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Abstract 

Design of the multifunction grill which is supposed to 
he used in the current drive experiments calls for the optimi­
zation over three most important parameters: the phase shift 
А ф among the adjacent waveguides, the length of the multi-
junction grillL a, (from the junction to the mouth) and the 
surface density fiQ . This has been demonstrated on the results 
of the numerical investigation of the four-waveguide grill 
designed for a small tokamak. It has been shown that current 
drive efficiency (or the directivity) can reach 50 % for prac­
tically arbitrary Д ф (-L 0 °180 °), if we choose La properly 
The enhanced current drive efficiency at А ф f 30 follows from 
an unevenly distributed pev;er among the separate waveguides 
and from the selfadaptive adjustment of the phases of the inci­
dent waves. Risk of the power overloading of the waveguides 
grov/s with the decreasing 1l0 . A short description of the 
author's variant of the theory of the wave diffraction on the 
junction is given in Appendix* 
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1. Introduction 

The waves having the frequency in the re-rion of the lower 
hybrid resonance are nov/ 3till more frequently used for the 
plasma heating and the non-inductive current drive. It is given 
both by the existence of the powerful sources of radiation 
working at several gigahertzs and by the possibility to control 
the profil of the current generated in this way and thus improve 
the plasma stability. 

The 3low-down structures known as the grills serve usually 
for the purpose of transmitting the power from a h.f. generator 
to a plasma. Originally, this structure was build from separate 
independently phesed waveguides /1/. Later, it was proposed by 
D. Moreau and Т. К. Nguyen to use a technically more simple 
structure: the nultijunction grill 12/. In this concept the 
terminal part of the waveguide is split into several sub­
sidiary waveguides by means of the dividers prependicular to 
the electric field of the incident TE^ mode. If we adjust 
the heights of the subsidiary waveguides properly, we obtain 
the necessary phase shift between waves radiated from the adja­
cent waveguides. At present time, three- or four-waveguide 
multijunction grills serve as construction elements of the 
large anténa arrays for the large tokaná ks /3/. 

The original theory of the multijunction grill used the 

scattering matrix formalism and the complex power conservation 

law /4/. In our paper we are using the important statement from 

the general theory of the waveguide junctions: there are simple 

linear relations among the amplitudes of v/aves incident upon ' 
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and reflected from the junction /5/. The form of these rela­
tions is giver-in Sec. 2. In App. 1. we shortly describe how 
to obtain the numerical values of the coefficients in these 
relations. The method is based on the procedure applied by 
R. Mi tra and S. W. Lee to the solution of the problem of the 
bifurcated waveguide /6/. By this way we obtain the amplitudes 
of waves incident upon a plasma from the subsidiary waveguides. 
If we insert these expressions into an arbitrary code of the 
conventional grill we can easily determine all needed quanti­
ties. We have used a oode based on the standard Brambilla's 
theory /7/ with some extensions /8/, /9/. 

Sec. 3. contains the numerical results which served for 
design of'the four-waveguide multifunction grill mounted on 
the tokamak CASTOR /10/. Is is a small tokamak having a weak 
magnetic field ( ) and bad energy confinement so 
that the spectrum required in the current drive experiment 
must be very broad (f.5<Mg<f0 , where у, ). The 
attention was concentrated on three main parameters which de­
termine the grill efficiency: on the phase shift A © between 
the adjacent waveguides, on the length Lg, of the multijunction 
grill*' and on the surface density fl0 of a plasma in front of the 
grill. A schematic view of this grill is given in Fig. 1. 
T) 

The importance of this parameter at the multijunction grill 
design was pointed out by 0» Moreau et al. in /16/ and 
systematically studied by autor in /11/. 
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The phase shifts and the reflection coefficients in the 
separate subsidiary waveguides are given in App. 2. 

2. Summary of the theory of the multifunction grill 

As it was stated in the Introduction, there are simple 
relations among the amplitudes of waves Incident on and 
reflected from the junction. Thus we can write 

where /V is the number or the subsidiary waveguides in the multi-
junction grill, Ap is the amplitude of wave propagating from 
the junction to the grill mouth in the p-th waveguide, JDp 

corresponds to the wave reflected from a plasma to the junction 
in the same waveguide. A and 3 are the amplitudes of inci­
dent and reflected waves in the main waveguide, respectively. 
All these amplitudes correspond to TEi0 modes and the parti­
cular expressions for the corresponding electric fields at the 
junction are given in App. 1. 

The numerical value of the coefficients ^pj end Л J 

are determined from che continuity conditions of the tangential 
components of the electric and magnetic fields at the plane 
of the junction (see App, 1.). 

When a wave passes the distance La between the junction 
and the grill mouth its phase increases Ъу фр in the p-th 
waveguide. The phase ф can be expressed in a form 
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*г) ФР* К + (Р-'1)АФ , р - ' . г , - - - , * -
Travelling through the first waveguide (at £ « 0 ) the wave 

acquires the phase yf . If the first subsidiary waveguide has 

the same height & throughout; Ф = ZALQ where Я - (fJ-[TÁz) J 

The intrinsic reflection in the subsidiary waveguides 

can be substantially diminished if we use A llf transformers 

to make smoother their height jumps /12/. Because the overall 

reflection coefficient of the multifunction grill is usually 

very small we investigate this problem more throughly in 

App. 2. 

At the grill mouth, the z-component of the electric 

field of wave can be written 

(3) 

Here, An and 3 ^ are amplitudes of the incident and ref lected 

waves a t the g r i l l mouth, respect ively, %.*> i s the z-coordinate 

of the le f t wall of the p- th subsidiary waveguide ( j ^ s 0 ) , 

fpm a r e ^ е amplitudes of the evanescent modes, Грт * 

in the p- th waveguide mouth and 

6L \4L)90 elsewhere. The pa ra l l e l -p l a t e waveguides {CL —>oo) 

are supposed. 

For Ал and J 3 ^ v/e obtain 
Ť ? 
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A--rfárK, vrtá-K1** 
and thus 

-The factor ( &ж /2 Л у ) ensures that the total energy flow 
through the section of the height Q/ in the parallel-plate 
waveguide is equal to the total energy flow through the rec­
tangular waveguide of the height CU . It follows from (5), 
that the incident waves do not have the same* amplitudes as it 
is usual in the conventional grill. Also their actual phases 
are not equal to &> because o(p у and Bp are generally com­
plex. In the whole problem, the phase <f>0 appears only in the 
equation (5) namely in the form if ''* 

How we make use of the standard Brambilla's theory to 
solve the problem of the multifunction grill. The matching 
of fields in the grill mouth results in the following set of 
the equations for JB- and rLm : 

(6) 
N 

af -fin ъ* 
Tht explicit form of the coefficient C^P . C&£ and Гл.£ 

can he found e.g. in /8/. If wé now insert Др given (5) into 
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(6) we obtain the final set of the equations for the multi-
junction grill: 

0-1 «V /T.i 7 

(7) д/ 

Once .this system _is solved andlL eÁd A & L are known, we dan 

determine Ap and 25 and thus we can easily compute the 

power spectrum and the reflection coefIcients of the multi-

junction grill. 

3. numerical results 

As an example we present the results obtained at the 

optimization of the four-waveguide grill which was used in 

the lower hybrid current drive experiment on the small toka-

mak CASTOR /10/. The geometrical dimensions of this structure 

are following: the height of the main waveguide CL « lb cm. 

Its width .6СЛ1 t the width of the subsidiary waveguides 
t\*1m (p**1,2,b,k)* the width of the dividers dp* 0.2.СГП 

and the length Lf *t the structure is 35СП , which is 
giving fom 45 ( see App. 2.). The working frequency laf.25(rHi 
and the phase shift Дф between adjacent subsidiary wave­
guides is 120 . The plasma parameters In front of the grill 
we choose in a'cordonance with the measured values, viz. /2- « 
»3Dncri{ (fierij • 2xf0 cmmi ) *TLád/2/dx-SxiOHcm'* 
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To describe the grill quality we shall use the following 
global quantities: the to'al power reflection coefficient n^ 
( /L - IB П ), the total -ncident power in the grill mouth 
?ini H'fi*^ Ъп/Р,^т %,р ~IApl rr is the incident 
power in the p-th waveguide), the total reflected power in the 
grill mouth Tfl (^, я5Г_5р » where 5р^'Д»/ >̂ * and 
the efficiency of the current generation /П given by 

cetur 
(e> ?„, - ři-*t) {h % щ -ferndHm), 
where Gr ( N $) is the normalized spectral density of the 
power radiated from the grill into the plasma ( \Q(Hf\dNt * i). 
The net power leaving the grill ia then i "n^ . It holds 
l~n. — Pj~ г All quantities are time averaged and 
Hj £L . ft are normalized to the unit power of the b.f. 

11 171 I It 

generator. For the conventional grill we have 7ya — / 

The quantity у provides only a crude estimate of 
the actual current drive efficiency which can be lower or even 
higher than 47-.,- That is for two reasons: 1) the short 
wavelength part of the spectrum ( N1 » / ) is usually absorbed 
in the scrape-off layer of the plasma and it does not contribu­
te to the current} 2) the waves with N* in the inaccessibi­
lity region ( i * N* (ÁL^J лге converted into the fast waves 
having weak damping and they also do not contribute to the 
current generation. 
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First, we shall pay attention to the effect of the 
phase shift Л (f> on the functioning of our.-multijunction 
grill. Our results are collected in figs. 2 - 5 where we 
choose <p0 s if§ and the other parameters one can find at 
the beginning of the section. 

As it is seen in fig. 2, Tit is very small for (ьфе. 

€ (£/0°, MO*) but with the exception of Д^/v 135°xs at least 
5 times greater than that given oy the approximate formula: 
\ щ - ( ( H - i ) df 12/p f~ 0. 00k (зее /12/). 
At the same time the average power density is 1.5-18 times 
greater than that in the conventional grill. Better insight 
into the power overloading of waveguides one can get from 
fig. 3, where the incident and reflected powers in the sepa­
rate subsidiary waveguides are depicted as functions of АО 
The maximum electric field in the p-th waveguide can be estima­
ted with the help of the quantity 

It determines how many times this field is larger than the 
Incident electric field in the main waveguide (e.g.A/, = 2.4 

at &6 » fflk ). We can also see that in a broad interval of 
&ф either third or fourth waveguides does not transmit any 
power. The phases of the incident and reflected waves are 
given In fig. 4. Abrupt changes of these phases coincide with 
Д ф where the corresponding power is zero or very small. 
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The redistribution of the incident power and the aelf-
consistent set-up of phases are giving together the effect 
known as the selfadaptation. As a result of che ее If adaption 
we have low л ^ and an unusual dependence of /̂ /to- о п Д 0 . 
From fig. 2 we see that it has three maxima in which it 
reaches values about 50 %. Рог the conventional grill with 
the identical A*p in each waveguide and with constant phase 
shift; Л?cuf, has only one maximum at Л ф » SO . As we 
shall see later ^gu,, can reach value higher than 50 % at 
any if we choose <Ьф properly. The enhanced 
current drive power of the multifunction grill can be under­
stood if we notice that in favorable cases the amplitudes 
of the incident waves in the subsequent waveguides grow up. 
Same effect was observed by the author at the conventional 
grill with uneven amplitudes of the incident waves in the 
separate waveguides /13/. 

The shapes of the power spectra are given in fig. 5 for 
some selected values of Лф We can see that the 
maximum of £|A£)for N- > 0 shifts again to larger Л/g if 
Д ф grows up but this process is not so straightforward as 
for the conventional grill. E.g. the spectra for &<j> * 120 and 

coincide with oa*. another for N% У 0 but they have 
substantially different parasitic branches ( Л ^ < 0 ). This 
gives much better conditions for the current drive at АфшЛ5-
than at A ý - 120 . 

The efficiency of the multiJunction grill can oe also 

influenced by varying its length L A> . The parameter L a enters 
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in the theory only through ф We have investigated the 
dependence of all quantities on Ф0 in three important 
cases of the phase shifts, viz. Д Ф = 90 f &ф = 120 and 

At АО в SO the dependence of the global parameters 
on (p0 is rather inexpressive. In this case 4? has a 
flat maximum for <bQ £ ( 135 , ISO Jas it is seen in fig. 6. 

In the same interval fl, /v 2 /0 hut the incident power is 

unevenly distributed among the subsidiary waveguides (see 

fig. 7). The phases of the incident waves are practically equ­

al to (f>0 (see fig. 8). The spectre for different ф0 differ 
one from another mainly in their parasitic branches (see 
fig. 9). Thus it seems -chat the multifunction grill with 

fits very well in the current drive experiments . 

The case Л ф mf20was fully discussed by the author in 
/11/ for the same grill. It follows from that analysis that 
the dependence of all quantities on (f>0 is more,pronounced 
and thus the interval of the suitable ф0 Is narrower (in 
this сазе /Я has a maximum até^lfQ). с сиг fo 

The last case which was investigated was that of 
. Here, the spectra are symetrical with respect 

to NusD and thus ň7tíir
,B0' The reflection coefficient 

H^ remains large for all фф (.Я^~26АаЬ Фо s '$& and 

%^21%ш\ф9шН0е ). By varying ф0 we can reach only 
redistribution of the incident power among the separate 
waveguides and slight modification of the spectra at M A / / 
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If © e 3 J the power is distributed evenly anicng the wave­
guides. At Ф * ivO the radiation commes predominantly from 
the centrál waveguides ( #_ = 0.165 iT^ „ ^0.3Sh ) and the 

spectrum starts from / N-[ > 5 . 6 .In turn at Ф = 90 
the outer waveguides transmit the great part of the power 
( Яу_ s 0.36 i V;n * ~ 0. ik ) end the spectrum contains 
a large proportion of waves with N~ ** i • 

The parameters Д é and S0 are fixed by the construc­

tion of the multifunction grill and cannot be changed during 

the operation. However, the magnitude of the surface density 

of a plasma has much deeper effect on the multifunction grill 

efficiency than it has on the efficiency of the conventional 

grill. The effect of the surface density on the reflection 

coefficient and the directivity was previously studied in /15/ 

and /16/. The surface density can be influenced by changing 

the plasma column position. Also non-linear effects can disturb 

the density in front of grill /14/. 

Prom fig. 10 we can see, that the overloading of the 

grill is more severest low densities. The reflection coefficient 

grows but not so sharply as in газе of the conventional grill. 
The meet interesting is behaviour of the current drive efficiency 
^ . It even can increase with lowering tl0 . As it is seen 
from fig. 11 the spectrum varies strongly with fl0 . At a 
low ft9 the multijunction grill radiates the h.f. power effec­
tively due to selfadaptation but in the spectrum the waves 
with ^ i ^ i are preferred. At the conventional grill the 
spectrum is kept fixed but л*у grows sharply if fl0 decreases. 
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4. Conclusions 

Optimizing the multifunction grill for the lower hybrid 
.current drive we would start with the choice of Д ф (the 
working frequency and the dimensions of waveguides are inter­
locked and usually fixed by other reasons). This gives us the 
requisite value of N& where the spectrum has maximum. We need 
not now confine ourselves toД^«^9which was only suitable for the 
conventional grill. Practically any arbitrary value of Д ф 

can give a sufficiently high value of f? euft . This can be 
attained by the choice of ó0 (or the lenght /,- of the 

multifunction grill). At the same time the power is distribu­

ted unevenly among the subsidiary waveguides and the phases 

of the incident waves are not equal to designed ф~ . If it 
is possible the choice is practical because the cur­
rent drive optimum can be reached in a broad interval of ffl 
One must also keep in mind that the lowering of the surface 
density can lead to the deterioration of the grill quality 
viz. in respect of the power overloading. 

The theory of the wave diffraction on the junction is in 
it 

App. 1 formulated in such a way that can be used also for 
several junctions in a tandem and it respects fully all questi­
ons connected with the conditioned convergence /17/ of the 
problems where edges play role. 
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Appendix 1. Determination of the coefficients <A-B , o(^ / 
a n d ^ 

In the vicinity of the junction the z-component of the 
electric field of the wave in the main waveguide (X<—/.л,) 
can be written as 

(Í0) 

Here j%{{fl 7Г1(г)Х+{Г1а,У*-Лг ) z and €Un are 
the amplitudes of the evenescent modes. The expressions for 

E* //„ И и //~cem be easily obtained and E~*0 . 
*~x i Xr'ir'jl " ji 

The f ie lds in the subsidiary waveguides have similar 
shapes and e.g. again for Ем we have p 

H e r e Г*п*{(П К I fy f+ (IT la }*- I* ) L and < t M are 
the amplitudes of/the evanescent modes. The expression (11) 

i s valid for X > - Z . * and &. é ( Mpf Л~ +1^\ 

Before matching f ields at Xm"Lait i s suitable to 
Г 

suppose for some moment that the faces at the dividers are 

shifted to Y« -L**(S.Then we can express E„ end H* as the 
fields in shallow short-circuited waveguides which had ar i ­
sen in this way (see / 6 / ) . 
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The conditions of the continuity of £ - and Нм ("£ 

i s then continuous automatically) in the z-representat-on 

are not apt for the numerical solut ion. Thus we carry out 

their Fourier ana lys i s . If we perform the l imit д'-> 0 end 

eliminate CL - л we obtain the f ina l set of the l inear equa-

tions for &л and Jb . Prom the continuity of E * and 

H* in the mouths of the subsidiary waveguides we have 

z n-i ' fn 

(13) Г*(рЛ»)&+&)*л-о. p-u,....h 
Гп П 1-12,3.... 

The condition" of on the faces of the dividers gives 
«c 

CH) , •! _ / 
Л*&*(р,»)*п-*Л, P-S.2....M-/ 

JZ *(pA») \,0 , Л/,*,*,... (15) 

Here , 
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*ЬМ-{"«(*£л)*(%(к-ь-1))ее» 
Vř 

We also get the equations for 

(16) A^A'i-j Y_ а„П(р.п)(1+ ^-)//,=/,2,...,X. 
To obtain the general solution of the set (12) - (15) 

we must solve these equations for the following ( 
choices of the right-hand sides: 

A'-O, B;-I, B;=O, x-0 
A'-0, 3l-0, B'r1 .B3*D, fro 

A'-O, B\-0, К-Г°Л'1' 
A'-i, з;=о,: з'м'0 

In th is way we acquire { M+1 ) solutions Ъ / й/1 &» ••• 

where Í, » if2r. . NtN+1 . The general solut ion of the se t 

has then a form 

,17l я ' - г Л ; *З"",4,А' 
(17) ^шн / 

N 
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If we compere (1?) with (1) we have A = 3 ari 

fl: = b* * where i^=1l2r..N» If *e insert & £ g.<.ven by 

(17) into (16) and compare with (1) we obtain 

(18) 

Now we make a short comment to the numerical procedure 

used for the solution of the set (12) - (15). This infinite 

set corresponds to the problem of the diffraction of waves 

on an object with edges. Such a set has an infinite number 

of the solutions and only one has physical meaning f-зее /5 - 6/), 
To obtain this correct solution numerically we must choose the 
numbers of modes in the separate waveguides in proper way- V/e 
proceed in similar way as R. Mi tra when he solved the diffrac­
tion of waves in the bifurcated parallel-plate v/eveguide /6/. 
Thus we pick up the number of modes in the separate waveguides 
proportionel tc tbsir width. For our grill r : Up '• dp '• 25:5'i. 

The total number of modes to the right of the function must 
be same as the number to the left of the junction. Thus, if 
we take 46 modes in the main v/aveguides,we have 10 modes ir. 
each subsidiary waveguide and 2 modes on each divider face. 
With this choice of mode numbers the sequence of &* converges 
well and the energy flow across the junction is conserved to 
eight digits. 
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Appendix 2. The phase shifts and the reflection coefficients 
in the subsidiary waveguides 

The section through one from the subsidiary waveguides 
is given in fig. 12. Here dt' are the heights of the separate 
section of the waveguide and fl = ^ r s ^ and a*80 

Л.ш £L. • we suppose that only ТЕ ю modes can propagate 
in each section so that X v\2 < d< /i^where A ^ « ZW It^ . 
It is clear that the minimum wave reflection sets in if 
L-L'L'L* - 7 M A / * transformers) and if also/ - L » / A t / 2 , 
where 4 is an integer, A i ^ff/^and *X£- = ( / ^ - (*"/*/)/ *. 

The last condition cannot be fulfilled exactly in all waveguides 

because we would not be able to reach the required phase shifts 

between the adjacent waveguides. 

The multifunction grill have usually a very small reflec­

tion coefficient and thus it is important to have a very small 

intrinsic wave reflection in the subsidiary waveguides (we 

set it to zero so far). Also we must verify if the steps in 

the waveguide height have some other effect on the wave phase 

then that given by summing the terms %xj (Z/V/ ~ Z//• 

For these reasons we made a control numerical solution 

of the wave diffraction on the structure from fig. 12. The 

electric field at the i-th step ( X < ~Lj ) is composed from 

Зп о mode3 only and Its z-component has form 
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(19) +£ь~ &-**<*•№ e"*-'-'"-1'* 

where X*=X+Lst f-=ý " <?/ /2 and )£^{[п71 k^j-ky). The 
evanescent modes can Ъе considered locally only when the 
discontinuities are well separated (i.e.£J^f-(Jf/aiWLj+f-L/JfGiJ 

On the other side of the discontinuity (X > Li ) an expression 

similar to (19) can he written for the field. 

By matching E~ and H* in the mouth of the narrower 

waveguide and setting E*=0 on the step faces (see /6/) we 

obtain a set of the equations for й n. Prom '**.& general solu­
tion of this system we get the relations connecting At and 
&£ with A(f f and2).*f/ Using these relations for I:« /,2,3/4 

we obtain finally the relatione among the amplitudes A A and 

£)л at x'= 0 and the amplitudes A_ and Ъе at x = Lr-

(20) Л',т Qfi, * ЯЗ,' 
з; = я%+ Q'B!, 

Pig- 13 shows the dependence of IHI and <j> = Mfr (Q) on 
/ . - { • Z . . — LAL-L. i s kept fixed) for the separate wavegui-

7 X J 9 9 4t 

des of the four-waveguide multifunction g r i l l for CASTOR. Here 
a,4~a,s*ficmfLf-ZOcm, L3- Wcm and L^L^r95em. 
The amplitudes of the reflected waves in the first and the 
third waveguides are 40 — times smaller than these of the 

JÁ-* 

incident waves. In the second waveguide it is only 10 —times 
because L, " The fourth waveguide is identical with 

the first. The reflection minima are approximately at 
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L - / . „ ~ Л „ / 4 and the phase coincides ( to / ) v/i-h 2. i 2. 
the phase computed from the propagation of T£10 mode only. 
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e cac~ioi 

T Schematic sketch of the multifunction g r i l l facing 

a plasma with the step and rsmp prof i l e . (The auxi­

l i a ry quant i t ies 2=-lX /0~3 and Xp= ff.Oi/jfy 
in numerical computations.) 

2 Dependence of the global parameters determining the 

g r i l l efficiency on Д ф . The phase ф —Ц5 , the other 

parameters of the four-waveguide g r i l l and plasma 

are given at the beginning of Sec. 3. 

3 Incident and ref lected pov;ers in the separate subsidiary 

waveguides as functions of Д Л . ?or the other parame­

ters see "15. 2, 

4 ?hase? of the incident ( ф;п p ) a n d ref lected 
( ф„ ) waves in the separate waveguides as functior.3 

of Au) . Fcr the other parameters see ?ig, 2. 

5 Power spectra of -.vaves radiated from the g r i l l into 

a plesra for different values of А ф 

( Д 0 * 0 0 * ful l l i n e , &ф = 120 - dotted l i ne , 

Дфш/35°- dashed l i ne , Дф в iSO* - dotted-and-

-dashed l i r e ) , "or the ether parameters see 7ig. 2. 

6 Dependence of the global parameters determining the 

^ r i l l efficiency on d . The phese shif t дф =.9С 

The other parameters are given in the beginning of 

Sec. 3. 

? Incident and reflected powers in the separate subsidiary 

-aveíTiides <?s functions of Ф9 ,?or the other ?era-



- 23 -

meters see Pig. 6. 

Pig. 8 Phases of the incident and ref lected waves in the 

separate waveguides as functions of ф0 . For the 

other parameters see Pig. 6. 

Pig. 9 Power spectra of wavea radiated from the g r i l l into 

a plasma for- different values of ф0 ( Ó « Q _. 

f u l l l i n e , 60 = 90° - dashed l i n e , é = S26*~ 

dotted l i n e ) . 

Fig. 10 Dependence of the global parameters determining the 

g r i l l efficiency on the density in front of the 

g r i l l mouth. The phase sh i f t Д ф s 120° , the fu l l 

l ine corresponds to Ó m i/5 and the dashed l ine 

to ф s У2 • the other parameters are given at the 

beginning of Sec. 3. 

Pig. 11 rower spectra of waves radiated from the g r i l l into 

e plasma for different values of 17 ( fl0 =, 0 -

f u l l l i n e , П» - 20 Пл .1 - dashed l i n e ) . The phase 

sh i f t £ф = 120* and ффш У2 . 

Pig. 12 Section through one from the subsidiary waveguides. 

Pig. 13 Amplitude of the reflection coefficient mi and the 

'phase change 0* of wave in the separate subsidiary 

waveguides as functions of L - ~ L1 i a) in the 

f i r s t waveguide CL^ » 1h.%Cm, d , « /Ifem Ь) in the 

second waveguide CL^fS.ÍCm, Uj*i5čm » с) in the 

thi rd waveguide й±ш Mem , dj =-f%.3 erfl. 
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