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Fig. 1. Schematic diagram of the grating sample with normalized transmission spectrum, and normalized sound pressure distribu-

tion of the 1D grating: (a) Schematic diagram of the grating sample; (b) transmission spectrum of the plane wave through the grat-

ing sample; (c) the pressure field at resonant frequency of 39.6 kHz; (d) the pressure field at off resonant frequency of 38 kHz.
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Table 1.  Material acoustic parameters.
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Fig. 2. Spatial distribution of the normalized acoustic radi-
ation force on a one-dimensional sound grid for a foam
sphere with a radius of about r = 0.5 mm varying from
—1.5d to 1.5d in the X-direction and from 0.24d to 1.2d in
the Z-direction: (a) The black triangle arrow indicates the
direction of the acoustic radiation force, the color shade in-
dicates the size of the acoustic radiation force, and the gray
rectangle indicates the one-dimensional acoustic grid; (b) plot
of normalized acoustic radiation force F, (blue solid line)
versus F, (red solid line) for the change in position of the

foam sphere from —0.5d to 0.5d in the X-direction.

3 LIRWE

FRATTHE HE A 75 s SR SE G- 5 WA 3 FIR.
HLOIIEEN 40 kHz 128 SO i an i 2E YRR
PGS R AR AN s b AL i T
2%, B AR RS Ly W IRIOR AT B HEA A S
FI; BRARAUBCE AE 7 IO AR S 4.

024301-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 72, No. 2 (2023)

024301

skt
g

HEZHL

DRSS — EFkEs

B3 ARG IR AR 9L T 5 R BRI
Fig. 3. Schematic diagram of acoustic radiation force ma-

nipulation experimental platform.
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Fig. 4. Experimental effect of foam ball manipulation:
(a) Distribution of foam balls before ultrasonic opening;

(b) arrangement of foam balls after ultrasonic opening.
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Experimental investigation of multiple-particle pattern
based on one-dimensional grating resonance field"
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Abstract

Manipulation of particles by ultrasonic waves is a primary technique in the fields of precision
manufacturing, materials engineering, and in vitro diagnosis, since it can control the motion of objects in the
sound field in a contactless and noninvasive manner. In general, the free sound field, such as the focused field
and the plane wave generated by a single transducer can only manipulate a single particle. While the complex
field generated by a transducer array should be actuated by a complex electric control system, which makes the
manipulation device expensive and cumbersome. Thus, modulated acoustic field for particle manipulation is still
needed. Here, we experimental realize a one-dimensional acoustic grating to tune sound fields for the parallel
pattern of multiple particles. The physical mechanism is that due to the resonance coupling between the
periodic diffraction wave on the surface of the acoustic grating and the Fabry-Perot resonant sound field in the
acoustic grating slit, a periodical gradient sound field on the surface of the acoustic grating is induced. Then,
particles in the periodical gradient sound field can be trapped in two stable positions in one period of the
grating. These concepts and realizations of particle patterns in the acoustic grating pave the way for

implementing the parallel manipulation of particles in acoustic manipulation technologies.
Keywords: acoustic tweezers, acoustic radiation force, sound grating, particle pattern

PACS: 43.20.4g, 43.38.-p, 43.25.-x DOI: 10.7498/aps.72.20221793
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