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Charges on the dugt grains immersed in a plasma vary in time. We follow the hydrodynamic approach to obtain disperson
rlations for some low frequency eectrogtatic modes, taking into account charge fluctuation on the dust. We have used the

description of the one dimensond fully electromagnetic paticle code. There exists one spatid dimenson (x) and three

velocity components (v, Vy,V,). This is usudly referred to as a 1% model. Our analysis shows that the presence of the dist

grains causes different effectsin different frequency regimes.

Computational model
This is the description of the one dimensiond fully eectromagnetic particle code. The dexcriptions are intended to danify
largly the code write-up to better follow its dgorithm in a concise manner.

There exists one spatid dimenson (X) and three velocity components (vx,vy,vz). This is usudly refered to as a 1%

modd (eg. X is conddered a full dimenson since it retains both spatia and velocity components, while y and z ae
conddered a hdf dimenson eech). Electrons and ions though ae followed in time usng the sdf condstent eectromegnetic
fiddsinthesimulations.

The magnetic field B has only two components (transverse), By and B,, i.e, the transverse components. The eectric field

though has three components, onelongituding (E, ) , and two transverse (Ey , and E,).
Waves can only propagate aong the X direction. For the longitudind modes the dectric fidd disturbance (E,) is the wave
generator, while to the transverse modes the transverse(E, , E,) as well as the transverse magnetic fields B, and B, ) are the

wave generators. The longitudind and the transverse fidds are advanced separatdly using Poissons equations and the coupled
Amperes and Faradays laws.

Analytictreatment
The evolution of the trgectories of the dectrons in their sdf condstent eectromagnetic fidlds can be approximated to zeroth
order by the linearized nonrdaivigtic fluid equations
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where m, n,, vand € represent the eectron mass background densty, flow velocity and the eectric charge respectively,
W ¢ istheelectron plasmafrequency.
The current and the longitudina part of the dectric field determined from the following

J=(-neve + mvi)e @
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where, n,(n;) represents the eectron (ion)dendity . The transverse parts of the dectric and magnetic fields are determined
from the coupled Faraday’ s and Ampere' slaws as follows
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Noting thet in the one dimensional problem only /X is nonzero, then from these the following pair of coupled equations

results
fE 19B
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Eliminating B, from the Egs. 6 and 7 will lead to the dispersion relation of the electromagnetic waves as follows
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Assuming smple plane wave solution in the Eq. 8 for E, (eg. E, P expli(kx- wt)]) will give rise to the electromagnetic
dispersion relation of the waves propagating in the plasmamedium as follows

w? =w2 +kZc? 9)

It can be seen that repedting the above procedure for other transverse components of the eectric or magnetic fidd will result in

the same dispersion relation asthat derived in 9.
As regads the longitudind waves, performing Fourier transform of the momentum and Poisson’s equation and using the

continviity equation for the electrons one can Smply diminate E, and show the following dispersion relation
W =W e (10)
Of course had we used firgt rather than zeroth order approximation to the momentum eguation, we would smply obtain the
Langmuir wave dispersion relation asfollows
w? zwﬁe + kzzvt% (11)
Using theion motion cause ion acoustic wave.
In what follows, therefore we shall test the model via the longitudinal dispersion relation by power andyzing the E, , ax

the transversedispersion relation by power analyzing any of the transverse components E,, E,, B, B,.

Numerical algorithm
Our equations will be divided into two main classes, the field equations and the particles equations. The model is normalized

such that the dectron charge to mass ratio (e/m) is unity. Furthermore, imposing 4pnge=1 will ensure W =1, which is
used as the fundamenta frequency of the plasma oscillations and enters both the transverse as wel as the longitudina
dispersion relation. This has the added advantage that the step can be represented interms of 1/ w pe-

Spatid differences of the fidd equations are dl done in the k space. As such then the field eguations tempora dependence
arethefollowing

n_exp(- kyay)
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Note that the only physical constant which remains intact of the normalization is he speed of light c; dl the spatid derivatives
with respect to x are replaced by ik, ; and the factor of exp(- kfai) (a, represents the filtering scale ) is introduced in front
of dl the interpolated quantiies in K space to suppress high k (short wavelength) noise resulting from the linear
interpolations of the charge and currents on the mesh and smply acts as a snoothing factor. Another way of understanding
this is, this quantity is smply the particle finite size shape factor. Also with the normdization chosen, the current and the

velocity interpolated to the mesh from the particle distributions are the same.
Asregards the particle pusher, the three vel ocity difference equations in time centered form can be written as follows
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Here the superscripts represent tempora difference indices, and clearly the objective is to go from the step n to n+1, with
quantities a& n+1/2 as the middle step quantities used to time center the difference equations and therefore make the time
advancement second order accurae. This set can be solved exactly for dl the n+1 dependent v'’s, by teking dl the n+1
dependent v's to the left and dl the n dependent v's to the right, and use matrix inversion. This is how the modd pushes
particlesintime.

Finaly the last but not the least item in this section is the interpolation from the particles to the mesh and from the mesh to
the paticles. In this verson of the code the 0 cdled nearest grid point interpolation which is a zeroth order interpolation is
implemented; i.e, the charge and currents of a partice are completely given to the grid point closest to it. This procedure is
indeed a very noisy and disspative one, but in order to make it somewhat smoother, in this code, there are contributions made
to the grid points on the left and right of the nearest grid point; these contributions are of equal magnitude and opposite sign,
with the podtive contribution going into the grid point closer to the particle and the negative contribution to the grid point
further gpart from the paticle. Particles on the other hand receive dectric and magnetic fidds from the nearest grid points by
the same interpolation from their nearest grid point. The symmetry of interpolation between the particles and the grid points
insures momentum conservation and zero (to round off) sdf-forces.

Conclusions

We have shown that the coupling of charge relaxation of the dugt grains with Langmuir waves leads to decay of the latter. That
is, there can be energy transfer between the plasma waves and the dust charging process. Smilar decay are expected to occur
for high frequency waves. It is not clear how the presant decay saturated. Over longer times, we have the short growing sage,
the usua quas linear and nonlinear mechanisms fr decay saturaion, here there is aso the possbility of enhanced shidding of
thedust grains.

We should emphasize that result such as the present one are strongly dependent on the model of the dusty plasma. In particular
case, when the total charge is conserved, the total number of dectrons and ions consarved. In the other modd with infinite
plasma, the number of electronsand ionsis conserved, so the chargeis not conserved.

Figure 1 shows the dugt charge versus time. The dust charge is negative but in the figure absolute vaue of charge is expected.

The verticd axis measured by 10%e (e is the charge of dectron) and the horizontal axis meesured by 50 time step. Figure 2

shows the power spectrum of the E,(k, =20, k, =0) for the time step 400 (solid curves) and for the time step 600 (dotted
curves). By normalization of frequency, W @v, =+1.0 are chosen.
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Figure 1: Charge of dust versus time step
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Figure 2: Power spectrum versus frequency
Time step 400
Time step 600

REFERENCES

[1] Shukla, PK., Low frequency modesin dusty plasmas. Physica Scripta, 45, pp. 504-507, 1992.

[2] Li, F., Havnes, O., and Mdandso, F., Longitudind wavesin adusty plasma Planet. Space Sci., 42, pp. 401-407,1994.

[3] Tripathi, K.D., and Sharma, S.K. Sdf-consgent charge dynamics in magnetized dusty plasmas. Low frequency
electrostatic modes. Physical Review E, 53, pp. 1035-1041, 1996.

[4 Morfill, G, Ivlev, AV., and Jokipii, JR., Charge fluctuation Ingtability of the dust lattice wave. Physicd Review Letters,
83 pp. 971-974, 1999.



