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Acoustic Metasurfaces: Physics Overview 
E Q UAT I ON S :

FIG 1. Generalized Snell’s Law graphed

with two mediums separated by an acoustic

metasurface, showing angle of incidence

(𝜃𝑖 ), angle of reflection (𝜃1 ), angle of

transmission (𝜃𝑡), and phase discontinuity

(𝜑(𝑥)) [1].

1) Reflection acoustic path

2) Differentiating, set equal to 0

3) Simplification of eqn. 2

4) Non-linear relationship between 𝜃𝑟
and 𝜃𝑖

5) Transmitted acoustic path

6) Differentiating, set equal to 0

7) Simplification of eqn. 6

8) Linear dependance (𝜑(𝑥 )=𝛽𝑥) 
simplification (if independent eqn. 4 & 
7, recover conventional Snell’s Law)

9) Simplification of eqn. 8

G E N E R A L IZE D  S N E L L’ S  L AW :



Acoustic Metasurfaces: Designs



Acoustic Metasurfaces: Reflection
R E F L E CT I ON T Y P E  M E TA SUR FACE :

FIG 2. a. Schematic of

acoustic reflection metasurface

with with 𝑎𝑥 and height 𝑎𝑦 ,

channel width d, b. phase shifted

waves reflected of different

configurations, where (3,2)

represents 3 plates on top and 2

plates on bottom, c. 3D-printed

coiling-up space type

metasurface [1].



Acoustic Metasurfaces: Transmission
T R A N S MI S S IO N T Y P E  M E TA SUR FACE :

FIG 3. Top. Phase distribution

of metasurface will produce

letter A on image plane, middle.

shows simulated approach,

bottom. shows experimental

approach. Displayed a different

thickness [1].



Acoustic Metasurfaces: Absorption
A B S O R PT I O N T Y P E  M E TA S UR FACE :

FIG 4. Schematic of an

impedance matched metasurface

of radius a, a reflecting hard

surface, sandwiched between a

gas sealed cell of depth, s [1].



Acoustic Metasurfaces: Innovative 
Programmable Method

FIG 5. a. Schematic design

for a programmable acoustic

metasurface, b. Control

system diagram, c. section

view of parameters, able to

manipulate acoustic wave by

controlling opening size [3].



Summary



Thank You
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