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Abstract

Our investigation began with a childhood fascination with a swimming po%

where swiftly rotating our hands created vortices that effortlessly spun bubb
within swirling currents. This led us to wonder if this mesmerizing rotati n&
nomenon could also occur in air—a lighter, more universal medium. Jl;?s~ our
hands manipulated water, we found that acoustic levitation could ess' stand-
ing waves to manipulate air. During experiments, we unexpectei@erved the
rotational motion of levitated objects under specific parameter

This paper delves into the root cause of this rotation, focus key factors that
*

& . Through a novel

drive the angular velocity of objects in asymmetric acousti

experimental setup, we explored the existing torques IQ)ffering deeper insights
into the rotational dynamics of levitated particles. T Pndings aim to bridge the
research gap in acoustic levitation studies and hNotential applications in areas
where non-contact, precise manipulation is cri@, such as material science and

biotechnology.
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1 Motivation and Introduction b

Spin angular momentum is a universal feature, widely observed in natural syste

[11] including spin angular momentum in electromagnetic fields and even in ur%'
tum fields. Recently, researchers have demonstrated that spin angular mom&
can be carried by longitudinal sound wave[17], manifesting as a circulath?? the
fluid velocity field. In acoustics, spin angular momentum often descrj the rota-
tion of a local particle velocity vector field. [12] This phenomenon z
avenues for wave-matter interactions, such as the manipulation @

and has great potential applications in areas like drop dym

ened new
ted objects,
igh-temperature
material processing, and bioreactors, particularly due to t -contact nature of
acoustic levitation [5][18][14].

It is important to distinguish spin angular mow€nghm from orbital angular
momentum, which is commonly observed in acwc vortices. Acoustic vortices
generate helicoidal wavefronts with null—pressur@lters, creating structured paths
for manipulating levitated objects using lar ays of transducers[3]. Recent ad-
vances include the work of Junfei Li et aﬁdeveloped three-dimensional acoustic
tweezers using vortex streaming|9], d@.

structures in acoustic vortex field\##. Y hese studies rely on multiple transducers

ong et al, who explored potential-well

generating vortex fields throughephase-shifted sinusoidal signals. In contrast, spin

angular momentum is derive the rotation of the polarization[17], as described
by the particle velocity r, and has only recently begun to receive focused
study.[16]

Despite the extepsive®esearch on orbital angular momentum in acoustic vortices,
the spinning beh@aused by acoustic spin angular momentum remains under-
explored. WSi%évious studies have primarily focused on generating rotational

motion in ir using plex, multi-transducer setups, little has been done to

explo&ripﬂer mve generating spin angular momentum.
In thi tudy,@r posed a novel method for inducing spin angular momentum
an asymmesri oustic field using a single piezoelectric transducer and a curved
%tor. The cved reflector enhanced the acoustic field’s strength and created
v an asymmetry that induced rotational motion in levitated polystyrene spheres[20].

ow factors such as the X-offset between the transducer and reflector, the distance

The relationship between input voltage and the angular velocity of the spheres

& between the two, and the spinning behavior of the spheres were investigated.

was discussed. Our experimental results demonstrated a strong linear correlation

between these variables, indicating that angular velocity is proportional to the input



voltage. To verify these findings, MATLAB and COMSOL simulations to model the b
acoustic pressure and velocity fields were employed. The simulations showed strong

agreement with the experimental data, providing a comprehensive understandi%

of the system’s dynamics. $
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2 Experimental Setup and Numerical Simulation
Model

This section outlines the experimental setup and the numerical simulations 1@
investigate the rotational dynamics of levitated spheres in an asymmetriw ic
ul

field. The section is divided into multiple stages, including the generation tra-

sound, monitoring electrical signals, kinematic tracking, and Simulati@chniques

using MATLAB and COMSOL, ()

2.1 Experimental Setup ()\

2.1.1 Generation of Ultrasound and Mo 'to@)f Electrical Signals

O .

*
\ ub 2: Experimental Setup

The experiment: setup, as shown in Figure 2, can be broken down into three

trasound generation and signal monitoring system, the sup-

components

key components,
port and reflgc onfiguration, and the kinematic vision tracking system. These
ki % to create and observe the acoustic field that governs

the b&ior’of thalevitgted spheres.

To’genera the Mtrasound required for the levitation, a 40 kHz ultrasonic trans-
.
cd was used (¥s shown in Figure 3). The transducer requires high-power input,

VSO we employed a waveform generator and a power amplifier, connected in a con-

figuration that is illustrated in Figure 5.

The system’s waveform generator (UNI-T UTG6005B) outputs a sinusoidal
wave, while a dual-channel oscilloscope (UNI-T UTD2102CEX 100MHz) is used
for monitoring the waveforms. Channel 1 (CH1) monitors the waveform generated

by the waveform generator, and Channel 2 (CH2) captures the output waveform

&b
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; ’
2.1.2 Support Configuration, Reflector Fixture, and Three-Dimensional
Platform

The main levitation experiments were conducted in a 3-D space between the trans-
ducer and a reflector. The reflector fixture was mounted on a three-dimensional
platform, allowing precise displacement in the x, y, and z directions. These dis-

placements were measured using a vernier scale on the 3-D platform with a division
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Figure 6: Waveform Generator Reading Figure 7: Oscﬂloscope eagling Voltage
Frequency = 40kHz Input = 97.81V Q

0

scale of 0.0lmm (shown in Figure 10) ()

The reflector used in the experiments was a c\#fd}ical aluminum structure
(Figure 8) with a 40 mm diameter, a 40 mm MNght, and a curvature radius of
28 mm. Figure 9 illustrates the geometric peters of the reflector’s curved
surface[20]. The ultrasonic transducer was above the reflector, and the setup
was secured by drilling two holes (10 m@rt) in a square acrylic board using a
laser cutter. The transducer was mourkedgoh the board and connected to both the
power amplifier and the Waveforn%rator. The entire structure was stabilized
using a clamp on an iron frar%tan " A spirit level ensured that the transducer’s

plane remained horizontal

Klnematlc@l Tracking System

To record the al dynamics of levitated spheres, we employed a high-speed

camera, ( 1k& capa f capturing high-quality video at 120 frames per second.
The cagpera wa; % 1 a tripod with three-axis locks to ensure stability during

recordl Phe built-in digital level helped ensure both horizontal and
verticgt align g minimize parallax error, we adjusted the tripod height and
%Wred thmera’s screen until the reflector and transducer were precisely
va sNed along a horizontal axis.

(b For capturing the high-speed rotation of the spheres, the camera was set to a
Q shutter speed of 1/4000s, with an aperture of f/9 and an ISO of 4000. To ensure

(v sufficient lighting, two lamps were used—one positioned to illuminate the y-plane
and another placed behind the levitation system to light up the x-plane (shown in
Figure 12)
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