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Abstract: Nonlinear changes of the reflection coefficient R of 
fast waves launched by waveguide arrays may be appreciably high. 
The local heating of the edge plasma by the wave may ueaken or 
even suppress Lhese changes of R. 

1. Introduction 
The fast wave in the lower-hybrid range of frequencies 

is a possible canoidate for plasma heating and/or current drive 
in react.г grade plasmas. Waveguide arrays may be used to launch 
fast waves suitable for current drive in large tokamaks /1 - 4/. 
According to /5/, the optimum frequency is about 1 GHz. In Ref. 
/6/, it has been shown that the energetic alpha particles tend 
to absorb fast waves. However, because of the spatial peakiness 
of the alpha particle production function and because of the 
fact that a significant amount of wave power may be absorbed by 
the electrons before the wave reaches the centre of the device, 
the actual power absorbed by the alpha particle population may 
be appreciably smaller than that absorbed by the electrons 111. 
Further, fast waves require the lowest frequency for best coupling 
and strongest tunneling through the cut-off layer /8/. As we 
show in the following, this drawback may be at least partially 
overcome by ponderomotive effects of the wave near the antenna. 

Such nonlinear effects for the slow wave have been studied, 
e.g., in /9 - 13/. The ponderomotive forces of the slow wave lead 
to a decrease of the plasma density in front of the grill and to 
corresponding changes of the reflection coefficient. On ASDEX, 
the nonlinear growth of the reflection coefficient of the slow 
wave has been saturated due to the local heating of the plasma 
by the wave in front of the waveguides /12/ 

For the fast wave, some preliminary computations are described 
in /14/. The purpose of the present contribution is to estimate 
such nonlinear ponderomotive effects near the grill antenna, namely 
for reactor grade plasmas for fast waves at lower hybrid frequen
cies and the corresponding nonlinear changes of the reflection 
coefficient. The effects of the wave scattering on plasma density 
fluctuations /7/ and on selfconsistent plasma density perturbations 
due to ponderomotive forces (see, e.g., /15/) will not be investi
gated here. 
2. The model 

We assume step and ramp profiles of the unperturbed plasma 
density n0 and temperature T0, 
(1> no = nb + nc x / Ln' 
(2) To = Tb (1 + x/4)f 
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nb> Tb a r e tne unperturbed boundary density and temperature, nc is the density for which the electron plasma frequency equals the 
wave frequency f = CJ /2т and Ln and LT are some characteristic lengths; the magnetic field В is oriented along the z-axis. 

The fast wave is launched by a waveguide array infinite in 
the poloidal (y) and toroidal (2) directions. Waveguides are 
filled with a dielectric with the permittivity E r and are oriented with their longer sides along B. 

Ponderomotive forces lead to changes in the plasma density 
n /16/ 
(3) n = ne~" , S = W/T, 0 

2Я2 , . . -no 
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У У n-nl-ф 
= £vw» £= €, Еу is the electric field of the wave, ig = Ь ху, t= txx, ny = kyc/to , nz = kzc/cj and T is the plasma temperature which may grow due to the plasma heating (in front of the grill) by 

the wave /12/. The nonlinear wave propagation is described by 
the following equation (for the linear case see, e.g., /2/), 

-n g dW W dT 
(5) E ; • E (—*-[ (g/T) — + g - 2 — 1 

y y I 1-n* L u+u1nb/n£. du Л£ du •» 

* l-n2-n2 
92 

y z lA 
)=o, 

u = u> x/c, u2 = CJ LR/c ; Eý= dEy/du, EJ = d
2Ey/du

2. 

The boundary conditions are imposed inside the plasma /11/, 
where the nonlinear effects may be neglected and the linear 
theory /17/ is valid. Due to the presence of the first term 
in the square brackets in (4) and of the second term in the 
square brackets in (5), the Eq. (5) is solved by iterations 
and using the Runge - Kutta method. It is further assumed that 
T grows either proportionally (i) to the Poynting vector S, 

(6) T = To (1 + S/S0), 

or (ii) to the second power of E , 

(7) T = To (1 • EyEj/E
2), 

2 
where S and E are some constants, о о 
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3. Computational results 
The changes of the reflection coefficient R with the power 

density S are plotted up to very high power densities on Figs, la 
- d for ny = 0,0.5,1,2, respectively, for £ r = 5.6 and on Figs. 
2a - d, again for ny = 0, 0.5,1,2, respectively, for £r = 8. The 
other parameters are n2 = 2T Ln = 0.3 cm, Lj = 3 cm, f = 1.2 GHz, В = 5 T, To = 7-5 eV, the eventual changes of T with power are 
neglected here. The solid line is.plotied for nD = 8.73x1011 cm-3, the dashed line for nD = 2.61X101* cnr-> and the dotted line for high boundary density nD = 1013 cm-3. 

It is obvious that the nonlinear changes of R may be apprecia
bly great even fcr realistically high power densities 3 or 4 
kW/cm2. 

The dependence of the nonlinear R on nD can be found in Fig. 3 for f = 2.45 GHz, В = 2.8 T, £ r = 8, ny = n2 = 2, Ln = 
0.3 cm, LT = 3 cm and S = 0.1 kW/cm2 (solid line), S = 3 kW/cm2 
dashed line) and S = 10 kW/cm? (dotted line). Again changes of T 
with growing S (and Ev) are neglected. 

The dependence of R on f up to very low frequency 0.2 GHz 
is plotted in Fig. 4 for S = 0.1 kW/cm^ (solid line) and for 
S = 10 kW/cn»2 (dashed line); for each frequency, nD is chosen 
as the cut-off density; the other parameters are В = 2.8 T, 
£r = 8, ny = 0, n2 = 2, Ln = 0.3 cm and LT = 3 cm. Again, changes 
of T with growing S агз neglected. 

Finally, on Figs. 5, 6 we see the effect of changes in T 
with growing S (and ty) on changes in R. ln Fig. 5 it is assumed 
that T doubles for S = 5 kW/cm2, in Fig. 6 we assume that T 
doubles for S = 2 kW/cm2. The dashed line is depicted assuming 
that eq. (6) is valid, the dotted one assuming the validity of 
eq. (7) and the solid line for T independent on S. The other pa
rameters are ny = n2 = 2, Ln = 0.3 cm, Lj = 3 cm, £ r = 8, В = 2.8 T and the frequency is very low, f = 0.2 GHz* nt, = 1793 nc. 

It can be seen that the heating of the plasma in front 
of the waveguides tends to weaken the nonlinear ponderomotive 
changes of R. The same has been observed in ASDEX for the slow 
wave /12/. However, as the electric field of the fast wave is 
smaller than that of the slow wave for same power densities S, 
the plasma heating in front of the waveguides should be also 
correspondingly smaller. Therefore, the weakening of ponderomo
tive effects by plasma heating in front of the waveguides 
should not be so strong for the fast wave as for the slow wave. 

4, Conclusions 
The nonlinear changes of the reflection coefficient may be 

appreciably high even for power densities in the range of 3 or 
4 kW/cm2. The effects of ponderomotive forces lead to the growth 
of the plasma density in front of the grill for the input parame
ters chosen in the computations, whereas for the slow wave the 
plasma density always decreases with growing S. For small plasma 
density in front of the grill ponderomotive forces thus lead 
to the decrease of R, whereas for high plasma densities R grows 
with growing power density S. The heating of the edge plasma 
by the wave tends to weaken these changes. Further work on opti
misation of the nonlinear coupling for various conditions would 
be useful. 
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