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Dispersion properties of helicon waves in a non-uniform cylindrical plasma.
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Electric thrusters, characterized with high specific impulse, are considered to be useful for long-term space missions such ¢
those to outer planets. On the other hand, the performance of many of the conventional electric thrusters (e.g., ion engines)
limited by electrode wastage. In order to overcome this difficulty, we have initiated the HEAT (Helicon Electrode less Advanced
Thruster) project [1], in order to pursue research and development of completely electrode less thrusters.

Stable generation of high density and low temperature plasma using helicon wave (bounded whistler wave in a cylindrica
geometry) is experimentally established [2]. The density of the generated helicon plasma is as higltas® o that its
application to the electric thrusters can be seriously considered. On the other hand, it is not clear even today how the plasma
generated by the helicon wave. Therefore, it is an important problem to clarify the plasma generation mechanism from a physice
point of view. In the past, electron acceleration and Landau damping by the helicon wave were thought to play an essential role
but later they were found to be insufficient to explain the observed highly efficient plasma production. Recently, Shamrai et al
[3] proposed a model based on the linear mode conversion, i.e., the helicon wave is mode converted to a large wave number T
mode as they propagate in a density gradient, and the electric field of the TG mode strongly accelerates the electrons, leading
the highly efficient production of the helicon plasma.

In the presentation, we first describe the dispersion relation of the helicon wave in a homogeneous, cylindrical plasma. The
magnetic field is assumed to be axial and constant strength. Since only the electrons can follow the high frequency wave field, tf
helicon dispersion relation can be obtained essentially by electron equation of motion together with Maxwell’s equations. The
solutions can be written using the Bessel functions. In actual experiments, however, the plasma density is never uniform. Instea
it is often a function of the radial distance from the center, and in these inhomogeneous geometries one can expect the couplir
between the helicon and the TG waves be significant. We show details of the dispersion properties in a cylindrical non-unifornr
plasma, obtained by numerically solving the boundary value problem.

0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000000000 (HEATOODOOOO)[1]0

0000000000000000000000000000000000000000000000000000
0000000 [200000000000000 108ecm300000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000000000Shamal 0000000000 00000000000000 TGOOOOO
0000000000000000000000000000000000000000000000 [3]0

00000000000000000000000000000000000000 BzOB,zOOOOOOOOOO
0000000000000000000000000wOw,;00wOOw,.00000000000000000
0000000 E«B, 0000000000000 0O0000000000000000000000 BOED E(nexp
i(mb+kz-wt)J B(r)exp i(mb+kz-wt)0 00 0000000000 0000000000000000000000000
00000000000000000000000000000000000000000000000000000
0000000000000000000TGOO00000000000000000000000000000000
00000000000000000000000000000000r000000000000000000000
000000000000000000000000000000000000000000000000 n()O000
000000000000000000000000000000000000000000000000000000
00000000000000000000



