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Causing a Big Racket with Tiny Magnets:
Emergent 1/f noise in collections

of oscillating nanomagnetic dots

On the tiniest scales, everything wiggles—this is one of the primary ideas to come from thermodynamics. Be it the
jiggling of atoms in a lattice, the erratic movement of electrons in a resistor, or the slow diffusion of particles through a lig-
uid, these random thermal processes help define how matter functions on the smallest scales. Random processes don’t
just exist on the nanoscale though; any sufficiently complicated system can exhibit effectively random behavior, from river
flood levels, to the ebb and flow of the stock market, to traffic patterns. Interestingly, a statistical analysis among all these
disparate systems shows each displays the same character of fluctuations, called 1/f noise for its frequency dependence on
power spectral density. Some in-roads have been made theorizing what types of underlying mechanisms could explain 1/f
noise in these systems, but experimental verification has proven difficult in any kind of top-down approach.

My research instead has focused on a bottom-up building of 1/f noise from well-characterized Random Telegraph
Noise (RTN) in magnetic nanodots. Usually a permanent magnet’s magnetization direction is fixed in place, but for small
enough magnets, pinning energies can be overcome by thermal fluctuations, causing the north pole of the magnet to jump
back and forth between two states. Using this two-state switching as a building block, collections of these tiny magnets
combine to show a 1/f noise signal, and both the number of RTN signals required to achieve 1/f and the size of the fluctua-
tions of individual RTN signals can give insight into 1/f noise observed in both other magnetic systems, and in noisy systems
in general.
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