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In order to configure electrodeless electric thrusters, we have proposed several 

plasma acceleration schemes utilizing eternally applied oscillating electromagnetic 

(em) fields for our HEAT (Helicon Electrodeless Advanced Thruster) project [1], 

such as the Rotational Magnetic Field (RMF), the Rotational Electric Field (REF), 

and the Ponderomotive Acceleration (PA) schemes. Here, “electrodeless” means that 

no electrodes in thruster systems make direct contact with the hot plasma propellant, 

leading to the almost limitless lifespan of the thruster hardware to realize 

next-generation advanced electric thrusters that can serve various ambitious future 

space exploration missions. 

In the RMF and REF schemes, a dc azimuthal current Jθ is induced out of externally 

excited RMF or REF in the plasma, then the Jθ × Br (the radial component of the 

background diverging B-field) force pushes the plasma to cause a unidirectional 

plasma flow. In the PA scheme, a suitably shaped ponderomotive potential of a 

localized ion cyclotron wave can accelerate plasma ions. In all these schemes, what 

we want is a unidirectional (or dc) fast plasma flow out of externally exerted ac fields, 

meaning that some kind of nonlinearities must be invoked. We will discuss relevant 

physics issues that are applicable to various plasma fields, such as space, fusion, and 

processing plasmas. The aim of our HEAT project will be briefly described as well. 

 [1] S. Shinohara et al., “Research and Development of Electrodeless Plasma 

Thrusters Using High-Density Helicon Sources: The HEAT Project”, Proceedings 

of the 32th Electric Propulsion Conference (Wiesbaden, Germany, 2011), 

IEPC-2011-056 (total 10 pages). 
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