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Quick reminder of Extraction Magnetometer Pt
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Applied Field & Internal Field

I.Intro

8 Difference between applied field H, and the internal field H

The gray volume feels :

- the applied field H,
| jiree - The field induce by the magnetization
°°°°°°°°°°° § of its neighbours Hy
8 8 8 H = Hy + Hy
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Applied Field & Internal Field

I.Intro

8 Difference between applied field H, and the internal Field H

Helmholtz decomposition

H = HO + Hd
Demagnetizing field respect

div(ugHy(M) + M) =0

Jfree

oooooooooooooooooooooo rot Hy(M) =0
> H;(M) - 0inoo
o We define H; = —gradgy
Ga(M)(x) =
1 f divM(y) dy + f M(y).n(y)
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Demagnetizing Factor G2€w

I. Intro > II. Demag. Factor

& In elliptical shape
® The magnetic field is constant inside the body

m,H) = [ MG av M(H) = m,(Ho)/V

Vsa'mple

® The demagnetizing field can be write as H; = —NM with N only
function of the geometry

H =Hy+ Hy H=Hy,— Nm,(Hy)/V H = f(Hyp)

M(H) =m,(f~'(H))/V

But experimentaly it is difficult to have elliptical shape



Generalization of the demagnetizing

Factor

I. Intro > II. Demag. Factor

& In general shape
® 1st The field is not constant inside the body

m, (Hy) = j M(H) dv < M(H) > = m,(Ho)/V

Vsample

® 2nd extention of the notion of demagnetizing field define as:
fHddvz—Nmedv <H >=H, —N,, < M(H) >
v 14

<H>~Hy —N,,M(< H >) <H>~f(Hy)

With N function of the geometry and M(H)

® 3rd gpproximation

M(H) ~ <M(H) >= m,(f (< H >))/V

Approximations are difficult to validate



Test of the method

I. Intro > II. Demag. Factor

8 Test the method based on numerical simulation

M imulati Analyse the Homogeneity
agnetometer simulation of the field

v

Magnetization Simulation T Compute : o
RN > t . Estimation
M(H) ~ Gd FEM i | | 1% strategy : use of generalized N

\

\ demagnetizing factor M(H)

>  Comparaison <€

8 Numerical setup
® Cylinder shape with radius 20 and high/2 =[5, 10, ...,55]

® Generalized demagnetizing factor interpolated from D.X Chen table*
But it is difficult to choose with non linear material

® Magnetization curve give by arctan. model with /. =1.3T and u, = 10

*D.-X. Chen, J. A. Brug, et R. B. Goldfarb, « Demagnetizing factors for cylinders », IEEE Transactions on Magnetics,
vol. 27, n° 4, p. 3601 -3619, juill. 1991.
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Result of the simulation GZELab

I. Intro > II. Demag. Factor

(9 Error of the method i Homogenelty of the fleld
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Normalized error Magnetization volumic density normalized

& A long sample improve the efficiency of the method
® Because the demagnetizing field decrease
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Inverse problem

I. Intro > II. Demag. Factor > III. Inv. formulation

8 Scheme of the inverse problem and method of resolution

Magnetometer experiment

Magnetization .| Simulation Mesure mi

M™(H) ~ Gd FEM N

Simulation for inverse problem resolution
Field distribution

\ 4

Evolution of
Error || parameters (of the || M™'(H) |—>
magnetic curve)

A >
Magnetization - .| Compute _)/
—> > .
M(H) ~ Gd Extraction .

m

\/ Iterative loop ¥

~

& How to parametrize the magnetic curve « an unknown
curve »

® With the previous test of the method we obtained anl error equal to zero
with 3 parameters models because the magnetization is defined with the
same model

« 11



How to parametrize the magnetic

curve for the inverse problem

I. Intro > II. Demag. Factor > III. Inv. formulation

&
8 Generalized demagnetizing factor + 1

Degree of freedom

8 Parametric function

® Model with 3 parameters (I + pu)H + %arctg (”(“"’Z_JD“C’H) -+ 3

® Model with 4 parameters H, = uyH ‘“;_1

and

S

B(H) = (L + po)H + J o aveca€ (0,05 —+ 4
& Parametric point (interpolated) —+ 5to
® Linear, Cubic, Spline interpolation N
/" Complexity

/7 Computation time
12
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Prismatic sample in the magnetometer ¥

I. Intro > II. Demagqg. Factor > III. Inv. Formulation > IV. Prismatic sample \L i i/ i \L \L i H
& Gd prismatic sample 1x2x6 mm 0
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Inversion based magnetometer

62 3 Laé

mesurement

I. Intro > II. Demag. Factor > III. Inv. Formulation > IV. Prismatic sample

Demag. factor function of temperature for orientation +++
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V. Perspectives

I. Intro > II. Demag. Factor > III. Inv. Formulation > IV. Prismatic sample > V. Perspectives
Magnetization curve M (u,H) at 283 K

& Method of comparaison i
1.0._ ...........................................................................................
® Error on the magnetic moment ; ; ; ; :
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v B(H:l ShGUld be the ILW(,OG‘ ,,,,,,,,,,,,,,,,,, S L ..................
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iy o: e e B ; i
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& Now we use parametric function and interpolated point

* To have a best fit of the magnetization curve to reduce the error
NOW less than 0.5% on the magnetic curve (2h for one curve)

* Try to have an error estimation on the magnetization curve

8 Now we start to propagate the errors on As

* Propagate the error througth the Maxwell Relation to have an estimation on the
errors on the As (intrinsec)

« 16



Thanks for your attention

Question ?

By morgan.almanza@gZ2elab.grenoble-inp.fr



