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Malleable matter: Designing disordered metamaterials
by natural aging
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Disordered solids are often out of equilibrium, evolving slowly as they age. The small incremental
changes inherent in the aging process reduce the internal stresses through microscopic plastic
deformations within the material. While often considered as merely a nuisance and detrimental to
reliable material design, aging can, in fact, also be used as a tool to create novel functionality.
Depending on the imposed strain, the system will evolve in different manners. We demonstrate this
behavior by manipulating the system in such a way that the imposed strains direct the aging to achieve
a desired response. We test our ideas both by tuning in a desired value of the Poisson’s ratio and by
programming an elastic signal pathway that transmits a strain from an input bond across the system to a
designated output. Our design strategy also works well in the non-linear regime, allowing responses
that depend on the magnitude of the strain. We argue that aging can be considered an optimization

process, and that the wealth of microscopic parameters allows the design of complex elastic behaviors.
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