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Acoustic metamaterials: outlook for the future

Ping Sheng

Department of Physics and Institute for Advanced Study, Hong Kong University of Science and Technology, Hong Kong 999077, China
E-mail: sheng@ust.hk

It has been almost a quarter of a century since the beginning of acoustic metamaterials. During that period, acoustic metamaterials
have developed from a scientific curiosity to become an active, diverse, and robust field, encompassing multiple research
directions and involving practitioners from almost all disciplines. It is now a legitimate question to ask: What will all these
activities lead to? While predicting the future is always risky, the developmental trajectories of some past scientific fields can
serve as a guide for looking ahead.

Let us trace the development of semiconductors and liquid crystals, as the two materials have led to inventions that have had
profound scientific and technological consequences. For semiconductors, the initial discovery of using dopants to locally alter
their electrical characteristics led to the invention of the solid-state transistor. This crossover from material physics to
technological breakthrough was instrumental in the subsequent developments, not only in technological advances in micro- and
nanoscale devices, but also in the initiation of mesoscopic physics, as well as a host of other scientific areas. For liquid crystals, the
same crossover from being a curious new state of matter characterized by not only positional order, but also orientational order, to
the technological realization of displays through the electrical manipulation of the interaction between light and orientational
order, has had a similar effect in opening up subsequent developments in displays, as well as serving as one of the two paradigms
for soft matter physics (the other one being polymers).

A common element in the above two examples is the commercialization of their broad application potential. The initial
excitement surrounding the discoveries of new physical phenomena inevitably led to their eventual engineering realization as low-
cost products that can either provide solutions to problems that were difficult for traditional means, or create new consumer
demands through new product capabilities. The commercialization step is important in providing the funds, directly or indirectly,
and motivation for further R&D activities. In contrast, there were other scientific discoveries that generated excitement and
research publication opportunities for a period of time, but in the absence of finding useful commercial applications, they can
gradually fade with diminishing R&D activities.

For acoustic metamaterials, characterized by the synergistic interaction between wave physics and the infinite possibilities of
geometric structures for defined wave functionalities, the field is now in the initial stage of commercialization for some of the
functionalities, e.g., acoustic absorption, with others in the various developmental stages that may offer capabilities not attainable
by traditional means. Here I wish to mention three areas: Nanoscale phononics, underwater acoustics, and sub-100 Hz acoustic
wave manipulations with thin samples. This remains a challenging area that, if realized by acoustic metamaterials, could have
broad implications for both scientific and technological developments.

Counting the number of appearances of “acoustic metamaterials” in the titles of publications, patents, and research proposals
may often be regarded as a reliable way to judge the rise or decline of this area. However, contrary to this popular view, the
disappearance of such terms from public view, while it may surely signal the “demise” of the research area, may also signal its
ultimate success. This fact can be simply illustrated by the following example. More than 20 years ago, “nanotechnology” or
“nanoscience” constituted a hot area of scientific and technological pursuit. Many research proposals were written with titles that
contained such terms. However, such terms no longer appear to be a topic for research pursuit because nanoscale has now diffused
into almost every scientific or technological endeavour. It is no longer a “hot” area, so to speak. Instead, it serves as the basic
foundation for many of the new physical phenomena, effects, and commercialized devices. The focus is now on these topics, and
the initial pursuit of nanotechnology has attained its ultimate success. The same could be the outlook for acoustic metamaterials.
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