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LUNAR DUST AND DUSTY PLASMA PHYSICS. T. L. Wilson, NASA, Johnson Space Center, Houst@xas
77058 USA.

Introduction: In the plasma and radiation envi- The motion of a charged particle with a veloaity
ronment of space, small dust grains from the Moon’s in an electric fielde, a magnetic field, and no gravi-
surface can become charged. This has the consazjuen tational field is subject to the Lorentz foried8]
that their mptiqn is determined by elegtromagr!af;c F =q(E +VxB) (1)
well as gravitational forces. The result is a pladike
condition known as “dusty plasmas” with the conse-
guence that lunar dust can migrate and be traresport
by magnetic, electric, and gravitational fields oint
places where heavier, neutral debris cannot. Dost
the Moon can exhibit unusual behavior, being aceele
ated into orbit by electrostatic surface potentiats
blow-off dust, or being swept away by moving mag-

netic fields like the solar \.de as pick-up dustence, open system subject to external forces and curents
lunar dust must necessarily be treated as a dietynp moving plasma and moving magnetic field li@$1].

subject to th_e physu?s Of_ magnetohydrodynamms An important example in the solar system is tharsol
(MHD). A review of _th's_SUbJeCt has been given be- \ing and the Sun's interplanetary magnetic field.
fore [1], but a synopsis will be presented herenttke As plasma flows from the Sun a condition referred
it more readily gvallable for lunar scientists. to as “frozen in flux” [9-11] occurs whereby the gra
~ Dust Dynamics: Whenever dust becomes charged, negic field lines are tied to the plasma and moité i
interplanetary electromagnetic forces will altee y- creating the interplanetary magnetic field. At tane
namics of such charged grains of matter in unexuect time, an apparent electric field arises due to\(k8
ways. Instead of following gravitational traje& ey in (1) which is sometimes described as an-inte
subject to Kepler's laws modified by Poynting- pjanetary electric field. This happens becausthén
Robertson drag [2,3], charged dust can spiral aboutiheory of relativity, one can always find a frame o
magnetic field lines similar to electrons and pnsto It reference in which both electric and magnetic &eide
Fhen behaves like the charged ion constituentsk{_tp;ix: present. That is understood by performing a simple
ions) of a planetary atmosphere or exosphere uttera | orent; transformation (to first order ¥ = vic) from
ing directly with the solar wind [4-7] as in Figute a planetary rest frame (e.g., the satellite in figl) to
the coordinate system flowing with the plasma gas.
The result modifies the electric fieklas
E=E - VxB . (2)
Alternatively, a space plasma is believed to be a
condition of high, even infinite tensor conductyvit,
and the current from Ohm's law = ¢E' = o(E +
VxB) must remain finite.c can approach infinity only
if (E + VxB) goes to zero. The consequence is an in-
terplanetary electric field
Esw= - VswXBsw (3)
seen in the surface rest frafellustrated in Figure 1,
whereVsyis the solar wind velocity vector.
A helpful visualization of the trajectories A, Bach
C in Figure 1 is to neglect the gravitational fardas
did Lorentz) and imagine onlgsy andBsy Charged
dust of charge-to-mass ratigm will orbit the magnetic
field line B as depicted in the inset with a circular cy-
clotron frequencyy = gB/mc = \gy/rg and have a cyc-
loidal trajectory with radius of gyratiamn.
Figure 1. lllustration of the orbits of dust egect The presence sy in Equation (3) causes the cyc-
from and about the lunar surface [1]. loidal orbit to drift slowly in the direction dEsyxBsw

whereq is the total chargey = vic, the particle has
massm, andc is the speed of light.

This classical picture of the relativistic electyed
namics ofqg changed, however, with the advent of
space plasma physics where large-scale magndtis fie
are in fact being formed and altered by MHD effects
An interplanetary space environment modifies tine-si
ple closed-system concept of Lorentz in (1) into an

Atmosphere
(Exosphere)
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with a velocityVpi = EswBsw/B% It is as simple as  polynomial gravitation identically. To first ordethe

drawing circles of radiug, which osculate withv at Q planetary surface’s electric field, is| Eo(r) | = | -grad

(Figure 1 inset), and then allowing them to drifih- @, | which givesE, (1) = @, r/r’. Substitution into (4)
wind in the direction oEsyxBsyw Examples are illus-  with E = E, + E* yields the general equation

trated as the sequence A,B,C for bound, grazind, an B ke Z,_, ¥

unbound trajectories. = _r_a+ﬁ( E T xB) . (5a)

Again, the visualization for Equation (1) is the ex 7
treme case where the planetary gravitational fisld k=(GM-—09,) (5b)
turned off — the opposite of the conventional agsum m
tion where the magnetic and electric fields areedr ~ WhereZ = Zp,( represents the effective total charge of
off. The true physics of the matter is that boffleas the dust grain.E* is any other ambient electric field

are present. The equation of motion in inertiadrdd such asEsy. Wheneverd, = GMm/Z gravitation is
nates fixed at the planet's center is actually cancelled out - and hence the term levitation.
GMr q f Finally, dust grains have tensor rather than scalar
=-—5+—(E+-xB) (4) material properties. Unlike a simple electron astpn
r m c : ’

which results from a totalF=ma” force which is the they have permittivitiesq,¢ and magnetic susceptibili-

sum of the gravitational Newtonian force (firstridr ties yqug that can increase 9-fold in complexity. Their

and the Lorentz force (second term) from Equatign ( conductivityos is likewise a tensor. Hence, scalars have

In Equation (4)G is Newton’s gravitation constans( ~ P&COme tensors in the dust-grain dynamics of (5).

= 6.674x10° cn? g s?), M is the planet's mass, is Conclusion: The motionally induced electric fields

the charged dust grain’s position vector, dndts ac- introducgq by Lorentz as necessary consequences of

celeration vector i = a in “F=ma’). The first inte- _the relativity of charge in m_0t|0n play a pertineate

gral of motion for (4) is the inertial velocity = v in the magnetohydrodynamics of charged dust on the
: . : Moon. The notion of electrostatic pick-up dust

Whenr reaches an escape velocity due to the Lorentz pick-up ion transport in interplanetgry plgsmasm

Io:_ce, oer\I/Een I'ts tpps]:.tlcl);expols:(.as I tc;-c;ahrtaw;]oner(\j- very useful in the characterization of this procéss

daulscin;rgin i: gvsgprtlcmf ofS\g;]r(]j all\g/]vl;rf fr(,)methce agrega?/it the motion of lunar dust about its surface and into

. : ) B space. The general equation of motion involved is
tional potential well by the interplanetary elecffield (5a,b) and not (4). Much of the unexpected behavio
which is basically performing work (as an extereat

) i of charged dust grains can now be understood becaus
ergy source) to get it off of the planet's surface. (5a,b) cannot be solved without Ensitu measurement
Electrodynamic Surface Potentials: Equation (4)

] - of the scalar electrostatic levitation potent@al The
is not the end of the story because motion of tle®i

: T ! commonplace assumption of (4) will always give an
N space \.N|II.|nduce eIectrost{;\tlc surface chqrgiug incorrect result when the surface potentigf' ) # 0
to precipitation and sputtering of energetic MHD

. . X and conductivityry,sthas become a tensor.
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