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Fig. 1. (a) Schematic diagram of the flat one-dimensional structured acoustic waveguide; (b) dispersion relation curves for different
waveguide widths W ; (c) plotting of the forward-backward transmission ratio fluctuation with frequency of acoustic surface wave
propagation along the waveguide; (d) directional excitation of acoustic surface waves along the waveguide propagating to the left by
a clockwise rotating spin acoustic sources, W =10 cm, f = 0.93 kHz; (e) density distribution of the acoustic spin angular mo-
mentum of the acoustic surface waves; (f) variation of the acoustic pressure strength along the waveguide for the directionally ex-
cited leftward propagation of an acoustic surface wave; (g) directional excitation of acoustic surface waves along the waveguide
propagating to the left by the counterclockwise rotating spin acoustic sources; (h) acoustic spin angular momentum density distribu-
tion of acoustic surface waves; (i) plot illustrates the variation in sound pressure intensity for the rightward propagation of the

acoustic surface waves along the waveguide.
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Fig. 2. (a) Experimental setup; (b) directional excitation of acoustic surface waves along waveguides by clockwise and counterclock-

wise rotating spin acoustic sources, f = 1.69 kHz; (c) simulation, acoustic pressure intensity variation of acoustic surface waves

propagating along a waveguide; (d) experiment, acoustic pressure intensity variation of acoustic surface waves propagating along a

waveguide.
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Fig. 3. (a) Schematic diagram of an acoustic waveguide with a concave one-dimensional structure and the variation of the forward-
to-backward transmission ratio of an acoustic surface wave along the waveguide as a function of frequency; (b) directional excita-
tion of acoustic surface waves along waveguides by clockwise and counterclockwise rotating spin acoustic sources, f = 0.75kHz;
(c) spin angular momentum density distribution on the concave waveguide; (d) schematic diagram of an up-convex one-dimensional
structured acoustic waveguide and the variation of the forward-backward transmission ratio of acoustic surface waves along the
waveguide with frequency; (e) directional excitation of acoustic surface waves along waveguides by clockwise and counterclockwise

rotating spin acoustic sources, f = 0.75 kHz ; (f) spin angular momentum density distribution on the upper convex waveguide.
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Fig. 4. (a) Schematic diagram of an acoustic waveguide with a concave one-dimensional structure and the variation of the forward-
to-backward transmission ratio of an acoustic surface wave along the waveguide as a function of frequency; (b) directional propaga-
tion of acoustic surface waves along the waveguide directionally excited by the clockwise and counterclockwise rotating spin acous-
tic sources, f =0.79 kHz; (c) spin angular momentum density distribution on the concave waveguide; (d) schematic diagram of an
up-convex one-dimensional structured acoustic waveguide and the variation of the forward-backward transmission ratio of acoustic
surface waves along the waveguide with frequency; (e) directional propagation of acoustic surface waves along the waveguide direc-
tionally excited by the clockwise and counterclockwise rotating spin acoustic sources, f = 1.0 kHz; (f) spin angular momentum

density distribution on the upper convex waveguide.
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Fig. 5. (a) Schematic diagram of a one-dimensional structured acoustic waveguide with the wave crest as the center of symmetry

and the variation of the forward-backward transmission ratio of acoustic surface waves along the waveguide as a function of fre-

quency; (b) directional excitation of acoustic surface waves propagating along the waveguide by the clockwise and counterclockwise

rotating spin acoustic sources, f = 0.91kHz; (c) density distribution of spin angular momentum on the waveguide with the crest

as the center of symmetry.
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Manipulation of directional acoustic spin angular momentum
density based on gradient-structured waveguides®
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1) (School of Mechanics and Photoelectric Physics, Anhui University of Science and Technology, Huainan 232001, China)
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Abstract

In recent years, the discovery of the transverse spin of acoustic wave in a structural acoustic field and
acoustic structural surface wave has expanded our knowledge of the basic characteristics of acoustic waves and
opened up new avenues for their manipulation. On the structured surface, however, the distribution of acoustic
surface waves often presents a uniform distribution, which restricts the local modification of acoustic spin
angular momentum and particle manipulation capabilities. In this study, we develop some acoustic waveguides
with gradients that are flat, up-convex, and down-concave in order to manipulate the lateral spin distributions
of acoustic surface waves. We verify the direction-locking near-field acoustic spin-momentum, explore the
pressure field distribution and the spin angular momentum density distribution of a spin acoustic source excited
in each of the three gradient structures, and we also show how to manipulate the spin intensity distributions of
acoustic surface waves in the gradient waveguides through theoretical analysis and numerical simulation. The
numerical calculation results show that when the acoustic surface wave is excited by a clockwise rotating spin
source and propagates along the left side of the waveguide, the spin angular momentum density is positive on
the upper surface of the structured waveguide and negative on the lower surface. The spin angular momentum
distribution and the direction of propagation of acoustic wave are entirely changed when the spin source is
rotated counterclockwise. Specifically, an unequal distribution of acoustic spin angular momentum is produced
by the upper convex-type waveguide and bottom concave-type waveguide when we convert the flat-type
acoustic structure waveguide into a gradient-type waveguide. According to the computation results, the down-
concave type waveguide exhibits a stronger density of acoustic spin angular momentum at the end and the
acoustic surface waves gather at the end of the constructed waveguide. On the other hand, the waveguide
collects acoustic waves close to the structure center when it is an up-convex structural waveguide. The findings
can open up new avenues for manipulating particles using acoustic waves, by providing a means for controlling
the acoustic spin angular momentum density and improving our understanding of symmetry in acoustic near-

field physics.

Keywords: acoustic metamaterials, acoustic spin angular momentum, unidirectional sound propagation,

gradient acoustic waveguides
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