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1. INTRODUCTION

A non-inductive current drive is fully expected for the stationary fusion reactor in large
tokamaks.  In particular, a lower-hybrid wave can drive a more substantial current” than
other non-inductive current drive methods such as the electron cyclotron wave?” and the neutral
beam® in tokamaks, and furthermore, the current drive has been recently performed for several
hours in the super-conducting tokamak of TRIAM-1M".  This idea of the Direct Current
Tokamak (DCT) was first proposed by Wort for the Alfven wave®.  The theoretical basis of
this phenomena has been discussed in articles by Kima®” and Fisch®, making, a quasi-linear
approximation, and in those by Mizuno” regarding the collisionless case. ~ The current drive
phenomena is regarded as the momentum transfer from waves to resonant electrons via the
Landau damping process'”.  However, in the framework of quasi-linear theory, which is
often used for describing phenomena of the current drive due to rf waves, the transfer of
momentum is not included. It should be recognized that a process of Landau damping is
basically not only the energy transfer but also the momentum transfer to resonant particles,
causing the plasma heating as well as the current drive, respectively. Nevertheless, the
quasilinear scheme describing the current drive phenomenon is not clear whether the
momentum is really transfered to particles.  As is indicated by Stix if the momentum transfer
is completed in the quasi-linear scheme the electromagnetic component of the wave is

1)

necessary which does not exist Regarding this problem, Berndtson derived the

Vlasov-Poisson equation, including a collision term which is applicable to the current drive

]

phenomena'", as an alternative to the quasi-linear scheme.  The diffusion of electrons in

the velocity space induced by a spectrum wave is numerically calculated, and results show
strong disagreement with the quasi-linear scheme in the higher rf electric field regime'?™'?.
Furthermore, it is reported that the current flow found in experiments does not agree with the
conventional theoretical understanding based on the quasi-linear scheme.  On the other hand,
we have already reported on a scheme to describe the current drive phenomena without using

any quasi-linear scheme elsewhere'®.

There we formulated a dynamical picture to describe
the current drive on the basis of a well-defined treatment of Landau damping. This theory
may be regarded as a zeroth order linear theory for the current drive.

In this paper, we attempt to give the detailed physical background of this picture, that is,
to exactly evaluate the momentum transfer from rf wave to particles.  In this evaluation, the

effective DC electric field which is actually felt by resonant electrons is derived, and the





