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Thrust imparted from an electrodeless helicon plasma thruster is experimentally and analytically investigated by using
a pendulum thrust balance. The balance is immersed in a vacuum tank, where either a solenoid creating a magnetic nozzle
or a radial source wall or a source back plate is solely attached to the balance; then the force components arising
from these components can be individually identified experimentally. Furthermore the total force corresponding to the
total thrust can be measured by attaching all the components to the balance. The result clearly shows that the force
exerted to the back plate corresponds to the electron pressure inside the source cavity, where the ion momentum converted
from the electron pressure via a sheath voltage at the back plate exerts the force actually
It is shown that the loss of the axial momentum onto the radial source wall is negligible. The individual measurement
of the force onto the magnetic nozzle is also found to be a main component of the thrust. It is demonstrated that this
components can be significantly increased by inhibiting cross-field plasma diffusion in the magnetic nozzle. The
analytical model shows that the force onto the magnetic nozzle can be expressed by a Lorentz force due to the radial
component of the magnetic field and the azimuthal electron diamagnetic drift current. The discrepancy between the
analytical and experimental thrusts might be due to the simplified model of the azimuthal plasma current. Hence the
integration of the ion dynamic motion in the magnetic nozzle has to be incorporated in near future

Based on the above mentioned physical mechanisms, the thruster is designed to improve the performance. One of the
approaches is the design of the magnetic nozzle using permanent magnets, where a maximum thrust of about 15 mN is obtained
for the rf power of 2 kW. Another approach is a physical nozzle attached at the thruster exit to capture the momentum
of the plasma lost from the magnetic nozzle; the thruster performance is further improved.




