
THEORETICAL ASPECTS OF SINGLE-BEAM MULTITRAPPING ACOUSTICAL TWEEZERS

Glauber T. SILVA1,*

1 Physical Acoustics Group, Institute of Physics, Federal University of Alagoas, Maceió AL, 57072-900, Brazil

*Corresponding author: glauber@pq.cnpq.br

1 Abstract
The concept of a multitrapping acoustical tweezer

based on a focused ultrasound beam is presented and
theoretically investigated. The beam is described in the
paraxial approximation and it is generated by a concave
transducer. The resulting focused beam  exerts a
radiation force on a small particle that is much smaller
than the incident wavelength (i.e. the so-called Rayleigh
scattering regime). It is shown that several trapping
points are developed in  the pre-focal zone (i.e. the
region between the transducer and its geometric focus
point) along the beam axial direction.  Additionally, the
possibility of using  a zeroth-order Bessel and a
Gaussian focused beam as a multitrapping acoustical
tweezer is analysed.

2 Introduction
Noncontact  particle handling based on optical [1]

and acoustica [2] radiation forces is promoting a
revolution in biotechnlogy and biomedical applications.
In acoustics, different schemes to produce the radiation
force such as standing wave [2] and focused beams [3]
have been employed or proposed. Recently, Mitri [4]
demonstrated that a negative acoustic radiation force
(i.e. the radiation force and the wave propagation are in
opposite directions) can be produced by a circular
piston radiator on a sphere in the source nearfield at
different depths along the beam axis. This result has
motivated us to analyse the possibility of producing  an
acoustical tweezer with multitrapping points in 3D.

In particular, we are interested on investigating if an
ultrasound focused beam can  trap small particles (i.e.
the particle is much smaller that the incident
wavelength) in the pre-focal zone. This leads to the
concept of single-beam multitrapping acoustical
tweezer. Obviously this device has an advantage of
trapping  different particles  simultaneously at different
depths by the acoustic radiation force generated with
the ultrasound focused beam.

In this work, a theoretical analysis of the radiation
force  of a multitrapping acoustical tweezer acting on a
small particle (fused quartz and benzene) suspended in
water is performed through computational simulations.
An spherically focused ultrasound transducer
uniformly excited generates the incident  beam. The

particle can be located anywhere in the radiated
ultrasound field. Moreover, nonuniform excitation of
the transducer is used to produce focused zeroth-order
Bessel and Guassian beams.

Resuts show that several trapping points (axially and
transversely) arise in the pre-focal zone of the
transducer. In addition, we will discuss the stability of
the trapping points in terms of the particle parameters
such as density, compressibility, and ultrasound
absorption.

3 Acoustic radiation force on a Rayleigh particle
The acoustic radiation force arises on the suspended

particle due to the momentum transferring from the
incident beam to the particle. In second-order
approximation of the pressure amplitude, the radiation
force is the result of the normal component of the
radiation stress tensor integrated over the particle
surface. It can be shown that in the Rayleigh scattering
regime, the acoustic radiation force exerted on a particle
has three components as follows [5] Frad = Fabs + Fgrad+
Fscat, where Fabs is due to ultrasound absorption in the
particle, Fgrad depends on the gradient of the acoustic
potential and kinetic energy densities of the incident
beam, and Fscat is related to the scattered waves by the
particle. Both absorbing and scattering radiation forces
depend on the time-averaged incident intensity.

To calculate the acoustic energy density and the
intensity of the incident beam to the particle for a
concave transducer, we use the integral solution for a
focused beam in the paraxial approximation given in
Ref. [6].

4 Numerical results and conclusion
To illustrate the feasibility of multitrapping

acoustical tweezer, we compute the axial and transverse
radiation force on benzene droplet of radius suspended
in water. The radius of the droplet is 58 mu m. The
focused transducer has aperture 50 mm and curvature
radius of 70 mm. The transducer is driven at 1 MHz.

In Fig. 1, we show the axial radiation force. We
notice  three trapping points in the pre-focal zone. The
scattering and the absorbing radiation forces push the
particle forwardly along the beam propagation
direction. This tends to weaken the axial stability of the
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trapping points. In this case, these forces are too weak
to break the axial stability seen in the pre-focal zone.

In conclusion, feasibility of a single-beam
multitrapping acoustical tweezer was theoretically
demonstrated. We believe that this concept represents
an advance in the design of acoustical tweezer devices.

Figure 1 The axial radiation force exerted by a focused beam
on a benzene droplet. In the pre-focal zone
~z < 1, we notice at least three trapping points. The absorbing
and the scattering radiation forces are also illustrated.
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