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Crumpled Mylar found to hold memory of
how long it was crumpled

February 24 2017, by Bob Yirka

(a) A network of creases decorating the face of an unfolded crumpled ball of
Mpylar. Inset: a crumpled Mylar ball. (b) Stress relaxation of the crumpled Mylar
ball. Credit: arXiv:1608.02429 [cond-mat.soft]

(Phys.org)—A small team of researchers at Harvard University has
found that crumpled sheets of Mylar hold a memory of how long they
were crumpled. In their paper published in the journal Physical Review
Letters, the group describes experiments they conducted in their lab with
Mylar and tubes affixed with pressure measuring devices and what they
learned about the disordered mechanical system.
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Physicists have been grappling with disordered mechanical systems for
quite some time, and compared to other areas of study, have made little
progress toward understanding them. One example is the way that glass
responds when it is heated and then allowed to cool—it behaves like a
flowing viscous liquid, and nobody has been able to explain why.
Another example is the way grain (or sand) settles in a pile. In this new
effort, the researchers studied sheets of crumpled Mylar—previous
studies have shown that the thin metal (often used in gum or candy
wrappers), when crumpled and held down by a weight, inexplicably loses
volume logarithmically over several weeks.

This time around, the team crumpled sheets of Mylar randomly and
individually stuffed them into plastic tubes and then placed a weight atop
each. After a set amount of time, they pulled the weight back a bit to
ease pressure on the Mylar and then timed how long it took for the
crumpled sheet to stop exerting an upward force against the weight.
After repeating the same experiment for different lengths of time, the
researchers were surprised to find that the time it took for the crumpled
sheet to stop pushing back was proportional to the amount of time that it
had been smashed down—the sheet somehow "remembered" how long it
had been smooshed. The researchers freely admit they have no idea how
a Mylar sheet can retain such a memory.

Such experiments demonstrate not only the difficulty in understanding
disordered mechanical systems but adds to a growing body of evidence
that suggests such systems might have more in common with disordered
molecular systems than has been thought. This experiment in particular
also adds another member to the list of materials that somehow "know"
or "remember" things, but defy explanation as to how they do it.

More information: Yoav Lahini et al. Nonmonotonic Aging and
Memory Retention in Disordered Mechanical Systems, Physical Review
Letters (2017). DOI: 10.1103/PhysRevl ett.118.085501 , On Arxiv:
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https://phys.org/tags/viscous+liquid/
http://dx.doi.org/10.1103/PhysRevLett.118.085501
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ABSTRACT

We observe nonmonotonic aging and memory effects, two hallmarks of
glassy dynamics, in two disordered mechanical systems: crumpled thin
sheets and elastic foams. Under fixed compression, both systems exhibit
monotonic nonexponential relaxation. However, when after a certain
waiting time the compression is partially reduced, both systems exhibit a
nonmonotonic response: the normal force first increases over many
minutes or even hours until reaching a peak value, and only then is
relaxation resumed. The peak time scales linearly with the waiting time,
indicating that these systems retain long-lasting memory of previous
conditions. Our results and the measured scaling relations are in good
agreement with a theoretical model recently used to describe
observations of monotonic aging in several glassy systems, suggesting
that the nonmonotonic behavior may be generic and that athermal
systems can show genuine glassy behavior.
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