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ABSTRACT

Detailed analysis of Particle Image Velocity (PI V) observations [E.
Thomas, Jr., Phys. Plasmas, 6, 2672 (1999).] of large volume
toroidal dust cloud structures made in the Naval Research
Laboratory’s Large Volume Dusty Plasma Experiment (DUPLEX)
is presented.  These structures form spontaneously in the DUPLEX
dc glow discharge plasma.  I n general, the structures rotate in both
the azimuthal and poloidal directions.  The shape of the structures
and the characteristics of the rotations depend sensitively on the
characteristics of the background plasma.  We present detailed
analysis of the spatially resolved motion of the 1 µµµµm alumina dust
grains suspended in the argon plasma.  Analysis codes written to
calculate a number of variables, including the radial and angular
velocities and angular accelerations of the dust grains will be
described.

Work supported by the Office of Naval Research and the National
Science Foundation Grant No. PHY 0096254.

MOTIVATION
While experimenting with dusty plasmas in the DUPLEX chamber,
it was observed clouds rotated in the vertical plane.

 This led to the following analysis approach:

• Create computer programs to determine the center and radial
distances of dust particles within the cloud.

• Create a computer program to determine angular and radial
velocities and accelerations.

• Run experiments varying pressure and voltage and plot the values
of the angular and radial velocities and accelerations to identify
trends.

COMPUTER ANALYSIS:

Chipmunk Basic Program:
• This program reads in the raw data produced by the Insight PI V

system (see adjacent poster by C. Compton, et al.) and produced
a text file that had the values of x, y,  vx, vy, and vmag.

• This program was written by E. Thomas and is used in virtually
all analyses of the Insight PI V data.

Mathematica Program:
• This program was written to have the option of determining one

or several of the following cloud characteristics: the center of the
cloud, the position of each vector in the cloud in polar coordinate
space, the angular and radial velocities, and the angular and
radial accelerations.

• The program also has the option to print out vector graphs of the
velocities (similar to those given in Insight) as well as graphs of
angular velocity versus angular position for a given radial range.

Plots:
• The output from the Mathematica data files was then imported

into plotting software package Deltagraph.

• With the use of Deltagraph’s plotting techniques, plots of the two-
dimensional vector flow fields were produced.  Associated color
contour plots of the angular velocities and accelerations are also
produced using Deltagraph.

RESULTS PRESENTED
• An example of a typical analysis of a rotating dust cloud.

• Analysis of several experimental runs, in which the pressure and
voltage were varied to determine any trends that might arise.

Analysis Using a Sample Data Set
Sample Table of Graphs

Graphs of Angular Velocity versus Position at varying Pressure and Voltage

V = 500 V

V = 700 V

V = 900 V

Pressure = 300 mT Pressure = 250 mT Pressure = 200 mT

V = 500 V

V = 700 V

V = 900 V

Graphs of the magnitude of the dust particle velocities versus spatial location
as a function of Pressure and Anode Bias Voltage

Pressure = 300 mTorr Pressure = 250 mT Pressure = 200 mT

Graphs of Angular Acceleration versus
Position at varying Pressure and

Voltage

Pressure = 300 mT Pressure = 250 mT

V = 500 V

V = 700 V

V = 900 V

Image of a dust cloud
in the DUPLEX
Chamber.

Example of raw data
before analysis

• Plot of two dimensional
velocity vectors versus
spatial location using
DeltaGraph plotting
software.

• The vectors are measured
using the Insight software.

• The cloud is the same as
above.

• Color contour plot of the
magnitude of dust
particle velocity versus
the spatial location.

• The magnitude is
calculated as part of the
initial analysis using the
Chipmunk Basic analysis
software.

• Color contour plot of dust
particle angular velocity
versus spatial location.

• The angular velocity is
calculated using the
Mathematica program.

• Once calculating the radius
and position angle, the
component of the velocity in
the theta direction is
obtained, then divided by r
(ωωωω=vθθθθ/r)

• Color contour plot of the Dust
Particle Angular Acceleration
versus spatial position.

• The Angular Acceleration is
calculated using the
Mathematica program.  All
data points were ordered first
by increasing radius (with bin
size = 1 mm) and then by
increasing position angle.

• Then, the angular acceleration
was set equal to the diff erence
in the squares of the angular
velocities of two adjacent points
divided by twice the dif ference
in the position angle.
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SUMMARY
• There are a number of challenges posed in the correct physical

interpretation of these measurements.  With additional
experimentation and analysis, it is hoped to resolve a number of
these issues.
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