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Dusty Plasmas: Experiments Reveal the Gravity of the Situation
Tracking the ultra-weak effects of gravity in dusty plasma reveals surprises.

MILWAUKEE, Wis.—For laboratory plasmas, gases of electrically charged particles, the
effects of gravity are usually negligibly small. Recent experiments, however, have for the
first time measured the deflection of charged micro-particles (also called “dust” particles)
in plasma caused by gravity in the presence of a very strong background magnetic field.
Measurement of this ultra-weak effect has allowed the precise quantification of the
amount of electric charge on the micro-particles by simply detecting its gross motion.

This elegant measurement relies on an experimental configuration in which the direction
of the magnetic field is oriented perpendicular to gravity (Figure 1). When the micro-
particles are dropped through the plasma and tracked with high-speed video imaging
researchers obtained two important results. First, it provides the first experimental
confirmation of a hypothesis more than three decades old: that the trajectory of a charged,
macroscopic object can be influenced by the combination of gravitational and magnetic
fields. Also, the analysis of the deflection has allowed researchers to obtain a direct
measurement of the charge on the micro-particle. In so-called “dusty” plasma—a gas of
electrons, ions, neutral atoms and charged “dust” particles—this critical parameter is
often unmeasurable using conventional plasma diagnostic tools.

The surprising result is that the charge on the micro-particles was much lower than had

60 Magnetic field: 0.77 T
L e Experiment
— - Fit: 35 electrons
40+

- - - Fit: 210 electrons

y [mm]
N
o
T T
ﬂ“'-—_ gl L S—

magnetic field
(into page) ;
(] R R LEE A
gravity I o
(down) 20 _'T :
0 [
£ | 1 i |
-1.0 -0.5 0.0 0.5 1.0
X [mm]

Figure 1: [Left] Model of the experimental geometry. Gravity points downward and the
magnetic field is pointing into the page. [Right] Measurement of the particle deflection
with two estimates of the value of the charge on the dust particle. The experiment was
performed at a magnetic field strength of 0.77 T, over 15,000 times stronger than Earth’s

magnetic field.



been expected—by a factor of five or greater! While there have been some theoretical
efforts to understand this discrepancy, additional modeling and experiments are required.

This work was supported by the U.S. Department of Energy under grant numbers: DE-
SC0010485 / DE-SC0016330 and by the National Science Foundation under grant
number: PHY-1613087. More information can be found in the Ph.D. dissertation by B.
Lynch, “Microparticle Dynamics in Strongly Magnetized Low Temperature Plasma”
(Auburn University, 2017).
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