases with increasing particle 
diameter. In-plane Rh measurements on Fe-samples show 
very low losses, in contrast to Co-samples, where the in-
plane loss is of the same magnitude as the perpendicular 
loss. 
The exact influence of the demagnetizing field on the 
rotational hysteresis loss of alumite magnetic media is 
still unsolved. For Co-samples the influence of crystal 
anisotropy is very strong. 
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