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Abstract

Design of the multijunction grill which is supposed to
be used in the current drive experiments calls for the optimi-
zation over three most important parameters: the phase shift
A ¢ among the adjacent waveguides, the length of the multi-
junction grdJJ.LéL(from the junction to the mouth) and the
surface density 720 . This hes been demonstrated on the results
of the numerical investigation of the four-waveguide grill
degsigned for a small tokamak. It has been shovm that current
drive efficiency (or thé directivity) can reech 50 % for prac-
tically arbitrary A ¢ (*:O °180 °), if we choose L properly
The enhanced current drive efficiency at A ¢ 7‘.900 follows from
an unevenly distriouted power among the separate waveguides
and from the selfadaptive adjustment of the phases of the inci-
dent waves. Risk of the power overloading of the wavezuides
grows with the decreasing 72, - A short description of the
author’s variant of the theory of the wave diffraction on the

junction is given in Appendix.



1. Introduction

The waves having the frequency in the rezion of the lower
hybrid resonance are now still more frequently used for the
plasme 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 T. K. Nguyen to use a technically more simple
structure: the rultijunction grill /2/. In this concept the
terminal part of the wavesuide is split into several sub-
3idiary waveguides by means of the dividers prependicular to
the electric field of the incident 77510 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 antena arreys for the large tokamaks /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 amplitudcs of waves incident upon:



and reflected from the junction /5/. The form of these rela-
tions is giver-in Sec. 2. In App. 1. we ghcrtly describe how
to obtain the numerical values of the coefficients in these
relations. The method is based on the procedure applied by

R, Mitra and S. W. Lee to the solution of the problem of the
bifurcated waveguide /6/. B 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 code based on the standard Brambilla's

theory /7/ with some extensions /8/, /9/.

Sec. 3. containsg the numerical results which served for
design of "the four-wsveguide multijunction grill mournted on
the tokamak CASTOR /10/. Is is a small tokamak having a weak
magnetic field (B~ f3 T ) and bad energy confinement so
that the spectrum required in the current drive experiment
must be very broad (¢5</Vi.<10 , where /V, = i,_ /’{V ). 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 L§L of the multijunction
srill"') and on the surface density 7, of a plasma in front of the
grili. A schematic view of this grill is given in Fig. 1.

ry )
The importance of this perameter at the multijunction grill

design was pointed out by D. Moreau et al. in /16/ and
systematically studied by autor in /11/.



The phase shifts and the reflection coefficients in the

separate subsidiary waveguides are given in App. 2.

2. Summary of the theory of the multijunction 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
N

A;,= Kp oA +3 ApjBi, p=1,2..K

e g .
B:ﬂ’A +Zﬂt'Bd'

ot
where N is the number o! the subsidiary waveguides in the multi-

Junction grill, A, is the amplitude of wave propagating from
P

!

the Jjunction to the grill mouth in the p-th waveguide, .3;,

(1)

corresponds to the wave reflected from a plasma to the junction
in the same waveguide. A' and _B‘ are the amplitudes of inci-
dent and reflected waves in the main waveguide, respectively.

All these amplitudes correspond to TEM 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 a(? § and g
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 L f between the Jjunction
and the grill mouth its phase increases by ¢P in the p-th
vaveguide. The phase ¢P can be expressed in a form



\2) ¢P= ¢o+ (p—f) A¢> , P = 1,2,... ,N.
Travelling through the first waveguide (at £ =( ) the wave
acquires the phase ¢, . Ii" the first zuvsidiary waveguide hkas

the same height a throughout, ¢o = é Lc? where 4= ([:-(T/d.)&)z

The intrinsic reflection in the subsidiary waveguides
can be substantially diminished if we use A /4 transformers
to make smoother their height jumps /12/. Because the cverall
reflection coefficient of the multijunction 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

il i (fp-wt) £, X -k, X
E£=;4__—_; G (e 77 {Ape"’ +.B,,c' d

(3) oo rox o
m m
> é,,,,,e” ‘”‘(T (z-z,))
meq P
Here, Ap and ‘B’P are amplitudes of the incident and reflected

wvaves at the grill mouth, respectively, Q? is the z-coordinate
of the left wall of the p-th subsidiary waveguide (¥ = 0 ),
é_m are t'he amp'litudes of the evanescent modes, f",n a

= (m??/l,)t l;)& 9,,(/1)=1 in the p-th waveguide mouth and
07 {4)=0 elsewhere. The parallel-plate waveguides (@ —o°)

are supposed,

For A? and 'Bf’ we obtain



(4) AP=]/(-__2%”_) A;, ‘Bp'l/(—z!i:>e-2i¢”3;

and thus

£ 2y
(5) A 2; ) Z e jd?J‘BJ

.The factor (i /2 lv) ensures that the total energy flow
through the section of the height 4 in the parallel-plate
waveguide is equal to the total energy flow through the rec-
tangular waveguide of the height @ . It follows from (5),
that the incident waves do not have the same amplitudes as it
is usual in the conventional grill. Also their actuel phases
are not equal to ¢P because o(P }' and BP are generally com-
plex. In the whole problem, the phase ¢, appears only in the
equation (5) namely in thé form e?

Now we make use of the standerd Brambilla’s theory to
solve the problem of the multijunction grill. The matching
of fields in the grill mouth results in the following set of

the equations for _B? and om :
> (560 5 bty
e'fP(B,Cpp + C )=
(6)

—ZA e‘ﬁPPrl 7=/,2,.../V, ! =

The explicit form of the coefficient C? and PP/
P Gt 1 Lot 7

given (5) into

cen be found e.g. in /8/. If wé now insert AP



(6) we obtain the fimal set of the equations for the multi-
junction grill:

N v -
,"Z’ %’ .{-Bp(f;l _*Z E‘(¢P+¢')drp ot ) +

(7)
> 4,007) - A ()3 " b, 27
£ 26,/ 5 po 'y
Once this syatem is solved andBP and '%m are known, we éan
determine and .B 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 resulta obtained at the
optimization of the four-waveguide grill which was used in
the lower hydrid current drive experiment on the small toka-
mak CASTOR /10/. The geometrical dimensions of ;hia structure
are following: the ’height of'the main waveguide 2 = % em,
its width ﬂ = 4 £cm, s the width of the subsidiary waveguides
5 sfem (p=7,2,34), the width of the dividers dP- 0.2¢m
and the 'length Lf £ the structure is 95¢m » Which is
giving @, = e 45°( see App. 2.). The working frequency 1s 725 GHi
and the phase shift A( between adjacent subsidiary wave-
guides is 120° . The plasma parameters in front of the grill

we choose in a~cordonance with the meuured values, viz, 2, =

= 30n (R = 2510 cm™* ) anadnfdx b x 0 'em™

crit



To describe the grill quality we shall use the following

global quantities: the to'al power reflection coefficient Rt
ni
( B~ 'B’”J'), the total _ncident power in the grill mouth
2
Pt'n( ,?.n =§‘ 2!2/%’: where e'ﬂ”o NIAPI ‘P is the incident
power in the p-th wavegu”i.de), the total reflected power in the
. L
grill mouth P, (P, = P where P _~|B " ) and
AR g-ﬂ,p ’ Zp PI P
the efficiency of the current generation 7 given by
cur

© Fue=1-8){ [Et0)at, - [6i0) a1 )

where G (Ng) is the normalized spectral density of the
power radiated from the grill into the plasm(rG(”})dﬂi"/)_
The net power leaving the 2rill is then 1'Rt --. It holds
4"% = eﬂ— e‘ All quantities are time averaged and

ﬁf ! 7?71 /
generator. For the conventional grill we have P = 1

i
Bﬂ,f =1/¥, ﬁ =% .

The quantity 7‘!”’ provides only a crude estimate of

@ are normalized to the unit power of the h.f.

the actual current drive efficiency whiech can be lower or even
higher than 7&” That is for two reasons: 1) the short
wavelength part of the spectrum ( /Va » 7 ) 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 ( 1 /V: (/%, “‘.) ere converted into the fast waves
‘having weak damping and they also do not contribute to the

current generation.



First, we shall pay attention to the effect of the
phase shift A ¢ on the functioning of our-multijunction
grill. Our resuvlts are collected in figs. 2 - 5 where we
choose ¢o = 45° and the other psrametersone can find at

the beginning of the section.

As it is seen in fig. 2, Rt is very small for AP €
€ (405 740°) but with the exception of A¢n 135 is at least
5» times greater than that given oy the approximate formula:

Bragp =((N-1)d, 128, Y~ 0.004 (see 121>,

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 sera-
rate subsidiary waveguides are depicted as .functions ofdé
The maximum electric field in the p-th waveguide can be estima-~

ted with the help of the quantity

(9) (( lP)/2+( ,’a /2)(;/;)

It determines how many times this field is larger than the
incident electric field in the main waveguide (e.g./v" =2
at Af = 7/§). We can also see that in a broad interval of
A ¢ either third or fourth waveguidesdoes not transmit any
power, The phases of the incident and reflected waves are
given in fig. 4. Abrupt changes of these phases coincide with

A¢ where the corresponding power is zero or very small.
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The redistribution of the incident power and the self-
consistent set-up of phases are giving together the effect
known as the selfadaptation. As a result of the selfadaption
we have low Rt and an unusual dependence of 7“”' on A¢.
From fig. 2 we see that it has three maxima in which it
renchés values about 50 %. For the conventional grill with
the identical A‘P "in each waveguide and with constant phase
shift, 4., bhas only one maximum at A¢ = 90° . As we
shall see later %,,. can reach value higher than 50 % at
any A¢ * J ;/‘ﬂ. if we choose ¢‘ properly. The enhanced
current drive power of the multijunction grill can be under-
stood if we notice A‘that in favorable cases the amplitudes
of the incident waves in the subsequent waveguidés grow up.
Same effect was observed by the author at the conventional
.grill with uneven amplitudes of the incident waves in the
seperate waveguides /13/.

The shapes of the power spectra are given in fig. 5 for
gome selected values of A¢ We can see that the
maximum of G(Aé)for A/, > 0 snifts again to larger /Vz if
A ¢ grows up but this process is not so straightforward as
for the conventional grill. E.g. the spectra for A¢ = 120 and
135° cotncide with one. another for Ny > 0 but they have
substantially different parasitic branches ( N, < 0 ). This

2 o
gives mucb better conditions for the current drive at A¢-‘/35 ‘

than st A¢ = 120°.

The efficiency of the multijunction grill can be also
influenced by varying its length L 7 The parameter [ } enters



- 11 -

in the theory only through ¢o We have lnvestigsted the
dependence of all quantities on ¢, in three important
cases of the phase shifts, viz. A¢ = 903A¢ = 7200 and
a¢- 180°.

At A¢ =90 othe dependence of the global parameters
on ¢° is rather inexpressive. In this case 7‘:‘” has a
flat maximum for ¢° é (/35°, /50.)35 it is seen in fig. 6.
In the same interval Ro~2 7,but the incident power is
unevenly distributed among the subsidiary waveguides (see
fig. 7). The phases of the incident waves are practically equ-
al to ¢, (see fig. 8). The spectra for different ﬁ, differ
one frem another mainly in their parasitic branches (see
fig. 9). Thus it seems that the multijunction grill with
A¢ - 900 fits very well in the current drive experiments.

The case A¢-/20:vas fully discusseéd by the author in
/11/ for the seme grill. It follows from that analysis that
the dependence of all quantities on ¢, is more.pronounced
and thus the interval of the suitable ¢o is narrower (in
this cage /;caﬁ has a maximum atpo'-' 10%.

The last case which was investigated was that of
A¢ = /8”0. Here, the spectra are symetrical with respect
to Nl=0 and thus erso. The reflection coefficient
ﬂt remains large for all ¢, (ﬂ£~26Zat ?, = 55" and
ﬂt ~21% at ¢,-‘//00). By varying ¢0 we can reach only
redistribution of the incident power among the separate

waveguides and slight modification of the spectra at /V£~f
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If % = 350 tre power is distributed evenly ameng the wave-
&-ides. At % = /fﬂ’the radiation commes predominantly from
the centralwaveguides ( @fhl= 0. 165 , gfl,? =039% ) and the
spectrum starts from INII >85.6 . In turn at ¢o=‘90.
the outer waveguides transmit the great part of the power

( P’-ﬂ,’ =0.36 , Pz‘/z,z = 0 14 ) and the spectrum conteins

a large proportion of waves with /VZ ~ f -

The parameters A ¢ and ¢o are fixed by the construc-
tion of the rmltijunction grill and cannot be changed during
the operation. However, the magnitude of the surface density
of a plasme has much deeper effect on the rultijunction 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 dernsity cen be influenced by changing
the plasma column position. Also non-linear effects can disturb

the dengity in front of grill /14/.

From fig. 10 we can see, that the overloading of the
rill is more severeat low dengities, The reflection coefficient
grows but not so sharplyas in case of the conventional grill.
The mcst interesting is behaviour of the current drive efficiency
7”,,. It even can increase with lowering 72, . As it is seen
from fig. 11 the spectrum varies strongly with /7, . At a
low 72, the multijunction grill radia’es the h.f. power effec-
tively due to selfadaptation but in the spectrum the waves
with /Vl ~ / are preferred, At the conventional grill the
spectrum 1s xept fixed but ﬁé grows sharply if /2 ,decreases.



- 13 -

4. Conclusions

Optimizing the multijunction grill for the lower hybrid
,current drive we would start with the choice of A ¢ (the
working frequency and the dimensions of waveguides are inter-
locked and usually fixeé by other reasons). This gives us the
requisite value of /Vi where the spectrum has maximum. We need
not now confine ourselves toA¢-90;vhich was only suitable for the
conventional grill. Practically any arbitrary value of A¢
can give a sufficiently high value of 2 ur ¢ This can be
attained by the choice of ¢, (or the lenght L% of the
mltijunction 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 ¢P . If 1%
is possible the choice A¢ _70 is practical because  the cur-
rent drive optimum can be reached in a broad interval of ¢o
One rmust also keep in mind that the lowering of the surface
denﬁity 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
App. 1 formulated in such a way tha%tcan 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(?o’ o(f/'
and ﬂj’
In the vicinity of the Jjunction the z-component of the

electric field of the wave in the main waveguide (X<—L3’)

can be written as ‘ Z )
£, = sin T4 pettxttg

I z[x(x.plg,)
&
+Z a.,,co: ) ﬁa(’“"—g)}

(10)

Here f%5 ((ﬂ 7/¢) "(r/d)L ; )l/z and 4@yg are

the amplitudesof the evenescent modes. The expressions for

EX:HX,H,/(Q““ ‘be easily obtained and E ’0 .

}

The fields in the subsidiary waveguides have similar

ik (x +Lg)

shapes and e.g. again for E we have
. ] L ) '
_ 7. ' zlx (x+lg
Ey=ainZ {1, e +Bye

(11) +i aﬁn ‘ (ﬂf(z ‘p)) n(X-fL})}

Here nﬂ ((ﬂf/’/;).f{?'/a)- p,):'and 4 are

the amplitudes of the evanescent modes. The expreuion (11)

is valid for x>-L3_ and 4 6(17,1},4./:’).

Before matching fields at X = -L}it 1s suitable to
suppose for some moment that the faces at the dividers ere
shifted to x-—Lng,Then we can express E£ and /'/} as the
fields in shallow short-circuited waveguides which had ari-
sen in this way (see /6/).
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The conditions of the continuity of £ ., and H. (H
Z F E
is then continuous s&utomatically) in the z-representat‘on
are not apt for the numerical solution. Thus we carry ou:
their Fourier analysis., If we perform the limit J >0 ena
eliminate d'f’n we obtain the final set of the linear equa-
tions for aﬂ and .B’ . rom the continuity of Ez and
/7’] in the mouths of the subsidiary waveguides we have
lx ) !

(12) _B'+—ZR(°,, (7- lr, =B,

(13) :L: ﬁ(/"'['”)(?;*ﬁi;‘)d p=12,...4
| {=123..
The condition of E=0 on the faces of the dividers gives

2

(14)

1 & - /
B+ nf__; ﬁ(/),n) a,=~ A/ p=712..N-1

(15) Z ﬁ(p,/,/‘?) dhzﬂ, , /" //2/3/---
n=4

Here

l, |
M(n?‘ )M ( /WZ-ZP))‘&/
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R(p, ,n =/Pd -—,'1 m——(:t 2,- ))a/.e

P f

We also get the equations for

oo
(16) ) ! { z.l
X
Ao=A+ & 2 a,R(pn)(1+ 22), p=t,2,..4
P 2 47 nl\P Fn )1 P=lics
To obtain the general solution of the set (12) - (15)
we must solve these equations for the following (N +1)
choices of the right-hand sides:

A=0, B =1, B=0 ... B, =0
A'=0, B,=0, B,=1.B=0...B,=0
A=0, Bi=0,...ccooeen. B, ~0B,-1,
A=t Bl=0,ii. B,=0

In this way we acquire ( /' +7 ) solutiors .B t’ 1{’) d(’)...

where J, =12,... N,N+71 . The general solution of the set

has then a form

N
' I/f) J V(N d)
(mﬁaagﬂ B, +B A

a,= Z a/f) a (N+1) AI
£ 7 I £
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) (N +1)
IT w2 compere (17) with (i) we heave ﬂo =B" ari
1(§) . . . ,
ﬂ} =B where J/: 11 2,,_,[\/. If we insert &4  gtven by
(17) into (16) and compare with (1) we obtain

0 7+ 2i 2:; am(m”R (Pl’?) ( 1+

A

1 X
in

(18)
1 < (f) Z3 : '
Aoy =7 nZ1 a,’ R (p.n) (1+T'7:' , /J//=/,.?,...,/V./

Now we make a short comment to thie numerical procedure
used for the solution of the set (12) - (15). This infinite
set correspords to the problem of the diffraction of waves
on an object wiik edges. Sucn a sei nas an infinite number
of the solutions and only one has physical meaning (see /5 - 6/).
To obtain this correct solution numerically we must choose the
numbers of modes in *he separsie weveguides in progzer wey. We
proceed in gimilar way as R. Mitra when he solved the diffrac-
tion of waves in the bifurcated parallel-plate waveguide /6/.
Thus we pick up the number of modes in tre separate wavesuides
proportionel tctheir width. For our grill ;« : ;P : dP 2551
The total number of modes to the right o the junction must
be same as the number to the left of the junction, Thus, if
we take 46 modes in the main waveguides,we have 10 modes ir
each subsidiary waveguide and 2 modes on eech divider face.
With this choice of mode numbers the sequence of Q, converges
well and the energy flow across the junction is conserved to

eight digits.
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Apvendix 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 d" are the heights of the separate
section of the waveguide and d'= a‘.= Qa and also
4.;’ al’ . We suppose that only TE s0 modes can propagate
in each section so that 49.12 < a< A where /\" 217 /l”
It is clear that the minimum wave reflection sets in if
L L L L 1, Zt (A/4 transformers) and it alao[,-La{A /2
where »{ :ls an integer,A; = 2ﬁ/lxand xe —(ly (T/a, ) )'/2
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 multijunction 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 fu' ([,',, - L,)

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 ()('( °Lz' ) is composed from
TEJII,O modes only and its z-component has form
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E = 4 T(z}u a;) {A"_eiﬂxi X;B;e-ilxix }

2 2a;
(19) o= . (x'-L;)
5 0y Locde) gFanss 01

2a;

%

where X=X +LJ/ 7::# -a, /2 and ﬁiz((ﬂf/ai)il:)' T
evanescent modes can be considered locally only when the
discontinuities are well separated (i.e.e)}o(-(37/'/4:')([,’,,'[,’))((7)
_On the other side of the discontinuity (x'> l.,' ) an expression
similar to (19) can be written for the field.

By matching E £ and H’ in the mouth of the narrower
waveguide and setting E! ={ on the step faces (see /6/) we
obtain a set of the equations for dm' From -..ue gereral solu-
tion of this gsystem we get the relations connecting Al and
.B with A”, and B”, Using these relations for I = 1, 2,34
we obtain flnally the relations among the amplitudes A 4 end
.D, at X'= 0 and the amplitudes :,, and B’. at x = L,.:
(20) Ag= GA, + R 8,

By = A"A, + @B,

Flg. 13 shows the dependence of |R] and ¢= 0/%' () on

1-Lz'L9-LJ([J-Lz, is kept fixed) for the separate wavegui-
des of the four-waveguide multijunction grill for CASTCR. Here
@=agstbem L,=20em, [, = ¥)em and [,=Z,_= 95em.
The amplitudes of the reflected waves in the first and the
third waveguides are ’/0-1- times smaller than these of the
incident waves., In the second waveguide it is only /ﬂ-z—times
- because LJ 'Lz’folg/h The fourth waveguide is identicel with

the first, The reflection minima are approximately at



i)
[}
!

LZ_L‘!% ,{2 /l,' end the prase coincides (to 10 ) wisn

ine phase computed from the propasation of 77{’0 mode only.
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Scheretic sketch of the multijunction grill facing
tlasma with the step and remp profile. (The auxi-

liary quentities '2=“I.X /0-3 and XP= 0.0//1,/

in numerical computa*ions.)
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Peperdence ¢ tre globel psrameters determining the
L g o » - - ' LY
grill efficiency onA¢ . The phase ¢ -:1/5 , the other
o
paremeters of the four-waveguide grill and plasma

are given at the beginning cof Sec. 3.

Incident and reflected powers in the separate subsidiary

weveguides as functions of A¢ . ror the otrer parame-

ters see Tiz. 2.
hasez of the irncident ( ¢ ) and reflected
| in,p
t ¢"’/P) weves iIn the separate waveguldes ss funciiora

5% A¢ . For the other parareters see Tig, 2.

Tower spectra of waves radisted from the grill into

a plesma for different values of A ¢
(A¢=90°:xi1 line, AQ = 120° - dotted lire,
A ¢-/35°- dasned line, A¢ = ‘/80‘ - dotted-and-

-dagred lire), Tor tre ciher perameters see Tig,

N

.

Dependence of tre slotal parsreters determining *re

(=)

w

5rill efiiciency on ¢0 . The phese shift A =90’

La
Q
ry

The other parameters are given in the beginnin

Seec. 3.

Inciden® and reflected powers in the seperate sutsidiary

[2Y]

~nvesiides eg functionng of ¢, .20 the oiner nera-



meters see Fig., 6.

Fig, 8 Phases of the incident and reflected waves in the

gseparate waveguides as functions of For the

o -
other parameters see Fig. 6.

Fig. 9 Power spectra of waves radiated from the grill into
a plasma for different values of ¢0 (¢o = 00—-

[
full line, ¢,=ga’ - dashed line, ¢0 = 126 —
dotted line).

Fig. 10 Dependence of the global parameters determining the
grill efficiency on the density in front of the
grill moutn. Tne phase shizt A @ = 120°, tre fuil
line corresponds to ¢o = 450 and the dasred line
to ¢o = 72’; the other parameters are giver at %he

tezinning of Sec. 3.

Pig. 11 FPower specira of waves rediated from the grill into
e plasme for different values of 72, ( 7”2, =0 -
full line, N, = 20 il - dashed line). The phase
shift A ¢=/20° and ﬁ. - 72"

LS ]

iz. 12 Section through one from the subgidiary waveguiaes.

Fig. 13 Amplitude of the rveflection coefficient |R/ and tne
‘Phase changze ¢P of wave in the separate subsidiary
waveguides as functions of Lz - L, ; a) in the
first waveguide @, = 7%, 7L'm, ay= [35¢m, b) in the
second waveguide @,=/f.5¢m, Qg =1Sem 4 ¢) in the
third waveguide 4,={¥em , a,=1%9 em.
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