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- It is shown that in field annealed amorphous ribbons (with oblique in-
tringic anisotropy), the magnetostatic energy associated with spatial fluc-
tuations of the local magnetization depends on the magnetization state.
The corresponding magnetostatic interactions can play an important part in
the magnetic behaviour of the amorphous ribbons with small macroscopic
anisotropy.

PACS numbers: 75.50.Kj

Some amorphous ribbons show distinct magnetic properties due to their
small macroscopic anisotropy. In the amorphous samples, the magnetocrystalline
anisotropy is absent but the magnetoelastic anisotropy, the unidirectional order
or the shape effect can play an important part. Still another characteristic is the
fluctuation of the magnetic moment around the average magnetization of the mag-
netic domain [1,2] Mp. Since the divergence of the vector of local magnetization
M is not zero, magnetostatic interactions between the neighbouring regions of the
sample will be present. These interactions can play an important part in the do-
main pattern formation in the case of longitudinal anisotropy [3], as well as in the
magnetic and magnetoelastic behaviour of the amorphous ribbons in low field [4].

The aim of this paper is to calculate the density of the magnetostatic energy
E, associated to the volume poles density in amorphous ribbons with oblique
anisotropy. For this, we shall start from the general formula for a rectangular
sample with the thickness 2d and the periodic variation of the magnetization in
the sample plane [5]

oy (e MR M) [ 1 o2k
g% [1 1= ep(2kd) ] M

where pg is the free space permeability, k is the wave vector in the ribbon plane and
M;, are the Fourier coefficients. The problem consists in adopting a model related
to the local magnetization orientation and the calculus of the Fourier coefficients.
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Given the chemical and topological disorder characterising the. amorphous
structure, the tensor of local anisotropy presents spatial fluctuations with a cor-
relation length given by the local order radius. The direction of the magnetic mo-
ment is given by the balance between the exchange force, the local anisotropy and
macroscopic anisotropy forces [2]. The average magnetization (domain magnetiza-
tion) Mp results over which a distribution of the direction of local magnetization
M is superposed. In transverse field annealed sample, the technical saturation
magnetization Mp (for the magnetic field H ~ 10% — 102 A/m) is smaller than
the magnetization obtained for strong fields [6] (H =~ 105 A/m). Thus for the
whole region of technical magnetization there are fluctuations of the local magne-
tization direction. The existence of these fluctuations was revealed by the Bitter
technique [1]: beside the walls separating the large domains, a system of auxiliary
walls was noticed, transverse to Mp due to the stray field. In order to describe the
spatial variation of the local magnetization direction, we shall consider the model
presented in [3]: the angle € between the local magnetization and the domain mag-
netization presents a sinusoidal variation along the vector Mp with the amplitude
v in the ribbon plane :

(), o

where 1 is the distance separating two secondary walls and z’O’y’ is the local
coordinate system attached to a magnetic domain. (Oy’' || Mp). Let us consider
a field annealed amorphous ribbon. We choose a system of coordinates with the
origin in the ribbon centre so that the 2Oy plane overlaps on the median plane
of the sample and the Oz axis is normal to the domain walls (Fig. 1). Under the
influence of an external field H, the vector Mp rotates making with the Oz axis
the angle 8 in the I domain and 27 — ¢ in the domains I and III and the volume
fraction where domain magnetization makes the angle § will become v > 0.5.
The local coordinate systems are: z1Oryr, ziOnyn and zmOmym (Ou = 0).
The origins Or and Opyy are shifted in relation with O with (—L, L(2v — 1) cot )
and (L, —L(2v — 1) cot ) respectively (L being the magnetic domain width). The

Fig. 1. Domain structure.
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angle ¢ between the local magnetization vector and the Oz axis is
27 ~ 0 + vsin(F(—ysin0 + (z 4+ 2vL)cos 0))  if z € (—L, —vL);
¢=1q 0+vsin(F(ysind+zcosf)) if z € (—vL,vL); 3)
27 — 0 + ysin(§(~ysin + (¢ — 2vL) cos0))  if z € (—L,—vL).

In order to obtain the Fourier coefficients for the functions cos ¢ and sin ¢ we use
the Bessel-Fourier expansion ‘

eif Zm J_m(,y)e—im-',"-(z+2uL)cos 8eim Ty sin ¢ if .'L' € (—-L, —vL);
el¢ —_ elf Zm Jm('y)ei'" Fecosgim Fysin g if z€ (—vL, vL); (4)
elf Zm J_m(,y)e—im-f-(a:—ZuL)cosﬂeim-’,‘iy siné  if € (vL, L)

with m integer. The translational symmetry is defined by two fundamental vectors

21 o

a; =2L(1,—(2v—1)cot8); as= m(o, 1) (5)
and the wave vector is given by the expression

ko= %((21} — 1)mpcos 6 + n, mpsin 6) (6)
with n ihteger and p = L/l. The Fourier coefficient M, ,, are given by

1 ) X4 v
_— —'l(kn.mx"'ku,my) d .
M, m Tar % a3] M(z,y)e : dzdy )

(fundamental cell)

The average value of M(z, y) has the components

Mg, = MpJo(y)cos0; M= MpJo(y)(2v — 1)siné, ’ 8)
M, being the local magnetization magnitude. From Eg. (8) it follows that Mp =
ML Jo(7). Using Egs. (1) and (5)—(7) with 21 = ((2v—1)mp cos 8+n)2+(mpsin 6)2,
2= (2v—1)mpcosf@+n+tmpcosf, 23 = (2v—1)mpcosf+n+mpcosb, z4 =
(2v — 1)mp cos @ + n — mp cos 8, we can obtain the expression of E,

J2 (v)m2p?(n + mp(2v — 1) cos 6)?

Z ((2v — 1)mpcos 8 + n)2 4 (mpsin §)2

2
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1 #£0, z2#£0
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(((2v — 1)mpcos 8 + n)2 + (mp cos §)2)2
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The above equation gives the density of the magnetostatic energy F, associated to

- the volume poles density in amorphous ribbons with obligue anisoiropy. Since the
Fourier coefficients and the wave vector depend on the orientation of the domain
magnetization § and the volume fraction v, it follows that E, is dependent on
the technical magnetization state (§ and v). In the case of longitudinal anisotropy,
(H||Oy; 8 = /2 and the reduced magnetization m, = 2v — 1) Eq. (9) reduces
to Eq. (A5) given in Ref. [3]. In this case the magnetostatic interaction due to
the spatial variation of the local magnetization direction can contribute to the
occurrence of large domain pattern [3] (10~4-10~3 m). In the case of the transverse
anisotropy (v = 1/2; H || Oz and m, = cosf) the domain width is smaller and
depends on the ribbon width.

Equation (9) shows that the magnetostatic interaction due to the spatial
fluctuation of the local magnetization occurs in amorphous ribbons with oblique
anisotropy. Numerical results given by (9) show that the energy density E, in-
creases with the magnetization. The difference of the energy density between
the saturation and demagnetized states is ~ 25 J/m3 and the energy density
for demagnetized state is o~ 100 J/m3(for the following values of the parameters:
poMp =1T,1 =L = 2d =40 x 10~ m and v = 7/10). Since the intrinsic
anisotropy constant of the field annealed amorphous ribbons can be lower than
102 J/m? it follows that the magnetostatic interactions can play an important
part in the magnetic and magnetoelastic behaviour. The increase AE,(#,v) =
Ey(8,v) — Ey(7/2,1/2) can be considered as a magnetic domain coupling energy
of magnetostatic origin.
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