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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 higH’s?],0so that its
application to the electric thrusters can be considered. On the other hand, it is not clear even today how the plasma is generat
by the helicon wave. Therefore, it is an important problem to clarify the plasma generation mechanism from a physical point
of view. In the past, electron acceleration and Landau damping by the helicon wave were thought to play an essential role, bt
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 describe the dispersion relation of the helicon wave in homogeneous, cylindrical plasma. The mag
netic field is assumed to be axial and constant strength. The density profile is defined as n(r)=nupexp[-r2/L]+nb. Since only
the electrons can follow the high frequency wave field, the helicon dispersion relation can be obtained essentially by electrot
equation of motion together with Maxwell's equations. Considering the boundary condition, we use shooting method for solving
differential equations. Furthermore, Considering collision frequency nyu, in order to investigate about the energy exchange o
the helicon wave and TG wave, and plasma through a collision. In all the cases, the solutions contains four mode ,a helicon wav
and the TG wave of progressive and reflective wave. In addition, consider about the generation process of the helicon plasma
a microscopic particle movement theory by using the PIC code.

0000000000000 0000000O000O000O00O000D00ODO00DUOOO00O0DOOoDOOooDUOoOO
0000o0O00O0000o0O000oOoO0o00ooO0O00oOoO00D0OoDOOo0D0DOOOO0O0DOoOoOOOoOoOoDooOOn
goodooobbobobboooooooooobbobobobbodoooD bbb bbb o
gogodoogooooobobboddooooooobooboobobooodooooob bbb bbb oUL B
O00OUOO0O0OUOOOHEATOOOOOOO[)O

00000000000 00000000O000O0OUOO0O000O0DO00DUOOoO00DUOOoOOoOUOooOO
0000000 RU0000000000000 10°¥Ym3|00000000000000000000000000
goboooobuooobbooobbooobboobboobbobob bbb bbb boouboo b o
goooooobooobobobooooooooooboboboobbbtodoooobDbLDb bbb UU L O
0000000000000 00000000000000000000000D0O00UDOO0OoDUooOoOOoOO
0000000000000 0000000000O00U0O00O00000O00DUDO0ODO00DUOoOOoOoUOoOooOoo
00000000000 0O000O0OO0O00O0O0O0O0LOO00OO0OOOOUOOOsShamaD0O000OOOOOOO
00000oooO0o0o0ooo TGO0U0O0OO0O000DODOO000OOOO0O0DU0OOoOOODODOODOOOoOOOoOOO
Oo0ooooooooooo 80

0000000000000 0000000bO00O00000DO00oDOo0ooDooOO0O0DO BzO BOzOOOOOoOOOO
00000000000000U00000o0O00U00OU0000Oo0O000UO0UOUDO0OUO0DUOOUOOOOUO
O0000000000000 n()=nupexp[-r2/L]+nl0 00 0000000000000 wOOO0OOOOOOOOO
Oo0000000oooOO0O00000o000oooooO0o000ooo EesBOODODDOOOOOODOOODOOOODOODOO
OO00000oooooooooooo B,EO E(r)exp i(mb+kz-wt),B(Nexp iimb+kz-wil 00 OO0 O0O0OO0O0OOCOOOO
0000000000000 00oO00DoO000O000DoODo00O0 NnUDODODO0D0D0ODOO0DOOOODOOOO0OOn
0000000000000 00oo0O0nub 0000000000000 O0D0O0TGUUOOUOODOODOOOOOO
000000000 O0o0U0O0U0o0O0UOo0O0oOO0OUOO0TGULOULOOOULDOUDOUOOUOLUDOOUOOOO 4
0000000000 00O000000O0000O000O00o0O00D0OO0O0D0OO0ODOO0ODoOOOOoOOoOoOOO
goorPICOO0OO0OOOODOOOOO



