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It is known that both wave and diffusion are two

important methods for transferring energy or

matter, which are described by wave and

diffusion equations, respectively. In contrast to

wave equations [1–3], it is still far from being

satisfactory to apply periodicity to design

materials that are described by diffusion

equations [4]. By developing an effective

medium theory including periodicity, here we

experimentally show that non-uniform media

can exhibit quasi-uniform heat conduction. This

provides capabilities in proposing Janus thermal

illusion and illusion thermal rectification which

may have potential applications for military.

We consider a two-dimensional binary

composite, where many elliptic particles of

thermal conductivity 𝜅1 and area fraction 𝑝 are

periodically embedded in a matrix of 𝜅2 and

1 − 𝑝. All the particles have their long (or short)

axes aligned along 𝑥 (or 𝑦) direction, whose

shape factors characterizing the shape of the

particles are 𝐿𝑖 with 𝑖 = 𝑥 or 𝑦 along 𝑥 (or 𝑦)

direction. Here, 𝐿𝑥 + 𝐿𝑦 = 1 and 𝐿𝑥 = 𝐿𝑦 =

0.5 for circular particles. We denote the local

thermal gradient field inside the particles by

𝛻𝑇1, and that inside the matrix by 𝛻𝑇2.
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Ⅰ. Introduction

Ⅱ. Method

𝜅𝑒 =
𝑝𝜅1 𝛻𝑇1 + 1 − 𝑝 𝜅2 𝛻𝑇2
𝑝 𝛻𝑇1 + 1 − 𝑝 𝛻𝑇2

(1)

𝛻𝑇1 =
𝜅2

𝐿𝑖𝜅1 + 1 − 𝐿𝑖 𝜅2
𝛻𝑇2 (2)

Ⅲ. Quasi-uniform heat conduction

Fig. 1 Six samples illustrating the concept of 

quasi-uniform heat conduction.  

Ⅳ. Janus thermal illusion

Fig. 2 Experimental and simulation results of 

Janus thermal illusion.

Ⅴ. Illusion thermal diode

Fig. 3 Simulation results of illusion thermal 

diode.

To sum up, our work not only opens a door for

designing novel periodic composites in thermal

camouflage and heat rectification, but also holds

for achieving similar composites in other

disciplines like electrostatics, magnetostatics

and particle dynamics.

Ⅵ. Conclusion
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