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Abs t r ac t . It has been shown that the radiation into a plasma from the structures 
composed of many waveguides is well described by the theory of the infinite structu
res. This theory results in the efficient numerical code which is appropriate namely 
for the study of the non-linear response of the plasma in front of the grill. Both 
the infinite conventional grill and the structure built up from the infinite series 
of the identical iV-waveguide multijunction sections are investigated. It is proved 
that the spectrum of the last structure is the superposition of N spectra of the 
infinite conventional grills with the specially selected phase shifts. The theoretical 
results for three long structures (24-waveguide conventional grill on ASDEX and two 
multijunction arrays - 32-waveguide grill on JET and 30-waveguide grill proposed for 
T15) are compared with the predictions of the theory of the corresponding infinite 
structures and the agreement is good. 
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1 Introduction 
At present time, the lower hybrid current drive (LHCD) seems to he a successful 
method of supplementary non-inductive current drive in tokamaks (FISH, 19S7). 
For the excitation of lower hybrid waves in plasma, the phased waveguide arrays 
called grills are used in many experiments. At first, the conventional grills* with 
independently fed waveguides were applied and theoretically studied (BRAMBILLA, 
1976; BARAŇOV and SHCHERB1NIN, 19,7). Later, the multijunction grill where 
the main waveguide is divided into a few subsidiary waveguides was proposed 
(GORMEZANO et al., 1985). The large launching structures are now usually formed 
of juxtaposed sections of multijunction type. Since the density of power radiated 
from grill into plasma is limited and narrow power spectra are required for LHCD in 
big tokamaks, the launching structure must contain tens of waveguides (LITAUDON 
and MOREAU, 1990: LEUTERER et al.. 1991). The number of waveguides is 
expected still to increase in futuie experiments. 

The standard Brambilla's theory of the grill leads to the set of A'„g x .\пюл 
algebraic equations to be solved (Ar

wg is total number of waveguides and Nmo^ is 
number of modes taken into account in each waveguide). The coupling admittances 
between distant waveguides, occurring in the equations, have the form of integrals 
with quickly oscillating integrands. Thus the optimization of extremely large launch
ing structures brings about numerical difficulties and is time-consuming. 

This paper gives the general theory of both the conventional grill and the struc
ture composed of multijunction sections on the assumption that the number of 
waveguides or sections is infinite and thai the structures are periodical. The global 
parameters of the real long structures can be well estimated by this theory because 
they are not affected by the edge effects. Moreover, an infinite structure radiates 
a discrete spectrum which can be easily treated while studying various nonlinear 
effects taking place at the plasma periphery during LHCD (HUŘŤAK et al., 1991). 
As the iterative computation of parameters must be performed in this case a quick 
numerical code is necessary. 

MITRA and LEE (1971) studied the infinite structures built up from waveguides 
which radiated into a vacuum. The methods, which they used, can be easily adapted 
to the infinite conventional grill radiating into a plasma. In the case of the structures 
composed of the multijunction sections the theory must be modified. 

Sec. 2 gives both the adaptation of Brambilla's theory to the infinite conventional 
grill (resulting in a set of Nmo<i equations) and the theory of the structure composed 
of multijunction sections. It is shown that the calculation of reflection matrix at the 
mouth of a TV-waveguide multijunction section can be transformed to the calculation 
of N infinite conventional grills each of them having the specially chosen phase shift 
between adjacent waveguides. Sec. 3 gives some numerical results for three specific 
launching structures. The computed parameters of infinite structures are compared 
with those of finite structures obtained by means of the standard numerical code. 
It is shown that, if the launching structure is sufficiently large, the present theory 
yields good values of many important parameters (total reflection coefficient, powers 
in individual peak? of spectra, spectra directivity). In Sec. 4 the main conclusions 
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are summarized. 

2 Theory of the infinite periodically 
excited waveguide structures 

2.1 Conventional periodical grill 
We start with the theory of the infinite periodically excited conventional grill which is 
schematically depicted in Fig. la. We suppose that the grill is composed of parallel-
plate waveguides and that the phase shifts Аф between the incident waves in the 
adjacent waveguides are constant. Thus we can write the tangential components of 
the electric and magnetic fields at the grill mouth in the form 
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Here x < 0, 9p(z) = 1 in the p-th waveguide mouth and elsewhere 0p(z) = 0, 
7m = y ( i f ) 2 - I- zp = (p - \)(b + d) is the coordinate of the left wall of the 
p-th waveguide, b is the width of the waveguides and d is the thickness of the walls 
between the waveguides. We use dimensionless parameters for the quantities having 
the dimension of length i.e. b —• bkv, where kv — u/c is the vacuum wavevector 
and и is the frequency of waves. We suppose that the incident waves have the 
same amplitudes A in all waveguides. Then, as the result of the periodicity, the 
amplitudes of the reflected waves В and the evanescent modes Bm do not depend 
on the waveguide sequence number p. However, the unknown amplitudes В and Bm 

depends on Аф. 
The fields (1) must be matched to the fields in the vacuum gap between the 

grill mouth and the plasma. On the basis of the Floquete theorem, we obtain the 
following expressions for the vacuum fields (x > 0) 
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Here rt = r(N:t) is the amplitude reflection coefficient of waves from the plasma and 
can be expressed in terms of the surface plasma impedance /»(;V.) (BRAMBILLA, 
1976: BARANOV and SHCHERBININ, 1977). 
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Figure 1: Schematic drawing of the infinite grills: a) the conventional one, where all 
waveguide are identical and the incident waves in the adjacent waveguides have the 
phase shift Аф; b) the grill composed of the JV-waveguide multijunction sections. 
The multijunction sections have the length Zg (or the corresponding electric length 
фо). The incident waves in the adjacent main waveguides have the phase shift Ьф. 

From the continuity of E. at the r = 0 plane we obtain the expressions for the 
Fourier coefficients Д, 

A,(l +;-.,)= (,\ + B)Fni+ Y,n,nr„ (4) 
m = l 
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where „ , 
iiXz, 1 - ( - l ) m e — v " * 4 , , 

The equations for В and Bm follow from the continuity of B9 in the waveguide 
mouths. Eliminating Ds by means of (4) we obtain: 

B(Slob + ад + f; Bn(-^-slm + к1т) = 

А(610Ь-КЮ), .' = 0,1,2.3 (6) 

where 
* Ь+rf 1 - г , р . Р ,-, 

The coupling admittances fulfil the symmetry rule A'/m = Í — 1 ) / + m I\mi- If we confine 
ourselves to A/ modes in (6) (i.e. / = 0.1. Д/ — 1) we have a substantially simpler 
set of equations for the infinite periodical grill than that for the conventional Л-
waveguide grill (here we must solve N x M equations). Moreover, the numerical 
evaluation of A'/m is significantly quicker than in the case of the finite structure. 
For the infinite structure we have only one reflection coefficient R{A<t>) = B/A. 
It incorporates the contributions to the reflected wave in a waveguide from all 
waveguides of the system. If we denote the amplitude reflection coefficient of the 
wave incident in the .7-th waveguide and reflected back to the p-th waveguide as Я^, 
than it holds 

ЩАф) = £ ) Я,ре'д*<"-'>, Я„ = i - Г МАф)е'*«'-*а(Аф). (8) 
„= , ^ Jo 

If we neglect the evanescent modes throughout, the set (6) is reduced into one 
equation, which determine approximately the amplitude reflection coefficient: 

The space spectrum of the infinite structure is composed of lines. The time 
averaged spectral power density P{NZ) radiated into the plasma (normalized to the 
incident power in the waveguide) can be written in the form 

W> = f i i Д IP.r*("+r,v.'~r;)) <W, - *.). do) 
The coefficients at the ^-functions determine powers contained in the peaks of the 
spectrum. 

2.2 Structure composed of the identical 
multijunction sections 

To make terminology clear we shortly describe what the multijunotion section is. 
Instead of having У independently fed waveguides, this structure has only one main 
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waveguide which is split, perpendicularly to the electric field of the fundamental 
mode, by Лг — 1 thin walls (dividers) into N narrower subsidiary waveguides (see 
Fig. lb) . They have different heights (in the y-directioii) in their central parts and 
in this way the phase differences between outgoing waves are settled. The length 
of the split section L% plays an important role in the optimization uf the structure. 
From the subsidiary waveguide point of view, the split is called the junction and 
from that the name of the inultijunction grill was originated. 

We suppose that the waves which feed the adjacent sections have the constant 
phase shift So. The tangential component of the electric field in the mouth of such 
a infinite structure can be written in the form 

X 

••: = ! 
The subscript q denotes the individual multijunction sections and the subscript p 
corresponds to the individual waveguides in the section. It follows from the Floquete 
theorem that Bv and Bmp do not depend on the section number q. 

We must find the linear relations between Ap a Bp (p = 1 , . . . , N). i.e. find the 
amplitude reflection coefficients г?рц.: 

fip = t f i p t ^ , H l . - l b (12) 
Í=I 

For this purpose we choose a convenient orthogonal basv* e, (j = 1. . . ...V) in the 
„V-dimensional complex vector space: 

(«Л-*-»4*', до,.£ÍLi!» + g. (,з) 

The amplitudes Ap, Bp and Bmp can be expressed in this base in the form 

e í ( P - D A 4 = ^ ^ ( e > ) „ , ^ - ^ B p = Y.B}(e})p, 

j<'-l)**Bmp = 1 Ж ( е Д . (14) 

The reverse relations are 

1 'v 
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Bmj = ^ Е " , ( ' ' - , ) Л ' - " / ^ ( е Д ; . (15) 
• V r -
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Using (13) and (14) in (It) we obtain £- in the form 

( .4 ,е- + Bi е - + t B-i ' W cos " ' ^ S'}) 
\ 4i = l / 

In (16). the shift Só is included in До, and the subscript p denotes here all wave
guides throughout and not only the waveguides of one section. 

A similar decomposition can be written also for remaining components of the 
fields in the waveguides. The comparison between (16) and (1) reverls that the field 
of the infinite structure composed of the Л-waveguide multijunction sections is the 
superposition of fields of Л' infinite conventional grills with the amplitudes of the 
incident waves Aj and with the phase shifts Аф, {j = 1. Л'). Thus we haw 
relations 

я, = я(Дс,),1, ; = i , v. (17) 
To obtain Л' values of R(A,0}) we must solve the set (6) :V-times with different Аф}. 
With the help of (13), (14), (15) and (17). we get the reflection coefficients Rj,k in 
(12), we are looking for: 

1 £ * * = £E*(*A)e- ̂ (t-') i'- ,\ />,*= 1,2,...,Л (18) 

The coefficients Rj,k do not depend on Аф and the reflection matrix is cyclic (from 
all Rj,k only N terms must be determined) 

R = 

/ #ит Rl2l . . . ,Ицч ^ 
Л1ЛГ1 #11> . . . ,R\rN~\ 

\ Л12, Я13, . . . ,Ац / 

(19) 

The amplitudes Bmp of the evanescent modes fulfill the linear relation similar 
to (12) and only, in the formulae (18) for Rj,k, we must insert Я^Д^/) = Bm/A 
instead of ЩАФ1). The amplitudes Bm, as well as B, form a part of the solution of 
the set (6) for the individual Др/. 

In the relations (12) both Bp and Ap are unknown and we must add N additional 
independent equations connecting the amplitudes of the incident and reflected waves 
at the junction 

л; = wr+£>„£?;, p=i,2,....;v. (20) 
. 7 = 1 

Here A' is the amplitude of wave incident in the main waveguide on the split, A'p is 
the amplitude of the wave propagating from the junction to the grill mouth in the 
p-th subsidiary waveguide and B' is the amplitudě of the wave reflected from the 
grill mouth in the same waveguide. 
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The reflection and transmit ion coefficients pTj and r^ can be determined from 
the continuity conditions of the tangential components of the electric and magnetic 
fields at the plane of the junction (PREINHAELTER, 19S9). In (HUŘŤAK and 
PREIHAELTER, 1991) we derived the approximate expressions for them 

2 -ir,1 • + , Гмг 1 f»»« 1 

Tf0 = 1. p . ; = 1.2 Л. (21) 

here kr = Jl — ( f ) - . To obtain the preceding expressions we neglect the evanescent 
modes in subsidiary waveguides and set the thickness of dividers to zero. 

We must now connect the primed amplitudes at the junction with those unprimed 
at the grill mouth 

ЛР = е ,<ч.4;. Я г = : . - - * - * д * ( | - , > Я : . (22) 

Here phase shift o„ is determined by the rlerlrir length uf the uiiiltijiiiirtum solum 
(Oo = Ы-*) 

The equations (12). (20) and (22) form the closed system which ran be easily 
solved numerically. If we neglect the multiple reflections of waves between the grill 
mouth and the junction we obtain an approximate analytic solution. E.g. for the 
amplitude of the incident wave Ap we have 

»P = W*'* (1 + £ PrkRksel*«k+-A - (23) 

Finally, we acquire the expression for the power spectrum of waves radiated 
from this infinite structure into the plasma. The field in the vacuum gap in front 
of the grill is, as well as the field in the waveguides, the superposition of the fields 
corresponding to N conventional grills. E.g. for the r-component of the electric 
field we have: 

E- = £ £ ^ . (e '^ + ^ e - ^ i e ^ ^ , 

(/> + f/) + (ft + rf) *:.„ = 77-^77 + TŤT̂ TT (24) 

It should be mentioned that the values of .V:.;, in (21) follow also from the Floqurte 
theorem. 

Matching fields (II) and (2-1) in the plane of the grill mouth we obtain the 
expression for Dj, 

0>.O + r„) = JT{A, + Bj)F0i, + £ B,n;Fmj,. (25) 
] = \ m = l 

Here r,1,MJ, are given by ("1) where we must substitute S. JS for Л- ,. 
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The spectral power density normalized to the power feeding one section can be 
expressed as 

РШ = £ £ Pi* H*:,s ~ *-)• (26) 

where 

р'*-(Л'*+(л--1юм'р*1 л:„ Г>л- {-'} 

The spectrum (26) of the infinite structure built up from the Ar-waveguide muitijunc-
tion sections is composed of A' partial spectra of the conventionai grills having the 
phase shifts Аф3 (j = 1 . . . . , X). The phase shift Д о between the incident waves in 
the adjacent waveguides in the multijunction sections is fixed by their construction 
and it is picked out in agreement with the requirement on the wave slow-down. This 
means that the main peak in spectrum is given by Л\ „„,„, = Д6/(6-г d). To obtain 
a purely periodically excited structure we must choose Ьф = офр„^ = Л'Др. The 
position of the main peak of the .spectrum can be shifted by changing So in vicinity 
of íóperied- hi this case the partial spectrum corresponding to the conventional grill 
with АфМля = •^o+(Í>0-SQprTiOé)/X is dominant in (26) and determine the pattern. 
This follows from (15) where we can set Ap = 1 when So ss 6фГт0л. The remaining 
jY — 1 partial spectra give the undesirable secondary peaks. This is the consequence 
of the use of the multijur.ction sections and the introduction of a new periodicity by 
i\ waveguides. 

The total reflection coefficient Я, of the infinite structure can be written 

3 Application of the infinite grill theory to some 
contemporary structures 

3.1 Conventional grill 
The 24-waveguide conventional grill was mounted at the ASDEX tokamak (see 
LEUTERER ct «/., 1991) and we now display that many results concernig its 
efficiency can be obtained more simply from the theory of the infinite grill. The 
structure and plasma parameters used in Vhe calculations are: the waveguide di
mensions b =10mm, d =4iiim, the working frequency / =2.45 GHz, the density 
gradient (Vn = 5 x 1 0 ' V 4 ) , the width of the vacuum gap between the grill mouth 
and the plasma (Xri = 1mm). 

Figs. 2 and 3 show that the dependence of the total reflection coefficient # , 
on the phase shift Аф between waves incident in the adjacent waveguides can be 
determined from the infinite grill theory. The sudden turn of curves sets in at 
Афгтп - b + d. The discrepancy at Аф < Аф„л is not important because, in this 
case, the main peak of the spectrum is not slowed down. 
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Figure 2: Dependence of the total reflection coefficient Я, of the conventional grill 
on the phase shift До. The curve parameter is the number of waveguides in the grill. 
The parameters of the structure correspond to the 24-waveguide grill on ASDEX 
and are given in text. The surface plasma density (nt^tt = 13.2nCT = 10um-3. 
n. _ <LI*J/S _. у 55 x ю*«т-3) also corresponds to this experiment. 
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Figure 3: Same as Fig. 2 only for the lower surface plasma density {п,л%г = 3.3лг 
2.5 x 10,7пГ7). 
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To investigate the effect of the number of waveguides in the grill on the agreement 
between the theory of the finite and infinite structures, we show, in the same figures, 
the results for the hypothetical 12- and 64- waveguide grills which have the same 
dimensions of waveguides as those of 24-waveguide ASDEX grill. We see that the 
agreement improves with the increasing number of waveguides in the grill. To cope 
with the problem of the finite grill we use the standard Brambilla theory and we 
consider only three modes in each waveguide as in (LEUTERER et a/., 1991). 

The theory of the infinite grill gives a good value of Rt for the 24-waveguide 
grill in the whole range of the surface plasma densities and also for the different 
vacuum gaps between the grill mouth and the plasma. This theory, however, cannot 
determine 'the reflection patterns' - the distribution of the reflected power between 
the individual waveguides. The prediction that the reflected powers are identical in 
all waveguides fits well only when »«jge corresponds to the minimum of Rt because 
the reflected power is distributed evenly in this case. 

100-

80 -

60-

40-

20-

0 I " • i | i 1 1 1 i ^ 

0.2 0.4 0.6 0.8 1.0 
Аф/т 

Figure 4: Dependence of the current drive efficiency цс<{ on the phase shift Аф. For 
parameters see Fig.2. 

The next important parameter which can be determined from the infinite grill 
theory is the current drive efficiency TJ^. This quantity is defined as 'jVi~2-weighted 
directivity' in the agreement with the theory of the current generation in tokamaks 
(MOREAU et al, 1989): 

fed = (1 - Rt)Nlpea)l {J™ N-tPiN^dN, - j T NT'P{Nt)áNz} . (29) 

Here N?,^), corresponds to the main peak of the spectrum. From Figs. 4 and 5 it 
follows that the infinite grill theory gives a good estimate of TJC^ for the 24-waveguide 
grill in a wide range of the surface plasma densities. 
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Figure 5: Same as Fig. 4 only for the lower surface plasma density (ne(jge = 3.3ncr = 
2.5 x KFir r 3 ) . 

The infinite structure has a line spectrum and the line positions are given by (3). 
They agree precisely with the positions of peaks in the 24-waveguide grill spectrum. 
In the line spectrum the power density P{NZiS) is infinite and thus we introduce the 
total power in the individual peak of spectrum 

•ЛГх,.+ДЛЪ 

JNt>t—AN, 
(30) 

The quantity I(NZI) can be used while comparing the spectra of the infinite and 
finite i-tructures. In the case of the infinite structure, accordingto (26), the quantity 
I(Nz,s) is equal to Pjt. Computing I(NIiS) for the finite structure, one must choose 
AJV* (e-g- for the spectrum depicted in Fig. 6a, where peaks are narrow and 
well separated, it is sufficient to set Д/v, = 1). Fig. 6b shows that the power 
contained in the peaks of the 24-waveguide grill spectrum is determined by Pj, of 
the corresponding infinite structure with the great degree of accuracy. 

3.2 Multijunction grills 
The theory of the infinite grills applies mostly to the numeric investigation of their 
non-linear adaptability. To determine the non-linear response of the plasma one 
must usually adopt the discrete spectrum of waves and carry out many iterations. 
Such a spectrum is, however, natural for the infinite structures and also an time-
efficient numerical code based on this theory accelarates the calculation. 

As an example we bring up the numerical results for the structure composed of 
ten 3-wavrguide multijunction sections (10 x 3) which was discussed in (HUŘŤÁK 
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Figure 6: a) Spectral power density normalized to the power incident on plasma 
which is radiated from the 24-waveguide grill for three different values of Аф (90°, 
135°, 180°). The case of the lower surface density of the plasma (n«ige = 3.3na = 
2.5 x 1017m-3). For the other parameters see Fig. 2. b) Normalized contributions to 
the total power from the individual peaks of the spectrum radiated from the infinite 
grill (marked by x) into the plasma with the same parameters' as in the case a). 
The values of / obtained from the spectrum of the 24-waveguide grill are marked 
by o. 
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a/., 1991). The effect of the ponderomotive forces of the waves radiated from this 
ill on the plasma in front of its mouth was studied in this paper. The following 
irameters of the structure and plasma was supposed: working frequency 4.6 GHz, 
mensions of waveguides 7x60 mm, thickness of dividers 2 mm, phase shift between 
e incident waves in the adjacent waveguides of the multijunction sections Аф —• 
i°, phase shift between the incident waves in the main waveguides of the adjacent 
ctions 6<f> = —90" (the fully periodic case, density gradient of the plasma in front 
grill Vn = 2 x 10"m -4 . 

фйЫ 

gure 7: Powers travelling to the grill mouth in the individual subsidiary wave-
ides of sixth multijunction section (10 x 3 waveguide grill) as functions of its 
ctric length ф0 (ф0 = kxLt, where L% is the length of the multijunction section). 
le plasma density in front of grill nedge = 2nct = 5.3 x 1017m~3. The other 
rameters are given in the text. The full lines correspond to the infinite structure 
ilt up from the 3-waveguide multijunction sections and the dashed'lines to the 
•18th waveguides of the 30-waveguide grill. 

Figs. 7 and 8 show that the powers travelling to the grill mouth in the waveguides 
the sixth section (to escape to edge effects we choose a central section) and also 
; total reflect! m coefficient determined from the theory of the infinite structure 
;ee well with the exact computation of the 30-waveguide structure in the whole 
lge of ф0- Figs. 9 and 10 confirm that the preceding conclusions are valid also for 
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Figure 8: Total reflection coefficient Rt versus ф0. The grill and plasma parameters 
are the same as in Fig. 7. The full line corresponds to the infinite structure and the 
dashed one to the 30-waveguide multijunction grill. 

another surface density. It is important in connection with the numerical study of 
the ponderomotive effects where the density is varied during the iterations. 

To generate current by the lower hybrid waves in JET the big waveguide structure 
having 32 waveguides in one row (arranged by fours into the multijunction section 
of the special type) is used. LITAUDON and MOREAU (1990) showed that this 
structure can be optimized with respect to the maximum current drive by the 
selection of the proper electric length фо of the multijunction section.The parameters 
of the structure used in the calculation are b = 9mm, d = 2mm, Д^ = 90°; the 
plasma parameters: Vn = 0.7 x 1018m~4 and nedge = 4ncr = 1.7 x 1017m"3. 

In Figs. 10 and 11 we compare the total powers in the individual peaks of the 
spectra computed from the exact theory of the 32-waveguide structure on JET with 
the same quantities determined on the basis of the theory of the infinite structure 
built up from the 4-waveguide multijunction sections. In both cases, the optimized 
one (Fig. 10) and the non-optimized one (Fig. 11), the agreement is very good and 
so this theory can be used for the spectrum optimization. 

4 Conclusions 
Using the Floquete theorem for the periodic structures we have derived the general 
theory of the radiation from the infinite system of parallel-plate waveguides into 
a plasma applicable in the lower hybrid frequency range. Numerical calculations 
are much simpler than those of the finite structures. E.g. the expression (7) for 
the coupling admittances does not include any integration of a quickly oscillating 
function typical for finite structures; also the resulting set of equations has /V-times 
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ígure 9: Same as Fig. 7 only for the higher surface plasma density пед%е = 6nc 
6 x 1018m-3. 
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gure 10: Same as Fig. 8 only for the higher surface plasma density rcetjgt = 6nc 
5 x 10,8rrT3. 
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Figure 11: Normalized contributions of the individual peaks in the spectrum to the 
total power radiated from the 32-waveguide multijunction grill mounted on JET. 
The results for the optimum фо = 112.5" and three cases of the phase shift are 
shown: 6ф = 90° - full ordinates; 8ф = 0° - dashed ordinates and 8ф = —90" -
dotted ordinates. Circles correspond to the peak integration of the spectrum of the 
32-waveguide structure. Crosses corresponds to Pj, of the infinite structure built 
up from 4-waveguides multijuction sections. The peak with j = \,s = 0 falls to 
the region of fast waves (\NZ\ < 1) which are not radiated from the structure into 
the plasma. The peaks with the others j and s are situated out of the range of the 
figure and contain a very low power. 
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Figure 1*2: Same as Fig. 11 only for the non-optimum фо = 67.5° 

smaller rank (N is the number of waveguides in the finite structure). 
The infinite conventional periodically excited grill has the line spectrum (10) and 

corresponding wavelengths are given by (3). The structure is characterized only by 
one reflection coefficient which is the same for all waveguides. The edge effects of 
the finite structure, however, cannot be studied by this method. 

The most important results have been obtained for the structure built up from 
the periodically excited /V-waveguide multijunction sections. It was proved that the 
radiation pattern of the infinite structure can be interpreted as a superposition of 
the spectra of N conventional grills with the specially selected phase shifts (13). 
The corresponding spectrum is given by (26) where the line position are determined 
Jby (24). The essential features of the individual multijunction section are preserved 
in this theory (e.g. the multiple reflections of waves between the grill mouth and 
the junction). The reflection pattern at the mouth section is described by the cyclic 
matrix (18). 

On the bases of the extended numerical investigation of three special structures 
(the 24-waveguide conventional grill on ASDEX, the 32-waveguide multijuction grill 
on JET and one hypothetical 30-waveguide multijuction grill for T15 tokamak) it 
was shown that the theory of the infinite grills agrees well with the results for 
the finite ones if they contain at least tens of waveguides. This theory allows to 
implement an effective computer program and to carry out the quick optimization 
of many parameters of the grill (e.g. the total reflection coefficient, the directivity of 
spectrum, the overloading of the individual waveguides in the multijuction section, 
the total power contained in the individual peaks of the spectrum). It is also appli-
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cable to the investigation of the non-linear effect on the plasma boundary in front 
of the grill, when the assumption of the discrete spectrum and the use of a quick 
program during the iterations are necessary. 
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