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ABSTRACT

This is the final technical report for DOE Grant #DE-FG02-04ER54795-Experimental
Investigations of Fundamental Processes in Dusty Plasmas. A plasma is an ionized gas, and a
dusty plasmas is a plasma that contains, in addition to electrons and ions, micron-sized dust
particles. The dust particles acquire and electric charge in the plasma by collecting electrons and
ions. The electrons move more rapidly than the ions, so the dust charge is negative. A 1 micron
dust particle in a typical low temperature plasma has a charge corresponding to approximately
2000 electrons. Dusty plasmas are naturally found in astrophysical plasmas, planetary rings,
technological plasmas, and magnetic fusion plasmas. The goal of this project was to study in the
laboratory, the basic physical processes that occur in dusty plasmas. This report provides a
summary of the major scientific products and activities of this award.

MAJOR SCIENTIFIC RESULTS

¢ Developed theory and preformed first experiments on the charging of dust in a plasma
with negative ions

¢ Measurement of the ion drag force on dust particles in the strong ion-grain coupling limit.
The ion drag force is one of the most important forces on dust particles in a plasma and
the main cause of dust transport

¢ Development of a new source of heavy negative ions

e First laboratory observation of dust acoustic (DA) shock waves and verification of the
theory of DA shocks of Shukla and Eliasson. DA shocks considered to be important as a
potential mechanism for coalescence of charged dust in proto-planetary systems.

¢ Theory and experiments on non-linear DA waves

¢ First laboratory observation of a structure-forming instability in a dusty plasma

¢ Development of a source of drifting dusty plasma

e First experimental observation of Taylor instability in a dusty plasma.

e Experiments on the interaction of obstacles with flowing dusty plasmas

¢ First observations of the formation of a transient bow shock in front of an obstacle in a
supersonically flowing dusty plasma

e Experiments on explosion and expansion of charged dust clouds in afterglow plasmas

¢ First observation of the fission of a charged dust cloud in an afterglow plasma.



SYNERGISTIC AND OUTREACH ACTIVITIES

PI developed MAPLE based programs to model Langmuir probe I-V characteristics. This
was provided as a teaching tool to help students learn how to interpret probe data. The
programs were posted for general use on the PI's webpage. The PI also advocated
inclusion of plasma experiments as part of the typical undergraduate advanced physics
laboratory course. These were presented in a paper in the American Journal of Physics
(vol. 85, pp. 1078-1085, 2007).

PI has participated in the Adopt-a-Physicist program (http://www.adoptaphysicist.org/)
sponsored by the AIP/SPS, APS, and AAPT, provided through ComPADRE and the
NSE/NSDL.
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