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USING ARRAY TO CONTROL THE CONFINEMENT OF MICROPARTICLE CLOUDS

CONTROLLED INTERACTION OF TWO MICROPARTICLE CLOUDS

SUMMARY
• A new experiment in the Plasma Sciences Laboratory

uses an array of three wires to maintain active control
over the confinement and transport of microparticle
clouds in a dc glow discharge plasmas.

• Initial measurements focus on altering the confinement
of particle clouds.  This is accomplished by varying the
relative strengths of electrostatic and ion drag forces on
the microparticles.

• Applied perturbations to two suspended microparticle
clouds allow the two clouds to interact via a collision.  A
recoil in the larger cloud is observed as a result of the
collision.

• The applied perturbations also lead to the formation of
shock-like structures in the plasma.
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ABSTRACT:

Recent investigations of dusty plasmas have shown that it
may be possible to use the trajectories of charged
microparticles to probe the electrical properties of a
microparticle cloud and the surrounding plasma
environment.  In past experiments, self-generated dust
particle ‘streams’ [E. Thomas, Jr., Phys. Plasmas, 8, 329
(2001)] have been used as the source of probe particles.
For the experiments described here, two microparticle
clouds are suspended in a plasma.  The clouds are separated
by an array of small, separately biased electrodes.  Bias
voltages applied to the electrodes are used to control the
flow of particles from one cloud to the other.  The particle
image velocimetry (PIV) technique is used to characterize
the transport of microparticles from one cloud to the other.
Results are presented on the interaction of the clouds as a
function of the bias voltage on different array elements.
The applicability of this technique as a diagnostic approach
for dusty plasmas will also be discussed.
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MOTIVATION

EXPERIMENTAL SETUP
• Operating Conditions:

P = 90 - 120 mTorr
Gas = argon
Anode Voltage: 150to- 230 V
Cathode Voltage: -150 to -250 V
Particles:

Silica microspheres
Diameter:  2.9 µm
Mass :  3.11 ¥ 10-14 kg

• An aluminum block (49.0 ¥ mm ¥
22.8 mm ¥ 14.7 mm) with two (3.6
mm deep depressions) is placed in the
plasma.

• One or two particle clouds (shown in
red) can be formed above the block.

• A 3-wire array (green) is placed just
above the surface of the block.

• Applied bias voltages to the wires are
used to manipulate the horizontal and
vertical position of particle clouds.

Experimental
Configuration

• A dc glow discharge plasma
is generated in the DPX
device.

• Microparticles become
suspended between the
cathode and the block.

• Applied bias voltages to the
wires in the array are used
to modify and control the
confinement microparticle
clouds.

SHEARED FLOWS AND SHOCK-
LIKE STRUCTURES DURING
APPLIED PERTURBATIONS

• In addition to controlled interaction studies, the use of the
array provides an opportunity to explore the formation of
sheared flows in dusty plasmas.

• Furthermore, when a large  perturbing square wave pulse
is applied to an array wire, a region of enhanced dust
density can be formed in the plasma.

• The long-term goal of this investigation is to use the trajectories of the
charged microparticles to diagnose the potential structure in the vicinity of
a particle cloud and the properties of the particle cloud - plasma interface.

• The immediate objective of this project is the development of techniques to
actively control the transport and confinement of microparticles in the
plasma.

• Controlled particle flows from one microparticle cloud to another can be
used to probe the potential structure of the plasma and the plasma -
particle cloud interface.

Physical mechanism for microparticle control
• A competition arises between the electric force (due to the sign of the

applied bias) and the ion drag force  on the suspended microparticles.
• It is postulated that ion drag force becomes “saturated” at high ion

streaming velocities - reducing the effectiveness of the ion drag force.
• This allows for the establishment of an equilibrium condition at some finite

distance from the probe.
• References:  E. Thomas, Phys. Plasmas, 8, 329 (2001); E. Thomas, Phys.

Plasmas, 9, 19 (2002); R. L. Merlino, et. al., Poster FP1.109, APS-DPP
(2002).

fi Figure gives an
estimate of the
electrical and ion drag
forces for conditions in
DPX under two
different probe bias
conditions.

fi The arrows indicate the
location of the
equilibrium for each
case.

fi As the probe is made
increasingly negative,
the distance to the
equilibrium point
increases.

Interaction Experiment

• Two microparticle clouds are
suspended above the block
electrode.

• Configuration:
Anode voltage: Va = 168 V
Cathode voltage: Vc = -251 V
Array voltages: V1 = 72.7 V

V2 = 46.7 V*
V3 = 136.7 V

• A square wave pulse is applied
to Wire 2 is used to control the
interaction between the two
suspended particle clouds.

• The image sequence shown to
the right shows the time
evolution of the interaction
between the two microparticle
clouds.

Image sequence demonstrating
 active control of microparticle cloud

(+ or * indicates which wire on the array is
biased)

70 V41 V70 V6
70 V0 V70 V5
70 V0 V0 V4
0 V070 V3
0 V70 V0 V2
0 V0 V0 V1

Wire 3Wire 2Wire 1Image
Number

• The contour plot below summarizes the results of
the interaction experiment.  It shows the
evolution of the horizontal (x-component) of
velocity as a function of image number (i.e.,
time).

• At early times, the measurement shows the flow
of particles from BOTH clouds toward the
collision point (indicated by the dashed line).

• After the collision (in Image 15), the particles at
the leading edge of in the LEFT cloud flow into
the second cloud, eventually pushing into the
RIGHT cloud.

• However, there is a “recoil” in the LEFT cloud
(near x = 20 mm) as a result of the collision.
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• Detailed view of a second two-cloud
interaction sequence.  Larger cloud
(LEFT), smaller cloud (RIGHT).

• Again, the two clouds interact due to an
applied voltage pulse on Wire 2.

• Velocity measurements (shown below) are
obtained using the 2D-PIV diagnostic
system.

• The numbers in each photograph
correspond to the frame number in the
overall 31 image sequence.  Images are
separated by ∆t ~ 130 msec.

> The vector plots show the
flow of microparticles
between the two clouds
during the evolution of two-
cloud interaction.

> The longest vectors represent
speeds of ~ 20 mm/s.

Evolution of the average velocity
(magnitude, x-, and y- components)
during the applied perturbations.

Note the increases in the average
velocity in Images 10 and 21 -
corresponding to the edges of the
applied square wave pulse and the
damping of the velocity.

Image sequence to the
right shows the formation
of a shock-like structure in
a dust cloud due to applied
perturbation.

The two figures below
show measurements of
velocity vectors obtained
during the formation of the
shock front.

Analysis of the images and associated velocity measurements
indicates that the flow velocities in Image 14 are 3  to 4 times
the local dust acoustic velocity (vmax ~ 30 mm/s; vda ~ 8 mm/s).

This fact, combined with
the sheared flow in the
vertical direction -
notably, the initial
deceleration of the
particles, as shown in
the figure to the left -
may be responsible for
the formation of a shock-
front in the dust cloud.


