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THE EFFECT OF INTERACTIONSON THE
AC MAGNETISATION PROCESSES

M. Cerchez, D. Cimpoesu, Al. Stancu
Alexandru | oan Cuza University, Blvd. Copou, lasi, 6600, Romania

The interactions in particulate ferromagnetic media are ussually characterised using the AM
plot. However, the AM plots cannot give a separate indication on the existance of the mean
field and statistical interactions used in Preisach models to describe the interactions, and other
experimental methods have to be addressed. This paper presents the effect of statistical and
mean field interactions on the ac magneti sation processes to investigate the posibility of using
thistype of processesin the characterisation of the properties of magnetic recording media.
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1. Introduction

In Preisach type modds [1] the interactions are described by a statistica interaction fidd
distribution and a mean interaction field term assumed to be proportional to the magnetic moment of
the system. The interactions in parti culate ferromagnetic media are usually characterised by the use of
AM plots [2]. Thus, a positive AM plot is considered to be obtained for powerful mean fidd
interactions in particulate media. However, the shape of the AM plot is given by the balance of
statistical and mean fidd interactions and a negative AM plot does not provide any indication of the
presence of mean interaction fidd. Consequently, for a separate identification of different types of
interactions one has to address other experimental methods and we address here the possibility of
using the A plots [3] in the characterisation of interactions in magnetic recording media

2. The A plots

Thetwo AC processes rd ating to this study were the AC demagnetisation process (ACD) and

AC remagneti sation process (ACR) curves. A typica pair of curvesis shown in Fig. 1 and is referred
toasA plot.
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Fig. 1. The A plot for ametal particle video tape sample.
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The ACD was achieved by applying an AC field to an initially DC saturated sample. The AC
fidd was reduced to zero and the remanence measured. A plot of magnetisation against peak AC
applied fidd is the ACD curve The ACR was obtained by applying an AC fidd to an initially DC
demagnetised samplei.e. saturated, then subject to a fidd —H,, which was then removed to give zero
magnetisation. The application of an AC demagnetising field has the effect of randomising the
magnetic moments with switching fields up to the peak AC applied fidd. The ACR curve presents a
peak near the remanence coercivity H,. This is explained by the fact that AC fidds with peak
amplitudes up to H, address the same magnetic moments which were switched in the negative
direction when the DC demagnetised state of the system was obtained.

The ACD magnetisation process starts from the saturated magnetic state of the system. Using
the Everett integral, the normalised saturation magnetic moment may be writen as:

ms =1-2¢(H,.,0) (@)

Following the calculus of the magnetic moment on the ACD process when applying the
demagnetising fidd Hy,, one may write

Macp = Mys + €(H ac,—Hac) —26(H,—Hyge) + 26(H,0) ¥

The ACR curve starts from the DC demagnetised state. When applying an AC demagnetising
fidd of initial amplitude Hy to the DC demagnetised state, a positive magnetic moment of the system
will be obtained in the balance of the positive and negative zones indicated in the Preisach plane.

The magnetic moment on the ACR could be cal cul ated as foll ows:

Macr = 26(Hge,~H ) —26(0,-H ) —e(H 5c,—Hye) , for Hye <H,

©)
Macr = Mg +e(HaC!_Hac) _Ze(Hm!_Hac) + 2e(Hm!O) , for Hac >H,

The eguations above are vaid for a system carrying statistical interactions and no mean fidd
interactions.

3. Non-interactional systems

If one assumes a system with no interactions, then, using (2) and (3) and the fact that all
particles are on the second bisector of the Preisach plane, one may write:

Macr(H) =Migy (H), Macp (H) =mygy (H) +mpep (H) H <H,
Macr(H) = Mg =My (H), Macp (H) =migy (H) +mpep (H) H >H,

4)

In the formulas above we have ignored time dependent effects as wel and we have used
equivalent processes which address the same magneti c moments considering static measurements.
Using (4) one may write the sum (S) and the difference (D) of the ACD and ACR curves:

S=mg, D=mg-2mpgy (H)=mpep(H) H<H,

5
S=2mg —2mgy (H) =ms +mpep (H), D=0 H>H, ©

Fig. 2 shows the ACR, ACD, DCD and IRM magnetisation processes for a non interacting
particul ate system simulated with the Generalised Pre sach Modd [4].



The effect of

interactions on the AC magneti sation processes 303

l.O-.—n—A,A,A,mniAﬂ* oe® e0 0008 l.O-.--u-u-u-u-u-u-':k':.\.
0.8+ A o ~ 0.84 o
> =l . » 4 .
S 06 N S 06 \
= 8 )!: s i \ .
\C, 0.4 \ Q\ Z 0.4 " a
o ‘\q o 1 \ \-\.
© 024 Vam: ty =% 0.2 " -
2 O &AQ; 02 1 \ LN
T 0.09-00000000€ = S0abae D 0.0} AAddsssdsiiidicigooooooooliiss
c c 4
g -0.24 \ g -0.21 \
= \ = : \
T -0.4 a] < 044 a
b —o—IRM N\ b ] —e—ACD-ACR N
T -064 —8-DCD N 3 0.6 —A—ACD+ACR-m_ \a
= —4A—ACD o, g 1 —=—IRM+DCD A
s 081 o Acr o, 5 08 a
< o z 1 AAa,
-1.0 H-o-og -1.04 AAaa
T T T T T 1 T T T T T T T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Applied Field (kA/m)

a

Applied Field (kA/m)

b

Fig. 2. Simulated AC and DC remanent magnetisation processes for a particulate

non-interactional system.

One may see from (4) and (5) that, for a noninteracting system, the ACR process is equivalent to
the IRM process up to the remanence coercivity where it has a peak value equal to haf of the

remanent saturation magnetisation.

Up to H, the sum of ACR and ACD processes is hot depending on

thefield and is equal to the remanence saturation.

The difference between the ACD and ACR processes is equivalent to the DCD processin this
case. For vaues of the applied fidd higher than H, the magnetic moments on the two processes have
the same value and their sum may be cal culated using the DCD process. At H, the ACR process has a
peak and then both ACR and DCD processes take the same val ue for any value of the applied field.
One may a so notice that the ACD curveis given by the sum of the IRM and DCD processes.
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remanent magnetisation processes for a particulate system with
statistica interactions.

4. Systems with statistical interactions

L& us now consider a system with statistical interactions but no mean field interactions. The
ACD and the ACR processes may be described by equations (2) and (3). Fig. 3 showsthe ACR, ACD,
IRM and DCD magnetisation processes simulated with the Generalised Preisach model. As one may
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seein Fig. 3, there areimportant changes in the shape of the AC and DC magnetisation processes with
respect to the non-interactional case.

However, there are several features which did not vary when statistical interactions were
cons dered in the system. One may notice that the ACD curve may still be obtained as the sum of the
IRM and the DCD magneti sati on processes:

Macp (H) = Mgy (H) + Mpep (H) (6)

Moreover, the values on the ACR, ACR and IRM corresponding to the remanent coercive
field of the system are the same and the ACR and ACD processes are identical for values of the
applied field higher than the coercive fidd. Up to H,, the values of the ACR curve are higher than the
corresponding va ues on the IRM process.
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Fig. 4. Smulated AC and DC magnetisation process for a particulate system with statistical
and mean field interactions (a a = 0.2, b. a = 0.5).

5. Statistical and mean field interactions

If one considers a system with both statistical and mean field interactions, then one observes
(Fig. 5) that the ACD curve is above the sum of the IRM and DCD processes and that the peak of the
ACR magnetisation process corresponds to a higher value of magnetisation. Fig. 5 a presents the
related AC and DC remanent curves for a metal particle MP magnetic recording media. Fig. 5 b
presents the rdated AC and DC remanent curves for an oriented BaFe parti cul ate media.

1.25

1.00 JEvEvesnunnf 00000000000

0.75- PO Lot

0.75
0.50+
0.50

0.254
0.25

0.00

—A— ACR \
—0— ACD \
-0.25{ —e—DCD y
5
\
e}

Normalised Magnetisation (M/M,)

—o— IRM

Normalised Magnetisation (M/M)

|

o]

\
-050 IRM+DCD : , 050 —s—rMDCD

T T |
0 50 100 150 200 0 50 100 150 200
AC Applied Magnetic Field (kA/m) Applied Magnetic Field (kA/m)

a b

Fig. 5. (8) Magnetisation processes for an M P particulate media (b) Magnetisation processes
for an oriented BaFe particulate media.
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Fig. 6. The AM plot for the oriented BaFe and the MP samples.

One may see (Fig. 5 @) that the MP sampleis arecording media with statistical interactions and
low mean fidd interactions. The ACD curve is beow the sum of the IRM and DCD processes
indi cating the presence of mean field interactions.

The BaFe sample (Fig. 5 b) presents powerful mean fidd interactions consistent with a clearly
positive AM plot (Fig. 6).

We can summarise the results as follows:
a. For the norrinteractional system the ACD curve is the sum of IRM and DCD; the ACR curve is
identical with IRM up to H, and identical with ACD for fidds higher than H;,.
b. For a system with statistical interactions, the ACR curve is above the IRM curve up to H, but the
ACD curveis gtill given by the sum of the DCD and IRM;
c. For a particulate system with both statistica and mean fidd interactions, the ACR curve is above
the IRM curve and the ACD curve is above the curve describing the sum of the IRM and the DCD
processes.

6. Conclusions

We found that the A plots are sensitive to both statisticd and mean fid d interactions and they
can be used to separately identify the mean fidd and statistical interactions in particulate magnetic
media. Thus, for low mean fied interactions where the AM is negative and gives no indication on the
mean interaction fied, the A plots have a distinct behaviour.
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