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Magnetostriccion (JP Joule, 1848)
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1972 trabajo para “Magnetismo” de 52 (Don Salvador)
Magnetostriccion (argumento de simetria)

Un cristal cubico, imanado, pierde sus ejes ternarios ==» cristal tetragonal
iTiene que existir una deformacion ligada a la imanacion!

magnetostriccion macroscopica



Théorie du magnétisme

André Herpin; Louis Néel, Presses Universitaires de France (PUF), Paris 1968.

Ferromagnetismus
R. Becker and W. Doring, J. Springer, Berlin, 1939

Magnetostriction, Forced Magnetostriction, and

Anomalous Thermal Expansion in Ferromagnets
Earl Cullen and Herbert B. Cullen, Phys. Rev. 139, A455 (1965)

Magnetostriction: Theory and Applications of
Magnetoelasticity

Etienne du Trémolet de Lacheisserie, CRC-Press, Boca Raton, 1993

Handbook of magnetostriction and magnetostrictive

materials. (2 Vols.)
Agustin del Moral, Del Moral Publ., University of Zaragoza, 2008



Magnetostriccion Magnetoelasticidad
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PHYSICAL REVIEW B VOLUME 22, NUMBER § | SEPTEMBER 1980

Micromagnetics of twisted amorphous ribbons

A. Hernando M
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Magnetostriccion de aleaciones amorfas (Co,q,.,M,);5S1;5B1,




Anisotropia inducida por tension en aleaciones amorfas
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Anisotropia inducida por tension en aleaciones amorfas
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Magnetostriccion de aleaciones amorfas (Co,q,.M,);5Si;5B1¢
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PHYSICAL REVIEW B VOLUME 35, NUMBER 10 1 APRIL 1987

Temperature, stress, and structural-relaxation dependence of the magnetostriction
in (Coog, 94F€0.06)755115B10 glasses
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Temperature, stress, and structural-relaxation dependence of the magnetostriction
in (Coog, 94F€0.06)755115B 1o glasses
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Temperature, stress, and structural-relaxation dependence of the magnetostriction
in (Cog 94F €9 06)758115B 10 glasses
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Excitacion

RESONANCIA MAGNETOELASTICA
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RESONANCIA MAGNETOELASTICA

Oil Viscosity Sensor
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RESONANCIA MAGNETOELASTICA

Mass Sensor
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TABLEII
a AND b COEFFICIENTS-OBTAINED FROM
THE FIT TO EQUATION (3)

L(mm) a b
30 0.955 0.0488
20 0.841 0.0613
10 0.896 0.0046




MATERIALES MAGNETOELECTRICOS
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Cambridge MA, 2005 (MIT) FSMA, Bob O’Handley

Ni,MnGa 10¢
Estructura L2, (Heusler)
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Niz, ,Mn,, ,Ga,, , (= Ni,MnGa) polycrystal
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FIG. 1. Strain on cooling and heating under zero field and 1 T parallel or per-
pendicular to the measuring direction. The large contraction corresponds to the

martensitic transformation.
Appl. Phys. Letters, 100 (2012)
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FIG. 3. Longitudinal and transverse
magnetostriction measured at tempera- tures just
above (a) and below (b) the martensitic

transformation.

Appl. Phys. Letters, 100 (2012)
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Magnetic field induced
twin-boundary motion
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Una colaboracion muy duradera
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CRISTALINA

ESTRUCTURAS RNi,Si,
PrNi,Si,

TbNi,Si,

MAGNETICAS



é¢Neutrones en amorfos?

Mossbauer
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Neutrones en FSMA
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r%r' ;
% Site occupation & magnetism (excess Ni)

o

Heusler Ni49 Ni50 Ni52
Composition Ni-Mn-Ga (at%) 50-25-25 49-31-20 50-29-21 52-26-22
W = amu/FU 245 241 242 243
Measured Magnetization, o (emu/g) 95 80.0 84.3 84.0
Measured ng (up/FU) [cW/Naup] 4.17 3.44 3:63 3.64
np if excess Mn (and Ni) go to Ga sites,
off-site Mn are antiferromagnetic 4.17 3.42 3.61 4.06
(no neutron results) (+11.4%)
np if excess Ni goes to Mn sites (ferromagnetic) 4
and 3 off-site Mn are at Ga (antiferromagnetic) . - - 3.49
(using neutron data) \ (-4.0%)

Y
All Mn couple Excess Mn couples

anti-ferromagnetically

ferromagnetically
(Mn-Mn neighbors)

Phil. Mag., 87 (2007) 3437-3447



Site occupation & magnetism (defect Ni)

Mn/Mn

New Journal of Physics 13 (2011) 033039



Difraccion de monocristal

Cuatro circulos (D-10) Mapas de momento magnético
(Austenita)
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Neutrones polarizados

Momento magnético Austenita-Martensita

(a)
u(un/zr&’)

1.5,
1

Phys Rev Let, 119 (2017) 155701



Imanes permanentes sin Tierras Raras

R(FeM),, Zr1-xCexFe105Si2 (x=0.0, 0.3, 0.6) [ThMn ]
Ce content M (A-m? kg™ 1) toH, (T) a(A) c (A) alc
x=0.0 120 2.03 8.274 4,701 1.760
x=0.3 120 2.31 8.303 4,707 1.764
Xx=0.6 120 2.50 8.354 4724 1.768
10000
g : v T
g E5000 . - Zr0.4CGO‘6Fe1OSi2 ] 0006
5 “ 8
o ' 2
60.5 61.1 61.7 2 =
260 (deg.) £ . %
S 4.74- = ¢
'Es g 1§
by x=0.0
@ 4.731 1 0 0.000
8 - 0.000 0.0:)2 Aco?% '0.005 ' '
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400 500 600 700 800 As= 1500 ppm oo M3, campo cristalino El Ce no contribuye
Temperature (K) Origen puramente geométrico de la anisotropia

Journal of Alloys and Compounds 766 (2018) 291-296



BACTERIAS MAGNETOTACTICAS

c.‘.....

3o’

Bacterias Magnetotacticas como nano-bio-robots

Estas bacterias pueden utilizarse como robots biologicos para localizar
tumores, transportar drogas o para tratamientos de hipertermia en terapias
anticancerigenas (teragnosis)

Receptores de oxigeno
Control Flagelos i g

Propulsor ):4

Drogas
anticancer
Nanorobot Bacteria

Cadena magnética
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ASAMBLEA FUNDACIONAL
MADRID, 17 de Octubre de 2002

% 12 REUNION ANUAL

== BILBAO, 10 de Octubre de 2003

e i Jornada monografica: Imagenes magnéticas
magnetismo

12 CONVOCATORIA del PREMIO SALVADOR VELAYOS
MADRID (2008): Agustin del Moral y Eloisa Lopez

15 de Diciembre de 2006 Madrid, Saldn de Actos del Edificio Central del CSIC



Remedando al replicante
Roy Batty
de Blade Runner...
"

.

He visto cosas que vosotros no creeriais: Las luces de los
galvanémetros balisticos oscilando en la oscuridad en los
sotanos de la Complutense, laminar cintas amorfas en la
via del expreso Madrid-lrun y escribir articulos a maquina
con autéenticas copias de papel carbon. Todas esas
experiencias se perderan en el tiempo, como miles de

articulos sin leer en las papeleras...



iMuchas Gracias!



