
 

Einstein's magnetic effect is measured on
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In NIST's Einstein-de Haas experiment, the movements of a cantilever were
measured with an optical-fiber laser interferometer. The optical fiber is 125
micrometers in diameter, and the end is positioned less than 10 micrometers
from the cantilever surface. Credit: Credit: John Moreland/NIST

A gyromagnetic effect discovered by Albert Einstein and Dutch
physicist Wander Johannes de Haas--the rotation of an object caused by
a change in magnetization--has been measured at micrometer-scale
dimensions for the first time at the National Institute of Standards and
Technology.

The new method may be useful in the development and optimization of
thin film materials for read heads, memories and recording media for
magnetic data storage and spintronics, an emerging technology that relies
on the spin of electrons instead of their charge as in conventional
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electronics.

The Einstein-de Haas effect was first observed in experiments reported
in 1915, in which a large iron cylinder suspended by a glass wire was
made to rotate by an alternating magnetic field applied along the
cylinder's central axis. By contrast, the NIST experiments, described in
the Sept. 18 issue of Applied Physics Letters, measured the Einstein-de
Haas effect in a ferromagnetic thin film only 50 nanometers thick
deposited on a microcantilever--a tiny beam anchored at one end and
projecting into the air. An alternating magnetic field induced changes in
the magnetic state of the thin film, and the resulting torque bent the
cantilever up and down by just a few nanometers.

Using a laser interferometer to measure the movements of the cantilever
and comparing those data to changes in the magnetic state of the
material, researchers were able to determine the "magnetomechanical
ratio," or the extent to which the material twists in response to changes in
its magnetic state. The magnetomechanical ratio is related to another
important parameter, the "g-factor," a measure of the internal magnetic
rotation of the electrons in a material in a magnetic field.

The magnetomechanical ratio and the g-factor are critical in
understanding magnetization dynamics and designing magnetic materials
for data storage and spintronics applications, but they are extremely
difficult to determine accurately because of many potential complicating
effects.

The NIST experiments provide a proof-of-concept for using the Einstein-
de Haas effect to determine the magnetomechanical ratio and the related
g-factor in thin ferromagnetic films. The researchers note that a number
of improvements are possible, such as operating the cantilever system in
a vacuum to reduce the effects of any changes in temperature.
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