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& (57) Abstract: The invention covers the field of positioning of small particles (58, 59) in a fluid (55). Disclosed is a method by

& which small particles (58, 59) are positioned by a sound field. For generating the sound field an apparatus contains a plate (51)

O excited to vibrations by a transducer (52) and a reflecting body with a rigid surface (54). A mounting (53) holds the vibrating plate

O (51) and the transducer (52). The particles will be concentrated at predetermined positions either at the rigid surface of the reflecting
body (58) or levitating in the fluid (59). Due to the fact that the sound waves are emitted by the vibrating plate particles can be
positioned in entire area between the vibrating plate and the reflecting body.
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Method for positioning small particles in a fluid

The invention is related to a method of non-contact separa-
tion, concentration, positioning and micromanipulation of
small particles by acoustic forces in a fluid according to
the preamble of claim 1.

The handling of small particles is necessary in numerous
fields, for instance in microtechnology for the assembly of
components, in biotechnology for the manipulation of cells or
in chemistry for dealing with small quantities of chemicals.
However, in the sub-millimeter range arise many problems that
do not occur or are unimportant in the larger scale: in the
humidity of the normal atmosphere particles stick to the in-
struments due to capillary forces or components of a mecha-
nism in sub-millimeter scale have structures on it which
might be damaged when touched with conventional tweezers.
This and similar problems can be avoided by using non-contact
manipulation, where non-contact does not necessarily mean
without contact to any material at all but without contact to
solid instruments. As examples electrostatic manipulation or
optical trapping shall be mentioned.

A major field where acoustical forces are used concerns
acoustical filters. Two phases, where at least one is liquid
or gaseous, are separated from each other. Usually a standing
ultrasound wave is generated and particles are concentrated
at certain locations in the standing wave depending on their
material properties and outer forces. The frequency of the
acoustical wave lies generally in the megahertz-range. To ex-
cite the ultrasound almost every application uses piezo-elec-
tric transducers in general driven at the resonance fre-
quency. The European Patent Application EP 0 633 049 Al in-
troduces such a method using a stacked transducer consisting
of a piezo-electric layer. When the particles are concen-
trated at predetermined positions they can be removed from
the fluid. This can be achieved when the direction of the
planes where the particles are collected and the direction of
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the flow of the cleared fluid are oblique to each other like
described in the European Patent Application EP 0 380 194 Al.
Another method introduces U.S. Pat. No. 4,983,189, where the
particles are moved by using a beat frequency to excite the
ultrasound.

Applications for acoustic filtering often get by with simple
standing waves. However to use ultrasonic forces for
manipulation or positioning of particles a more complicated
sound field is required. It might be spatially two- or three-
dimensional or its excitation might be amplitude- or phase-
modulated. For example in the U.S. Pat. No. 4,736,815 an ap-
paratus is described for levitating an object acoustically.
The object is placed in a container whose length is changed
accordingly to the excitation frequency. The disadvantage is
that the object can only be positioned in this special con-
tainer.

An apparatus with a two-dimensional ultrasound field in a
fluid is introduced in the U.S. Pat. No. 5,006,266. Two one-
dimensional ultrasound beams intersect each other with an ar-
bitrary angle. The beams are formed either by one or two
transducers per beam or by reflection of an ultrasound beam
on a plane surface. Particles suspended in the fluid are con-
centrated at predetermined positions in the sound field.
These positions can be changed either by displacing the 1i-
quid or by displacing the array of intersecting nodal fronts.

A modulated excitation of the ultrasound is explained in the
European Patent Application EP 0 773 055 A2. In the fluid su-
perposed ultrasound beams of different amplitudes, frequen-
cies and phase are generated to produce an arbitrary-shaped
spatial distribution of the potential energy. A plane surface
with particles on it is placed in such an ultrasound beam
parallel to its propagation direction. The spatial distribu-
tion of the potential energy has a rectangular shape. This
shall force the particles to locations where the potential
energy has its minima and arrange them in lines. However, the
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force acting on particles does not depend on the amplitude of
the potential energy but on its gradient. Therefore a rectan-
gular shaped energy distribution, as suggested in

EP 0 773 055 A2, will only create a force field which is al-
most everywhere zero. It is only non-zero at this points
where the rectangular energy distribution has a step.

In order to excite an ultrasound field capable to manipulate
particles the inventors of U.S. Pat. No. 6,055,859 and U.S.
Pat. No. 6,216,538 Bl use a plurality of ultrasound transduc-
ers, functioning independently of each other. The resulting
sound field is a superposition of the sound field from each
of the transducers. To form a sound field that traps and
moves particles a complex control device is necessary. Each
transducer needs its own excitation signal, differing in
time, amplitude and wave form.

A method to trap a particle with two focused ultrasound beams
was introduced by J. R. Wu (“Acoustical Tweezers”, Journal of
the Acoustical Society of America 1991; Vol. 89, Iss. 5, pp.
2140-2143) . The ultrasound beams are generated by piezo
shells. The particle can be moved by either tuning the fre-
quency of the excitation or by moving the transducers.

The aim of the present invention is to provide a method for
the micromanipulation of small particles, which allows sepa-
ration, concentration or positioning of particles in one, two
or three dimensions. Furthermore, an apparatus to carry out
the method should be less complicated and the necessary con-
trol device can be simplified.

The present invention provides a method for positioning small
particles according to claim 1.

Due to the method steps, that

- exciting said body to vibrations by a transducer;

- reflecting said acoustic waves off of the surface of other
bodies to form a sound field in which said acoustic forces
appear;
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the invention provides the emission of sound waves and the
application of the said acoustical forces over a relatively
large area in the fluid and allows a more precise separation,
concentration or positioning of particles within the said
fluid.

Further advantageous embodiments of the present invention are
set out in the dependent claims.

In order to facilitate the understanding of the present in-

vention, the following definitions are introduced:

i) A standing wave or stationary wave is a mechanical wave,
whose amplitude of the characteristic property (e.g.
displacement, pressure) is only a function of the spa-
tial coordinates and is independent from time. The pro-
file of the wave does not move through the medium; a
standing wave has spatially fixed points where its am-
plitude is zero (“nodes”) or maximal (“antinodes” or
“loops”). A standing wave is the result of several
superposed propagating waves.

ii) Sound or ultrasound is a mechanical propagating or stan-
ding longitudinal or transversal wave in a fluid or
solid. Ultrasound is assumed to have a frequency of more
than 20 kHz, but the described principle can also work
below that frequency. The terms sound and ultrasound are
used synonymously in this description.

iii) A fluid is any liquid or gaseous material.

iv) A particle is a solid body, liquid droplet, a cell or
any cohesive material that is suspended in a fluid and
has a specifiable border to the fluid. The particle has
different material properties in respect to the fluid.

v) In this publication manipulation means an action that
can be done with a particle in a fluid, like
positioning, moving or separation from particle and
fluid. Separation means to concentrate many particles in
a way that the number of particles per volume element in
the fluid is raised at predetermined positions.
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vi)

vii)

In this description an acoustic force (or radiation
force) refers to the mean force that is acting on a par-
ticle in a sound field. Acoustic force does not mean
forces due to viscosity, fluid flow or the like.

A plate wave means a wave that propagates in a plate
parallel to its surfaces. It is assumed that the wave
length of the plate wave is not much smaller than the
plate’s thickness. A one-dimensional plate wave hasg a
plane wave front and propagates in one direction. A two-
dimensional plate wave is a superposition of two one-di-
mensional plate waves. The plate wave is similar to a
Lamb wave, but the surfaces of the plate are not trac-
tion-free.

Brief descriptions of the drawings:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1 shows the emission of a sound wave into a fluid by
a propagating surface wave.

2 shows a standing sound field generated by a stan-
ding surface wave and reflection.

3 shows the distribution of the force potential for a
glass sphere in water with a spatially two-dimen-
sional sound field.

4 shows the force distribution on a sphere according
to the force potential shown in Fig. 3.

5a and Fig. 5b show the preferred example of the appa-
ratus, where in Fig. 5a the excitation is off.

6a shows an arrangement of the vibrating plate, the
transducer and the mounting for the excitation of a
one-dimensional plate wave. The plate is drawn per-
forming vibrations.

6b shows an arrangement of the vibrating plate, the
transducer and the mounting for the excitation of
two perpendicular standing plate waves. The plate
is drawn performing vibrations.

6c shows an arrangement to excite a two-dimensional
vibration in the plate with only one transducer.
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Fig. 7 shows the excitation of the wvibration with a SAW
device. The plate is drawn performing vibrations.

Fig. 8a and Fig. 8b show the preferred example of the moun-
ting and a method to assemble the vibrating plate,
the transducers and the mounting.

Fig. 9 shows an example of the apparatus, where the moun-
ting of the vibrating plate is attached to the re-
flecting surface.

Fig. 10 shows an example of the apparatus, where the vibra-
ting plate and mounting are not connected to the
reflecting surface.

Fig. lla, Fig. 1lb and Fig. llc show methods to move parti-
cles, in particular:

Fig. lla the vibrating plate is moved ore the fluid flows,

Fig. 11lb the excitation frequency is changed,

Fig. llc the plate vibration is modulated using two trans-
ducers.

Fig. 12 shows how the principle can be used when the parti-
cles, that shall be positioned, are not placed un-
der the vibrating body.

To be able to trap and move a particle in two or three dimen-
sions in a designated manner an ultrasound field is necessary
that is also two- or three-dimensional. The principles of the
prior art mentioned above generate the required ultrasound
field with considerable effort. It is therefore an object of
the present invention to provide a method with which it is
easily possible to excite an ultrasound field that is capable

of trapping and positioning particles suspended in a fluid.

General explanation: The setup comprises a solid body (in the
following called vibrating plate) that is mechanically ex-
cited in such a manner that at least one of its surfaces vi-
brates and emits sound waves into a fluid, another body (in
the following called reflecting body) that is not excited on
purpose to mechanical vibrations whose surface is placed op-
posite to the vibrating body to reflect the sound waves and
the said fluid that fills the gap between these two bodies. A
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one-dimensional surface vibration (of a plate vibrating one-
dimensionally) will produce a two dimensional sound field in
the fluid and a two-dimensional surface vibration a three-di-
mensional sound field. Particles suspended in the fluid will
be concentrated at predetermined positions in the fluid
according to the distribution of the force potential in the
fluid. It is possible to concentrate and to position parti-
cles that are in contact with the surface of the reflecting
body or to let particles levitate freely at predetermined
positions in the fluid. By changing the force potential in
the fluid the particles change their position and can be
moved. The particles must have material properties, such as
density or speed of sound, that are generally different from
the fluid; this condition is fulfilled for almost all mate-
rial combinations of fluid and particle.

Excitation: The plate is excited to vibrations by a trans-
ducer and both are held by a mounting. It is also possible
that the transducer is only in contact with the mounting that
operates in this case as a wave guide and conducts mechanical
vibrations between the transducer and the plate. The trans-
ducer may consist of a pilezo-electric ceramics or a SAW-de-
vice (SAW means surface acoustic wave). The reflecting body,
that is not externally excited, may be attached to the vi-
brating plate or the mounting or it may not be connected to
it.

Excitation frequency: It is obvious that an excitation fre-
quency which is close to the resonance frequency of the full
apparatus, consisting of the vibrating plate, the fluid and
the reflecting body, is most suitable. However the frequency
must not fully coincident with the resonance frequency, it
can even differ strongly. As an example it will be sufficient
that the frequency is chosen to be accordant to the resonant
frequency of the vibrating plate.

Functionality: With this invention particles surrounded by a
fluid can be trapped at predetermined locations and than be
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positioned in this fluid. It is possible to move the parti-

cles in one or two dimensions parallel to the mentioned sur-
faces. The particles can be in contact with one of the sur-

faces or they can be trapped at predetermined positions be-

tween the two surfaces.

Advantages and comparison to other solutions: The advantage
of this invention lies in the simplicity of the apparatus and
the easy usability. Unlike most of the existing solutions the
apparatus consists of a small number of components. As the
operation of the apparatus is not very sensitive to the ex-
citation frequency, a change in the resonance frequency,
which could occur during the use, will not affect the usabi-
lity. In most cases, it will be therefore sufficient to run
the apparatus with a single time-constant frequency. To ma-
nipulate particles on a surface the height of the fluid gap
is not very important.

As it was mentioned above the reflecting body is not nece-
ssarily a part of the apparatus and in this case the in-
vention consists only of the vibrating plate, a transducer
and the mounting. This device can then be placed opposite to
any surface on which particles shall be manipulated. This
solves the problem that many inventions can only be run in a
special environment.

Detailed description of a preferred embodiment

Physical Basics: Early theoretical investigations on acousti-
cal forces with good qualitative and quantitative agreement
to later experiments were done by L. V. King in his publica-
tion on the forces on a rigid sphere in a sound field (“On
the Acoustic Radiation Pressure on Spheres”, Proceedings of
the Royal Society of London. Series A, Mathematical and
Physical Sciences 1934; Vol. 147, Iss. pp. 212 - 240) and
later by K. Yosioka and Y. Kawasima who investigated the
force on compressible spheres (“Acoustic Radiation Pressure
on a Compressible Sphere”, Acustica 1955; Vol. 5, Iss. pp.
167 - 173). Due to the limitations of the given formulas to
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plane sound waves we will refer to the publication of L. P.
Gorkov (“Forces Acting on a Small Particle in an Acoustic
Field within an Ideal Fluid”, Doklady Akademii Nauk SSSR
1961; vol. 140, Iss. 1, pp 88 et sqgg.). The mean force < F >
on a spherical particle in an arbitrary sound field is calcu-
lated from the potential of forces < U > as

<F >=—-grad(< U >) with
1<p? > 1
<U>=2mrip [z 2 -Tf -2 < >,
3 #CF 2
where
Iy is the particles radius and assumed to be much

smaller than the acoustical wavelength,
< p’ > and < g° > are the mean square fluctuation of the
. pressure and velocity of the incident wave at the
particles position,

Ps:Pr: Cg and cp are the density and speed of sound of the
particle and of the fluid, respectively,
£1 =1-(prcp)/(pgci) and

£, = 2(pg = pPp)/(2pg +pp ).

Sound field and force distribution: Fig. 1 shows how an
acoustical wave 15 is emitted to a fluid 13 by a surface wave
14 of a solid 12. The radiation angle 15b of the sound wave
o can be calculated from

sin(a) = Ay / Ags

where

Ags is the wavelength of the surface wave 1l4a and

Agp is the wavelength of the sound wave 1l5a given by

the ratio of speed of sound in the fluid and fre-
quency.

A standing two-dimensional sound field 27 is schematically
diagrammed in Fig. 2. A standing surface wave 26 emits two
sound waves which are reflected on the surface of a body 23.
The gap between the two surfaces is filled with a fluid 25
and has the height h 24. Using the given coordinate system
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21, where the horizontal arrow indicates the x-direction and
the vertical arrow the y-direction, the velocity potential ()
can be given as

¢ = @y cos (xkgy )sin(ykg, ) e™®"
where
(O is its amplitude,

®=27nf ig the angular frequency,
kgx and kg, are the horizontal and vertical components of the
propagation vector of the acoustical wave in the

fluid with
kay + ki, = (27 /A; ) and
kpgy = 2T/ Age,
t is the time and

x and vy are the spatial coordinates.

As an example it shall be assumed that the height of the
fluid layer h is three quarter of the vertical wave length in
the fluid (Fig. 3), the vibrating surface is at y = 0 and
the reflecting surface at

y = —-h = —0.75 Ay,

The force potential according to this example for a glass
sphere in water is shown in Fig. 3 and the resulting force
field in Fig. 4 where the vibration of the surface is illus-
trated with a dashed line 42. As it can be seen the force
vectors are directed to the location where the force poten-
tial has its minimum. The equilibrium positions of suspended
particles are marked with circles 43 or semi-circles 44. With
an external force field like the terrestrial gravitation 46
the equilibrium position of levitating light particles will
move a bit downwards; heavy particle have their equilibrium
position only on the reflecting surface 45 at positions
marked with semi-circles 44.

It is also possible to vary the distance h between the vibra-
ting plate and the reflecting body (Fig. 2 distance 24). This
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can be done to change the amplitude of pressure and velocity
in the fluid without changing the excitation signal.

In the previous description is was assumed that the fluid
layer is coplanar, that means that the surface that emits the
sound wave and the surface that reflects it are parallel to
each other. However it is also possible to allow an angular
deviation between these two surfaces so that the fluid is
wedge shaped. For instance it is possible to change the posi-
tion of the particles by changing this angle.

Fig. b5a is a schematic illustration of the full apparatus
comprising a vibrating plate 51, a transducer 52 to excite
the vibrating plate, a mounting 53 that holds the vibrating
plate and the transducer, a reflecting body 54, a fluid 55
that fills the space between the plate and the body and gene-
rator 56 to run the transducer 52. The particles 57 are dis-
tributed arbitrarily when the power supply 56 is turned off.
When the transducer 52 is excited and the plate 51 performs
vibrations as shown in Fig. 5b the particles 58, 59 will be
concentrated at predetermined positions either at the lower
surface 58 or levitating in the fluid 59.

Excitation of the vibrations: Depending on whether the parti-
cles shall be positioned in one or two directions the vibra-
ting plate 51, 61 has to be excited to one- or two-dimen-
sional vibrations. In this case one- or two-dimensional wvi-
brations means that in the plate standing or propagating
waves appear in one or two directions. (The movement of the
plate itself is then two- or three-dimensional.)

In Fig. 6a a possible arrangement for a one-dimensional exci-
tation comprising the vibrating plate 61, the transducers
64a, 64b and the mounting 63 is displayed. The vibrating
plate 61 is drawn performing vibrations. This example compri-
ses two transducers 64a and 64b, however only one transducer
e.g. 64a is necessary to excite a vibration.



10

15

20

25

30

35

WO 2004/079716 PCT/EP2003/010649

12

The vibrating plate 61 in Fig. 6b is excited to two-dimensio-
nal vibrations. For each dimension of the vibration at least
one transducer 64a or 64b is necessary; in the drawing two
transducers per excited dimension are displayed. A method to
excite a two-dimensional vibration with one transducer 64a is
given in Fig. 6c. In this case the vibrating plate 61 has a
triangular shape. The wave 65 excited by the single trans-
ducer 64a propagates and is reflected by two edges 66 and 67
of the plate 61.

The mentioned transducers may be made of piezoelectric mate-
rial. Another possibility is shown in Fig. 7 where the vibra-
tions are excited with something like a SAW-device 73.

Mounting: A device 81 and method to hold the vibrating plate
and the transducer is shown in Fig. 8a and Fig. 8b. The qua-
dratic recess 82 1s a bit smaller than the outer dimensions
of vibrating plate with the transducers 83. An applied dis-
placement 84 causes an elongation 85 of the device 81. This
causes the quadratic recess to become a bit lager. After that
the vibrating plate with the transducers 83 is placed in the
recess. When the displacement 84 is released the plate will
be held tightly. This process is shown in the left part of
Fig. 8b and in the right part the fully assembled device is
shown.

Referring to Fig. 9 the first preferred embodiment comprises
a plate 91, at least one transducer 92 to excite the plate 91
mechanically, a mounting 93 that holds the plate 91 and the
transducer 92, a reflecting body with a rigid surface 95, a
means 94 to hold the mounting and to move it relatively to
the reflecting body 95, a fluid 96 that fills the gap between
the plate and the reflecting body 95 and a generator (not
drawn) to run the transducer(s). The mounting 93 with the
plate 91 and the transducer(s) 92 can be positioned in all
directions relative to the reflecting body.

Fig. 10 shows the second preferred embodiment consisting of a
plate 101, at least one transducer 102 to excite this plate
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101 mechanically, a mounting 103 that holds the plate 101 and
the transducer 102 and a generator (not drawn) to run the
transducer(s) 102. This apparatus can be placed on any rigid
surface to position particles on this surface.

Fig. lla, Fig. 1lb and Fig. 1llc show three possible displace-
ment principles. This setup comprises a plate 111 excited to
vibrations by one or more transducers 112, 112a, 122b, a
mounting 113 that holds these components, a fluid 114 and a
generator 115 to run the transducer(s) 112, 112a, 122b. On a
surface particles 116 are located according to the force po-
tential of the sound field in the fluid 114. Particles that
levitate in the fluid 114 will be located analogously (not
shown in the drawing). In the upper part of each drawing the
initial state is displayed and in the lower the final state
with the displaced particles. The displacement is illustrated
with arrows 118a, 118b, 118c. A very simple method to dis-
place particles is to move the mounting holding the vibrating
plate 111 and the transducers 112 like displayed in Fig. 1lla.
According to this displacement 117 the particles, that main-
tain their relative positions to vibrating plate 111, will be
moved simultaneously 118a. A second method shows Fig. 11b.
First the plate 111 is excited with a resonance frequency.
Then the plate 111 is exited with another e.g. higher reso-
nance frequency and a vibration with an other e.g. smaller
wavelength appears. Due to the smaller wavelength of plate
vibration the particles are moved to other equilibrium posi-
tions on the surface 118b. By applying power with same or
differing parameters like frequency, amplitude or phase to
each of the multiple transducers 112a, 112b like in Fig. 1llc
the vibration mode of the plate 111 can be changed. The
changes of the vibration mode occur due to modulation of the
excitation signal. The particles 116 will follow these chang-
ing and will be moved 118c.

The preferred embodiment can be used for the optically con-
trolled manipulation of small particles for instance with a
microscope. When the vibrating plate 91, 101 or 111 is made
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of a transparent material like glass the particles can be ob-
served while they are manipulated or positioned by one of the
described methods. For example, the mounting can be connected
to a two-dimensional translation stage that moves the moun-
ting 94, 104 or 113.

Fig. 12 shows how particles can be manipulated that are not
located under the vibrating plate 121 or close to it. The
sound field is build up in the entire volume that is filled
by the fluid 124. In the example of Fig. 12 the sound waves
are reflected by the reflecting surface 127, another boundary
129 and an arbitrary device 126. It is possible to manipulate
the particles 128b under the device 126 although it is not
vibrating. In Fig. 12 the case with a one-dimensional plate
vibration is illustrated. It is also possible to implement
the device analogous to Fig. 6b with a two-dimensional plate
vibration.

To be able to move particles between the discrete positions
where they are concentrated by the sound field it is possible
to let the fluid flow temporarily. This should be coordinated
with a variation of the sound field. In the upper illustra-
tion of Fig. lla the fluid flow is represented by an arrow
119.

In Fig. 4 the equilibrium positions of particles in a sound
field are marked with circles 43. However the equilibrium po-
sitions do not only depend on the sound field but also on the
material properties of the fluid and particles. This can be
used to separate particles. For two types of particles each
having different material properties like density and speed
of sound there exist a fluid with specific material proper-
ties so that these two types of particles are concentrated in
different positions in the sound field, for example either in
points marked with circle 43 or in points marked with plus-
signs 47.



10

15

20

25

30

35

WO 2004/079716 PCT/EP2003/010649

15

List of reference numerals

11

12
13
14
l4a
15
15a
15b
21

22
23
24
25
26
27
41

42

43
44
45
46
47

51
52
53
54
55
56
57
58

co-ordinate system, x-direction rightward, y-direction
upward

solid body with a wvibrating surface
fluid

vibrating surface

wave length of the surface movement
sound wave

wave length of the sound wave
radiation angle

co-ordinate system, x-direction rightward, y-direction
upward

solid body with a vibrating surface, vibrating body
solid body with a rigid surface, reflecting body
height of the fluid gap

fluid

standing surface wave

standing two dimensional sound field

co-ordinate system, x-direction rightward, y-direction
upward

displacement of the surface of a solid body at an
arbitrary point of time, vibrating body

positions where light particles are collected

positions where light and heavy particles are collected
solid body with a rigid surface, reflecting body

force field, e.g. terrestrial gravitation

points where particles with other material properties
are collected

plate, plate excited to vibrations, vibrating body
transducer

mounting

reflecting body

fluid

generator

particles arbitrarily distributed

particles concentrated due to the sound field
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59
61
62
63
64a
64b
65
66
67
71
72
73
81
82
83
84
85
91
92
93
94
95
96
101
102
103

104
111
112
112a
112b
113
114
115
116
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particles levitating in fluid due to the sound field
plate excited to vibrations, vibrating body
reflecting surface

mounting

transducer

transducer

propagation direction of the wave in the plate
edge where the plate wave is reflected

edge where the plate wave is reflected

plate excited to vibrations, vibrating body
reflecting surface

SAW-device

mounting

quadratic recess

vibrating plate with attached transducers
applied displacement

elongation due to the applied displacement
plate, vibrating body

transducer

mounting that holds the plate 91 and the transducer 92
mounting to move the vibrating plate
reflecting surface

fluid

plate, vibrating body

transducer

mounting that holds the plate 101 and the trans-
ducer 102

mounting to move the vibrating plate vertically
plate excited to vibrations, vibrating body
transducer

transducer

transducer

mounting

fluid

generator

particle concentrated due to the sound field
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117
118a
118b
118c
119
121
122
123
124
125
126
127
128a
128b
129
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displacement of the mounting

displacement of the particles

displacement of the particles

displacement of the particles

possible fluid flow

plate excited to vibrations, vibrating body
transducer

mounting

fluid

generator

any arbitrary device

reflecting surface

particle positioned under the vibrating body
particle positioned distant from the vibrating body

boundaries of the fluid
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Claims

1. A method for controlled positioning of particles (57, 58,

59) surrounded by a fluid (55) using acoustic forces by emit-

ting acoustic waves into said fluid by a surface movement of

a body (51);

characterized in that

-~ exciting said body (51) to vibrations by a transducer
(52);

- reflecting said acoustic waves off of the surface of other
bodies (54, 53) to form a sound field in which said
acoustic forces appear.

2. Method according to claim 1

characterized in that

sald vibrations are structural vibrations, e.g. a bending vi-
bration.

3. Method according to claim 1 or 2;
characterized in that
said body excited to vibrations (51) is a plate.

4. Method according to one of the claims 1 to 3;
characterized in that

said body excited to vibrations (51) is transparent.

5. Method according to one of the claims 1 to 4;
characterized in that

there are two transducers (64a), which are not positioned in
a parallel arrangement in order to excite said body to two-
dimensional vibrations.

6. Method according to claim 5;

characterized in that

the two transducers (64a) are positioned in a perpendicular
arrangement.
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7. Method according to one of the claims 1 to 4;
characterized in that

there are at least two transducers (64a, 64b), which are po-
sitioned in a parallel arrangement in order to excite said

body to one-dimensional vibrations

8. Method according to claim 7;

characterized in that

there are pairs of two transducers (64a, 64b; 64a, 64b), the
transducers (64a, 64b) of each palr are positioned in a
parallel arrangement and the pairs of transducers (64a, 64Db;
64a, 64b) are not positioned in a parallel arrangement.

9. Method according to one of the claims 1 to 8;
characterized in that

the transducers (52, 64a, 64b, 112) are run by a generator
(56, 115).

10. Method according to claim 9;

characterized in that

each transducer (1l2a, 112b) is run separately and independ-
ently by a generator (115).

11. Method according to one of the claims 1 to 8;
characterized in that

the fluid (124) is partly covered by said body excited to vi-
brations (121) and by further arbitrary devices (126) which
are not vibrating.

12. Method according to one of the claims 1 to 4;
characterized in that

sald body excited to vibrations (61) is a triangular plate
and is excited by a single transducer (64) in order that the
plate waves are reflected by two edges (66, 67) of the vi-
brating plate (61).
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13. Method according to one of the claims 1 to 12;
characterized in that

the distance (24) between said body excited to vibrations
(22, 51) and the other body that reflects said acoustic waves
(23, 54) is adjustable.

14. Method according to one of the claims 1 to 13;
characterized in that

the fluid that surrounds the particles flows in order to move
the particles between the points where they are collected by
the acoustical forces appearing in the sound field, whereby
the fluid flow and the sound field are coordinated.
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