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In the last few decades, electric propulsion systems
such as a gridded-ion thruster, an electron cyclotron
resonance thruster, and a Hall thruster [1-3], which
generate thrust by ions, have been vigorously
investigated. Especially in recent years, a magnetic
nozzle (MN) radiofrequency (rf) plasma thruster [4,5]
(called a helicon thruster) is often the subject of studies.
The MN rf plasma thruster typically consists of an rf
antenna, an insulated glass tube, and a solenoid; it has an
electrodeless structure that allows a long lifetime even in
a high-power operation. The processes of thrust
generation have been investigated [6-8] in detail, and
now the thruster efficiency approaching thirty percent
has been obtained [9], while further clarification of the
mechanism is required yet.

The total thrust imparted by the MN rf plasma thruster
can be given by [10]

Tiota1 = Ts + Ty + Tp, ey
where T, T,,, and Ty is the static electron pressure
force onto the back wall of the plasma source, the axial
momentum lost to the radial source wall, and the Lorentz
force exerted to the MN, respectively. The terms on the
RHS in Eq. (1) can be measured individually [10] by
attaching the back wall, the source tube, and the solenoid
to the thrust balance, respectively. The previous study
shows that the Lorentz force Ty arising from the
azimuthal internal current jy and the radial magnetic
field B, is the major contributor to the thrust; Tz and
Jo are given by [10]
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where, 7,, B;, De, Pi> Nes Ny, Vi, Er, and e are the
plasma radius, axial magnetic field, electron and ion
pressure, density, ion velocity, radial electric field, and
elementary charge, respectively. In previous studies
[7,10,11], only the first term of the RHS in Eq. (2), i.e.,
the electron diamagnetic current, was considered,
assuming that an axisymmetric plasma with cold ions
and electron and radial ion inertia is negligible. As a
result, the form of the RHS in Eq. (3) can be derived,
which indicates that even though the mass of an ion is
much heavier than the mass of an electron, most of the
thrust imparted to the MN rf plasma thruster is
contributed from the electrons. Textbooks on the electric
propulsion, e.g., [12], said that the major contributor for
the thrust is the ions due to their significant momentum;
deep understanding on the thrust generation by the
electrons will be wuseful to improve the thruster
performance. Especially, it is challenging and interesting
to demonstrate the thrust generation by the electrons in
the MN.

In this study, an electron beam plasma source that can
provide a plasma potential V}, close to zero [13] is used
to demonstrate the above-mentioned electron-oriented
thrust generation, where only the solenoid is attached to
the thrust balance to measure Ty solely as shown in Fig.
1. The results show that the electrons generate the thrust
with a 1.2 cm diameter plasma source (diameter of the
filament).
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Figure 1. (a)Schematic diagram of the experimental
setup. (b)The axial profile of the magnetic field on the
axis.
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