Energia magnetostatica — existencia de dominios




Energia magnetostatica

Energia de interacidn entre los dipolos de un material magnetizado
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Ejemplo: Esfera de radio R magnetizada uniformemente
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Cilindro infinito magnetizado uniformemente en direccion perpendicular al eje
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Energia magnetostatica por unidad de area [ al eje del cilindro
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Otros cuerpos magnetizados uniformemente
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Superficies no cuadraticas

Vilido también para cuerpos con

E, = HoV (Nx M f + Ny M yz +N.M 22) superficies no cuadraticas: cubos,

2 prismas, cilindros, octaedros, etc.

(teorema de Brown-Morrish)

Casos particulares

Cubo, e ,"II\ N \
octaaedro, 4 / . N,=N,=N_=1/3
tetraedro v ' /

-
Prisma N, =N,#N,
regular,
cilindro Caso limit
) aso limite

N, =N, S Y
2



campo efectivo
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campo de saturacion
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Ejemplo, Ni

M, =4.8x10°4/m=0.6 Tesla

H,-NM;>H Ol - H,,>06Tesla  Hg' =0.01-0.03 Tesla



factores demagnetizantes
Calculos en prismas

Demagnetizing factors for rectangular ferromagnetic prisms

Amikam Aharoni®
Department of Electronics, Weizmann Institute of Science, 76100 Rehovoth, Israel
JOURNAL OF APPLIED PHYSICS
VOLUME 83, NUMBER 6
|5 MARCH 998

TABLE 1. The demagnetizing factor, DI, of a prolate spheroid and the
magnetometric demagnetizing factor, D2, of a square prism, for an aspect
ratio, p.

A & n DY

2.0 0. 17356 (. ]9s32

/ 3.0 010871 014036
P E— « J_e 4100 0075407 010845
-~ X 5.0 0055821 DORR36

b . - (.4 0043230 0074466
----------------- p=— 7.0 {(0.034600 0064363

a 8.0 0.02842 | 0.056670

b 9.0 0023516 0050617
- & 10.0) 0.020286 0.04573 ]
[1.0 0017515 0041705

FlGa. 1. The coordimate svstem used in the calculations. Its origin is at the

center of the rectangular prism. The field A, is applied along the z axis.



Factores demagnetizantes— referencias
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Anisotropia de forma: NP elipsoidales

Elipsoide prolado u oblado

a=b<c=> Nx = Ny > NZ prolado g{iéj 3

a:b>c:>Nx:Ny<NZ oblado




Anisotropia de forma: NP elipsoidales

Problema: analizar la energia magnetostatica de NP elipsoidales

A partir de la expresion:

E, = ”;V (N M2+ N M2+ NP

Comparar con la expresion de la energia de anisotropia uniaxial.
Calcular su valor para una NP de magnetita con forma de elipsoide
prolado muy alargado, con:

M,=45%10° A/m



Anisotropia de forma: NP elipsoidales
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Ejemplo: elipsoide prolado largo de magnetita
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M, =4.5%x10> A/m
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Ky == (4.5%10°F 7 /m® = 6.4x10* T /m’




Energia magnetostatica - Origen de los dominios
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Energia de pared de dominios
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Numero de dominios en equilibrio
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Dominios y paredes
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Pseudo-3d MFM image of a (YSmLaCa), (FeGe).
‘ \ O,, magnetic t_hin film garnet, 4.5 x 4.5 um?2,
ST domain walls appear dark;

AL S



Eje facil

Pared de Bloch de 180°

anisotropia

intercambio




Optimizacion enereia por unidad de area de pared
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2
Ancho de la pared 5eq :Neqa = JT. /2;S = JT /% A=Js*/a
a

Cte de stiffness

V., = 27N 2KA

. N A=10""J/m
107/ m<A<10" J/m K=10°J/m’=> O, =444 nm

10°J/m* <K <10°J /m’ K =10’ J/m’=) O,, =44.4 nm
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