
Phonon transmission through a nonlocal metamaterial slab 

– Supplementary Materials 

Yi Chen1*, Ke Wang1,2, Muamer Kadic3, Sebastien Guenneau4, Changguo Wang2, and Martin Wegener1,5 

1Institute of Applied Physics, Karlsruhe Institute of Technology (KIT), Karlsruhe 76128, Germany. 
2Center for Composite Materials, Harbin Institute of Technology, Harbin 150001, P.R. China. 

3Institut FEMTO-ST, UMR 6174, CNRS, Université de Bourgogne Franche-Comté, Besançon 25030, 

France. 
4UMI 2004 Abraham de Moivre-CNRS, Imperial College London, London SW7 2AZ, United Kingdom 

5Institute of Nanotechnology, Karlsruhe Institute of Technology (KIT), Karlsruhe 76128, Germany. 

 

*Correspondence to: yi.chen@partner.kit.edu (Y.C.) 

 

  



Supplementary Note 1. Conditions of bound states in the continuum (BIC) 

In the main paper, the BIC condition and frequency are provided for the simplest non-trivial case 

with 𝑁𝑁 = 3 and 𝐿𝐿/𝑎𝑎 = 4. The BIC condition and frequency can be derived by analyzing eigenmodes of the 

small mass-and-spring system. The slab (cf. Fig. 1) contains in total five masses coupled by springs with 

spring constant 𝐾𝐾1 and 𝐾𝐾3. Newton’s law of motion for the five masses write as 
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where, 𝑢𝑢𝑖𝑖  (𝑖𝑖 = 1,2 … 5) corresponds to the displacement of the five masses from left to right, and 𝑢̈𝑢𝑖𝑖 

stands for secod-order derivative with respect to time. By assuming a time harmonic solution, 𝑢𝑢𝑖𝑖 =

𝑢𝑢�𝑖𝑖exp (−𝑖𝑖𝑖𝑖𝑖𝑖) with 𝜔𝜔 being the angular frequency, we derive the following eigenfrequency problem 
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𝑚𝑚𝜔𝜔2 − 𝐾𝐾1 − 𝐾𝐾3 𝐾𝐾1 0 𝐾𝐾3 0
𝐾𝐾1 𝑚𝑚𝜔𝜔2 − 2𝐾𝐾1 − 𝐾𝐾3 𝐾𝐾1 0 𝐾𝐾3
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where 𝐮𝐮 =  (𝑢𝑢�1 𝑢𝑢�2 𝑢𝑢�3 𝑢𝑢�4 𝑢𝑢�5)T  for simplicity. By demanding the first and the last masses have 

zero-displacements, i.e. 𝑢𝑢�1 = 𝑢𝑢�5 = 0, we have the conditions of BIC 𝐾𝐾3/𝐾𝐾1 = 1. In total, we obtain five 

eigenfrequencies and eigenmodes 

 

      𝜔𝜔1 = 0,             𝐮𝐮 = (1 1 1 1 1)T

         𝜔𝜔2 = �2𝐾𝐾3
𝑚𝑚

,      𝐮𝐮 = (−1 0 0 0 1)T

         𝜔𝜔3 = �2𝐾𝐾3
𝑚𝑚

,      𝐮𝐮 = (−1 0 1 0 0)T

         𝜔𝜔4 = �3𝐾𝐾3
𝑚𝑚

,      𝐮𝐮 = (0 −1 0 1 0)T

            𝜔𝜔5 = �5𝐾𝐾3
𝑚𝑚

,      𝐮𝐮 = (2 −3 2 −3 2)T

. (S3) 

The fourth eigenfrequency 𝜔𝜔4 is the same as Eq. (12) in the main paper. For the corresponding eigenmode, 

the two masses on both ends have zero displacements as wanted.  

  



 

Supplementary Figure 1. As Fig. 3(a), but for different relative slab thicknesses 𝑳𝑳/𝒂𝒂. (a) - (d) 𝐿𝐿/𝑎𝑎 = 8, 
𝐿𝐿/𝑎𝑎 = 12, 𝐿𝐿/𝑎𝑎 = 16, and 𝐿𝐿/𝑎𝑎 = 20, respectively.  BIC points are marked by arrows. In the hatched region 
above the cut-off frequency 𝜔𝜔/𝜔𝜔0 = 1.0, waves cannot propagate in the surrounding medium. 

 



 

Supplementary Figure 2: As Fig. 6, but for different relative thicknesses of the slab. (a) - (d) 𝐿𝐿/𝑎𝑎 = 8, 
𝐿𝐿/𝑎𝑎 = 12, 𝐿𝐿/𝑎𝑎 = 16, and 𝐿𝐿/𝑎𝑎 = 20, respectively. It can be seen that the number of BIC points marked 
by arrows increases with increasing relative slab thickness 𝐿𝐿/𝑎𝑎. 
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