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Magnetostriction is a property of magnetic materials that causes them to change their shape
when subjected to a magnetic field. It was first observed in 1842 by J. Joule in a Ni sample. It
is a manifestation of the spin-orbit coupling.

Magnetostrictive materials are used to convert magnetic into kinetic energy and vice versa, i.
e. they are utilized in actuators and sensors. Key parameters for application are the achievable
strain and stress, working field and temperature. Maximum ordinary magnetostriction reaches
values of 0.2 % in a field of H = 2 kOe for Terfenol-D (TbxDy1-xFe2). However, strains can
be in the range of several percent if the magnetic field drives a reorientation of the crystal
structure (by moving twin boundaries like in a martensite) or even induces a different phase.
Both mechanisms are found in magnetic shape memory alloys which show record strains up
to 10 %.

This lecture introduces the fundamental mechanisms of magnetostriction and the resulting
requirements for materials. Some of the currently studied magnetic shape memory alloys are
discussed.
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Fig.1: a) to d) Magnetically induced structure reorientation in a magnetic shape memory alloy.
Field-induced movement of a twin boundary causes strains up to 10 %. e) The field reversal is strain-
free. f) Recovery of initial state by compressive stress.
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Fig.2: Field-induced transition between a ferromagnetic martensitic and a paramagnetic austenitic
phase during an actuation cycle of MIM (magnetically induced martensite) type. MF and AF mark the
martensitic and austenitic finish temperature, respectively.
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