


technical parts of the launching systems, i.e. generators, 
transmission lines, matching systems, but shall focus on 
the physics of power coupling. Let us first start with the 
launcher theory.  

II. ELEMENTARY WAVE COUPLING THEORY 

II.A. Types of launcher and coupling  

The simplest case is that of electron cyclotron waves 
in large machines. In this case, the wavelength of the 
vacuum wave (k0=ω/c is the vacuum wavevector) 

λ = 2π / k0
(1) 

is very small as compared to the plasma cross-section. The 
wave is launched as a propagating wave pencil that will 
progressively convert to a plasma wave. Because of the 
smallness of the wavelength, the boundary conditions at 
the conducting wall of the machine, as well as on the 
launching structure, play no explicit role. The wave can be 
accurately described in the geometric optics limit and the 
only boundary conditions that matter are the initial 
launching angle and reflections at the wall, if any. 

If the vacuum wavelength becomes comparable to the 
antenna structure, the scale length of variations of edge 
plasma parameters or the plasma radius, the launcher 
environment and the plasma will affect the coupling 
process and a full boundary-value problem has to be 
solved to describe it. Such is usually the case of Alfvén 
wave, ion cyclotron, or lower hybrid wave launchers in 
medium or large-size machines. But this may also be the 
case of electron cyclotron launchers in low-field, small 
machines. 

One can still distinguish two different cases in the 
latter category. Either the vacuum wave propagates inside 
the torus chamber, or it is evanescent. This depends first 
on the size of the machine relative to the wavelength. 
Indeed in a torus, the poloidal and toroidal wavenumbers 
will be quantified. To a first approximation, if we call R0

the major radius and r0 the minor radius of the machine, 
the fundamental toroidal wavenumber of the toroidal 
cavity will be 1/ R0 and the poloidal one 1/r0. Let us call m
and n the poloidal and toroidal wavenumbers respectively, 
then the dispersion relation for vacuum waves can be 
written (with kr the radial component of the wavevector) : 

kr
2 = k0

2 − m2 / R0
2 − n2 / r0

2  (2) 

The wave can propagate towards the plasma inside only if 
kr is real because the fields behave as  

E, B ∝ exp(±ikrr)  (3) 

The existence of the m=n=0 mode is prohibited by the 
metallic boundary conditions. Hence, a necessary 

condition for the vacuum wave to propagate inside the 
torus is  

k0 > m / R0
(4) 

If k0<r0, then only the m=0 mode can propagate and the 
rest of the poloidal spectrum is evanescent. It is usually the 
case for medium size or large machines that part of the 
antenna spectrum is propagating, part evanescent. One can 
globally estimate in which category a launching structure 
will fall only from its dimensions and phasing between 
elements. Let us call ky the poloidal wavenumber and k//

the toroidal one [we shall associate to (x,y,z) the radial, 
poloidal and toroidal directions respectively]. If the 
launching structure has width w the support of the 
launcher field or current is (up to a translation) 
proportional to the function  

S// (z) = γ (z) − γ (z − w)  (5) 

which power spectrum is proportional to  

S//
2 (k // ) ∝ sin2 (k //w / 2)  (6) 

Therefore, the typical parallel wavenumber of the structure 
can be taken as k//a=π/w. Similarly, if the structure has 
height h, the typical poloidal wavenumber is kya=π/h. 
Therefore, one can estimate the typical radial wavevector 
for the launcher from a formula similar to Eq.(2): 

kr
2 = k0

2 − kya
2 − k// a

2  (7) 

Assume, as is usually the case in the lower frequency 
range (f≤fci) that the antenna width is much smaller than 
the wavelength. Then the poloidal average (ky=0) of the 
field will decay as 
exp(ikr x) = exp(−k//ax) = exp(−πx / w)  (8) 

This provides a simple rule to estimate the evanescence of 
the field launched by the antenna in vacuum. If the 
launcher is made of an array of identical elements spaced 
by Lz<w in the toroidal direction and excited with a phase 
difference Δφ, then the typical parallel wavevector must be 
taken as k//a= Δφ/Lz . (if >π/w, and similarly for the y
direction). Evanescence will then be stronger than in the 
previous case of an unphased structure. 

We shall now introduce coupling theory, on the basis 
of the simplest model. More sophisticated theories rest on 
similar principles but include more of a realistic geometry. 

II.B. Coupling model 

We consider the simplest case of an antenna facing a 
large plasma such that the plasma looks nearly uniform in 
the toroidal (z) and poloidal (y) directions (Fig.2). In the 
radial direction x the plasma is usually non-uniform, and 
this is taken into account in standard coupling models, but 
here, in order to simplify the algebra, we consider a step 
model. The density is zero for x<0 and constant density for 
x positive. We assume that the absorption is good and 
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