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GRAIN CHARGING AND PLASMA POTENTIALS IN A DUSTY PLASMA WITH 
A DUST GRAIN SIZE DISTRIBUTION; T.W. Hyde and L.A. Bringol, Department of 
Physics, Baylor University, Waco, TX 76798-73 16. 

Dusty plasmas are found in planetary rings, comet tails and the protoplanetary nebula. Dust grains immersed 
in a plasma become charged. This charge will affect the motion of the grain in the electromagnetic field of a 
planetary magnetosphere and is involved in both the formation of the spokes in Saturn's rings and the erosion of the 
rings by micrometeorites. Additionally, the charge on the grain affects the coagulation rate of the dust into 
planetesimals in the protoplanetary nebula. We have solved the system of nonlinear charging equations using a 
modified Powell hybrid algorithm and a finite-difference approximation to the Jacobian. We show results using our 
method for a 1 eV hydrogen plasma which agree well with an earlier paper (1). 

The charge on a grain is determined by plasma characteristics, secondary and photoemission from the grain, 
and a variety of other charging mechanisms. Grain equilibrium is attained when the sum of the currents to the grain 
is zero and there is an overall charge balance in the dusty plasma. Employing the standard equations (1) in cgs units, 
the charge balance for a dust cloud with a size distribution embedded in a plasma with the length scale of the dust 
cloud much longer than the Debye length of the plasma is given by 

en, - en, - u jr:y r,dn( r, ) = 0 (1) 

where ne,i are the electron and ion number densities, respectively, U is the potential of the dust surface (dust minus 
plasma cloud), and dn(rd) is a distribution for the dust size. 

The current balance to the grain is given by 

I, + Ii + I,, + I,, + I, = 0 ( 2 )  

Secondary electron currents and tunneling currents are generally only significant at T above tens of eV. If the 
plasma is assumed to be thermalized (Boltzmann distribution) and composed of hydrogen ions and electrons, (and 
with sticking coefficients Se = Si = 1) the currents are given to be 

where Tph is the photoelectric flux off of the dust grain per square centimeter. 

The plasma densities are given by 

n, = n,, exp( g 1 
ni = n,, exp("V) k~ 

where V is the plasma cloud potential. 
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substituting (8) and (9) into (I), we get 

ev exp(,) - exp(?) k~ - p(E) k~ = o 

where 

P is a function of the dust size distribution, dn(rd). Usually a power law is assumed of the form 

dn, ( r, ) = cjrlsdrd (12) 

where cj is a constant. Once the temperature regime is chosen, the appropriate currents from (3) to (7) can be 
substituted into (2). The system of nonlinear equations generated may then be solved using a modified Powell 
hybrid algorithm and a finite-difference approximation to the Jacobian for U and V and for a range of P and R 
values. 

As a test of the method, we now assume a 1 eV hydrogen plasma. Substituting the ion, electron and 
photoelectron current equations into (2), we get 

The results from solving equations (10) and (13) with R values ranging from 0 to 0.9 are shown in Fig. 1 and 
agree well with an earlier paper (1). Results assuming a non-thennalized plasma (Lorentzian distribution) will be 
reported in a forthcoming paper. 

References: (1) Havnes, 0. T.K. Aanesen and F. Melandso, JGR Vol. 95, No. AS, pp. 6581-6585, 1990. 
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Figure 1 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


