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Low-frequency waves, Alfven waves or fast waves, were considered as an attractive mechanism of driving plasma current because of its potential high efficiency, no density limit and the convenience of high power RF generating and launching. However, electron trapping may dramatically reduce the current drive efficiency in the subthermal resonant regime. The possibility of increasing the drive efficiency by helicity injection is proposed and developed. This scheme was also refers as “helicity injection” or “dynamo effect” or “ponderomotive forces”. This mechanism was considered to be typically nonresonant because the ponderomotive forces act on the bulk plasma rather than on resonant particles. If true, in the toroidal geometry, this nonresonant current drive does not depend on trapped particle effects and the drive efficiency is expect to be strongly increased. 

However, we examine the so-called collisionless nonresonant force by low frequency wave and found that the nonresonant current drive may be overestimated. For single particle, the ponderomotive force is only in the direction of asymmetry of the wave field quadric. For cold plasma, the Reynolds stress acting on the fluid element fully counteracts the nonresonant force offered by the quasi-linear EM force. For warm plasma, the collisionless nonresonant force is also cancelled by the nonlinear kinetic pressure force. In collisionless plasmas, all the ponderomotive forces by low frequency waves are depending on the Landau resonant absorbing. Therefore，in spherical tori where a large trapped particle fraction is expected, most of low frequency RF moment/energy is delivered to trapped electrons. As a result, the direct current drive seems to be difficult unless the collisions are frequent. However, when Alfven wave is applied, the strong pinch effect of density is expect and a large fraction of bootstrap current are returned for the momentum carried by trapped electrons.
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