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T™e distance between the junction of the subsidiary wave-
guides in the main weveguide and the grill mouth hes great
influence upon: the spectrum of rediated waves, the total ref-
lection coefficient, the distribution of the power among the
separate waveguides and the actual phases of incident waves.
This effect is nearly as important as that of the phase shift
between the adjacent waveguides and it is necessary to carry out

the optimization over this parameter at grill design.



Nowadays, a slow-wave structure known as the multijunction
grill (1] is increasingly often used for the¢ lower hybrid plasma
heating eand current drive in tokamaks. Three or four-waveguide
multijudfction grills serve also as construction elements of

the large antenna arrays for large tokameks [2]‘.

A schematic view of the four waveguide multijunction grill
in front of a plasma is given in fig. 1. The necessary phase
shift betwéen wuves radiated from the adjacent waveguides can
be obtained by adjusting thgfgaﬁégghts. In this paper, the influ-
ence of the length L?_of a grill upon its efficiency is investi-
gated.

As it follows from the general theory of the wave guide
junctions [3] , there are simple relations smong the amplitudes
of waves incident on and reflgcted from the junction. Thus we can

write A/
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where /V is the number of the subsidiary waveguides in the muiti-
f
Junction grill, /\

P
!/
the junction to the grill mouth in the p-th waveguide, Bp

is the amplitude of wave propagating from

corresponds to the wave reflected from a plasma to the junction

’
in the same waveguide. A and 13' are the amplitudes of inci-
dent and ruflected waves in the main waveguide, respectively. All

these amplitudes correspond to TZ;,O modes.

The numerical values of the coefficients aﬂp’;- and /3j
are determined from the continuity conditions of the tangeniial



components of the electric and magnetic fields at the plane

of the Junction. These conditions are Fourier analysed. The sys-~
tem of linear equaticns forB’and for the amplitudes of evanescent
modes 4dn the maiff waveguide is then solved by fhe method sugées-
ted in [4] for the solution of the problem of the bifurcated
waveguide (see [5] ).

When a wave passes the distance Lg between the junction
and the grill mouth its phase increases by QS in the p-th
waveguide. The reflection in the subsidiary waveguides can be
substantially diminished if we use A/¥ transformers at the jumps
of their height [6] The phasge ¢P can be expressed in a form

@ ¢ - (p-Dap, Pt N,

where A¢ is phase shift between the adjacent waveguides.
Travelling ‘through the first waveguide (at x = (J ) the wave
acquires the phase ¢ . Por some structures ¢’= k,Lg , where
k (l(z -(”/a.)’)’/z ”.“‘J/C/, but it need not be equal A¢ .
what was probebly tacitly supposed in [‘I] .

At the grill month, the z-component of the electric field
of wave can be written
3
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Here, the plate~parallel waveguides ( QA —> =0 ) are supposed
and tbus the standard Brambilla s theory [B] can be used for
computation of the power spectra of the grill, The function



6,,(1)-: 4 in the p-th waveguide mouth and 9/" (=) = U elsewhere.
Por AP and BP we obtain
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The factor(k X / 2 ke 1,,)7/1ensu_'t'es that the total energy flow through
the section of the height &/ in the parallel-plate waveguide

is equal to the total energy flow through the rectangular wave-
guide of the height &/. It follows from (5), that the incident
waves do not have the ssme amplitudesas it is usual in the con-
ventional grill. Also their actual phases are not equal ¢,,
because _~P: 3' and .B are generally complex. In the whole
problem, the phase ¢D . appears only in the ecoefficients o( P J

namely in the form £

As an example we present the results obtained at the opti-
mization of the four-waveguide multijunction grill (&= /40—‘0,'4"5““—;
. -— [ L4
bp'16(u,, dp'a’ozau/’ Lg "‘QFM} ¥: ﬁzb CHI) A¢=/20’ ¢0 '45),
This structure was used in the lower hybrid current drive experi-

ment on the small tokamak CASTOR [9] . In this tokeamek the plasma



is cold and, therefore, the required spectrum must be very bdbroad
(1.5<N,< 10, Ny=kz /L, ). The plesma psrameters in front of

the grill were chosen in accordonance with the measured values,

viz, m =30m, -+ and dm/dx <8.10 cel” .

To describe the grill quality we shall use the following
quantities: the totel power reflection coefficient 72 s the
total incident power in the grill mouth Ay (B, PZ P, p 5
where —Pn P is the incident power in the p-th waveguide),
the total reflected power in the grill mouth 5, (A5 P p )

P:

and the efficiency of the current generation Y couns &lven by
@ 4, <(1- pé)ﬂc(/\/)d/\/ f(;(,v,)d/vz},

where G(/Vg)is the normallzed spectral density of the power radi-
ated from the grill into the plasma ( KG(’Vz)dN =4 ). The net
power leaving the grill is then 4-—/?£_ . It holds 4—A.é =B”—-EJ
All quantities are time averaged and normalized to the unit power

of the h.f. generator. For the couventional grill we have E-“_ s 4,

=1/N, P =R,

From these quantities, the efficiency 4 ., varies most

znp

conspicuously with length l.g of the grill (or with ¢b_ ). It
has & maximum at 950 =70° s it is seen in fig. 2 (A 2720°
in all figures). The current drive efficiency depends on the
‘shape of the power spectrum and its parasitic branch (/\/240 )
changes strongly with qSo (see fig, 3). At qﬁo =70° only a small
part of the power incident from the generator is reflected back

(Qi_"‘z‘%) but the power inciaent on a plasma is concentrated



into two central waveguides (see fig. 4). At the same time, the
incident waves in these importent waveguides have the optimum

phase difference equal to 90" (see fig. 5).

Overloading of the waveguides can be estimated with the
help of the quantity

/3 /0 7/2
(7) /!/P = ((P{'n/p)f + (Pfu/)o) ) (b/bP) ’

which determines how many times the maximum electric field in
the p-th subsidiary waveguide is larger than that in the main
waveguide (e.g. o, % 2 in the third waveguide at ¢o =70° ).
In the experiment, the grill length l. was about 3 cm shorter
than the optimum one (which would yield ¢0 =70°), and corres-
ponded to ¢°=[f\5_°. In this case, the incident power is distri-

buted more uniformly among the separate subsidiary waveguides.

The results show that all important quantities describing the

multijunction grill efficiency significantly vary with the length

[_.ﬁ of the grill. We can thus conclude that this parameter should
be considered at the grill design.
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Schematic sketch of the multijunction grill facing
& plasma with the step and ramp profile.

Dependence of the gilobal parameters determining the
grill efficiency on (b, .

Power spectra of waves radiated from the grill into
a plasma Jor different values of ¢o ( (]50 =42° -
fu11 line, P, =12€° _ dotted line, b, = 78° -
dashed line).

Incident and reflected pcwers in the separate subsidiary

waveguides as functions of (]50 .

Phgses of the incident ( (}5 ) and reflected

tm, p
/
(QSMP ) waves in the separate waveguides as functions

of 950'
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