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1. Metamaterial Physics Might Deserve A Nobel
Prize
If the Nobel Prize can be used to measure whether a field is
important or not, I would say that the field of metamaterial
physics plays the same role as those fields that have been
issued Nobel prizes in physics. See Fig. 1. Since the
seminal article by V. G. Veselago (June 13, 1929-September
15, 2018) in 1968 and especially the two other seminal
articles by J. B. Pendry and coauthors in 1996 and 1999, the
field of metamaterial physics has grown vigorously until
today. With the aid of the new concept of metamaterials,
many fundamental physics have been discovered in various

branches of physics, ranging from optics/electromagnetics
to elasticity/acoustics/mechanics/…… for wave systems,
and from thermotics to particle dynamics for diffusion
systems. As a result, various kinds of metamaterials were
theoretically designed and experimentally fabricated in such
branches. The special issue of Volume 6 (the previous volume)

and Volume 7 (this volume) focuses on the branch of
thermotics, namely, thermal metamaterials. The phrase
"thermal metamaterial" was first adopted in Ref. [1] to
name thermal cloaks (shields) and relevant devices
designed by using transformation thermotics for heat
conduction (diffusion) studied in the five references. 2-6

Fig. 1 A large number of novel physics and applications have arisen from metamaterials with arti-
ficial structures for wave systems and diffusion systems since 1968 and 2008, respectively. Both
waves and diffusion are two important methods for transferring energy.
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Owing to the existence of three ways of heat transfer (i. e.,
conduction, convection and radiation), nowadays the
connotation of "thermal metamaterial" has naturally been
extended to include metamaterials for controlling heat
convection and/or radiation. Incidentally, the wording
"thermal metamaterial" also contains some typical thermal
metadevices (whose novel functions are realized mainly
because of specific geometric structures), to comply with
the common usage in the literature.

2. Thermal Metamaterial: Past, Present, and Future
In 2008, my group and Chen's group predicted the concept
of novel thermal phenomena including thermal cloaking
one after another. 2,3 At the early stage (loosely speaking,
before 2014) of thermal metamaterials, many experiments
have been conducted to demonstrate the phenomenon of
thermal cloaking under various conditions, see Refs. [5-9].
Accordingly, this field received plenty of popular
attention10-12 (see also https://www. sciencemag. org/news/
2012/05/heat-trickery-paves-way-thermal-computers).

Thermal metamaterials mean those materials or
devices with artificial structures that can be used to control
heat conduction, convection and/or radiation in novel
manners. In this case, geometric structure (rather than
physical property) plays a dominating role. This fact makes
thermal metamaterials different from other materials
including thermoelectric materials, pyroelectric materials,
magnetocaloric materials, and photo thermal conversion
materials. For the latter, physical properties (rather than
geometric structures) play dominating roles instead.

So far, thermal metamaterials have aroused enormous
research interests, as also evidenced by Google search that

shows the search of "thermal metamaterials" occupies
29.6% of all kinds of "metamaterials" as of August 13, 2019.

To celebrate the fruitful progress of thermal metamaterials
and to prepare for the future challenges, I launched and chaired
a National Conference on Thermodynamics and Thermal
Metamaterials on July 18-19, 2019, in Fudan University,
Shanghai, China. About 40 participants attended the first
national conference, see Fig. 2. Fortunately for me, the editor-
in-chief Prof. Bingyang Cao and his editorial team of ES
Energy & Environment greatly support the conference, and
they also kindly accepted my proposal on publishing a special
section about the topic "Thermal metamaterials or
metadevices". Up to now, we have received 18 review or
research articles, which come not only from the attendees of
the conference, but also from the researchers abroad. In the
previous volume (Volume 6), we have published 8 research
articles and 1 review article. In this volume (Volume 7), we

publish the remaining 9 research articles. These articles cover the
active areas of thermal metamaterials or metadevices, such as
thermal cloaking, radiative cooling, programmable
metamaterials, thermal rectification, thermal illusion, and
thermal transparency.

3. Useful Theoretical Physics and Useful Theoretical
Thermotics
To design thermal metamaterials in the literature, analytic
theories have been extensively developed with a special focus
on transformation thermotics. Here I would prefer to call the
transformation thermotics and its extended theories together as
"theoretical thermotics", with an attempt to contribute them to
the discipline of "theoretical physics (statistical physics)". This
name could also remind the colleagues and latecomers to figure
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Fig. 2 Group photo: 2019 National Conference on Thermodynamics and Thermal Metamaterials,
held on July 18-19, 2019, in Fudan University, Shanghai, China.
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out the microscopic mechanisms for "theoretical thermotics"
(that, after all, mainly describes macroscopic thermal theories
for the time being), rather than to satisfy with the existing
macroscopic theories.

In a word, theoretical thermotics describes the theory of
transformation thermotics and its extended theories for the
active control of macroscopic thermal properties of artificial
systems, namely, metamaterials with artificial structures. Thus,
theoretical thermotics is in sharp contrast to classical
thermodynamics, which mainly comprises the four
thermodynamic laws with a particular emphasis on the passive
description of macroscopic thermal properties of natural
systems.

Clearly, theoretical thermotics can help to arbitrarily
design thermal metamaterials, which are further useful for
engineering techniques and applications,13 say, for designing
standard printed circuit boards,14,15 daytime radiative cooling,
16 and so on.

Consequently, thermal metamaterials make it possible
to control the flow of heat at will.

Notes: This editorial is adapted from the preface of my recent
monograph.17 Its previous version has been published in Volume
6.18 For its current version in this volume (Volume 7), some
modifications have been made for the sake of self-consistency.
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