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MSTMCT : Melical rf-f Jdés with apprepriate wove numbers can be wsed to
exploit for heating purposes the existance within the plasmes of the MID-
singulor surfoces where l"o » 0. In this way the TTHP heating rete cam
excoed the nea-rusomant vilue by a2 focter of order 1/5 and the werking
frequency w = (“of‘o)"u can in principle ba cheosen arbitrarily low
(bwt preferestially w2 "col‘l)'

INTRODUCTION. RF -lownching structures destgned to produce
nonvanishing poloidal wave numbers l. E a/r in addition to toroidel weve
rmbers K. z n/R, have been considered for ICRH /1/, TTWR /2/,/3/, Al fvin-lave
Heating /4 - 7/, and for Toroidal Drift Magnetic Pumping /8/. In the Proto-
Cleo experiment /7/ the imequality

LEAHIE XUNRLINTY Wi u./u[(«p)"’? < gy (1)

(ueg = 88, /mic) was satisfied in spite of the fact that |m vM/rI and
IIWA‘/RI were both Targer then w.

In the TTHP 1ittersture there is nomention of the analogous
possibility of Towering the working frequency by exploiting the existence

of the WHD singular surfaces within the plasms. The TTMP frequency is . .

w nvﬁ/R in the compressional version ('ii s ZYi /n,). W v“/R in the
torsfons) version of Ref. /2/ and = v“/ql (92 rB‘/R 80) in the axisymme-
tric {m] - 2 version /3/ producing surface heating. This oversight is
surprising in view of the obvious interest of using frequencies which are

30 Jow that the rf-coils can efther be put outside the 1iner (If w/2x <10KHz)
or be protected by stainiess stoel 4f they have to be in face of the plasma
(w/27 ~ a few 10 KHz).

WORKIHG FREQUENCY. The correct expression of the optimum TTIP
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w=(RB/8,) vy F(T/T . m, w) (2)

where F is 3 factor of order wnity /2/, /3/, /9/. Power depositien is stil)
substantial at w 2 duw with &w € W2.

Eg. (2) tmplies that in the meighbourhecds of the singular surfa-
ces r-r'm!-'.-O(orq- -a/n) plasms heating may be preduced at
arditrarily low u. Since in most of the performent Tokamsks g(0) §s slightly
below unity, the singular surfaces gq(r) = 1 is tabeddnd in the flat centrs)
vegion of the plasme : thevefore n = - m = ¢ ] are the most interesting
combinations. They sre produced either by a pair of helical windings (ides)ly
represented by a shest currest 3’.6(r-rc) with J: IJ: .- llr‘) or, more
conveniently, by the pair of horizonta) coils proposed in /2/. In the
sbsence of surfoce q = 1, surface Q = 2 can be considered. The rf-cofls
should be designed s0 as to aveid the production of intense higher-(m, n)
harmonics which would satisfy condftion l-l.-» 0 at the plasms edge, with
sdverse effects on confinement. Notice, incidentally, that in the Stella-
rators, where [B,/r| increase with r, such peripheric resonances mey well
have been excited in the TTIP snd Al fvin-wave experiments, where pumpout
occurred during heating /10/, /7/.

RT-FIELD STRUCTURE. As is well known from stability theory in
cylindrical geometry /11/,/12/, the whole set of the linesr ideal MHD-EQs.
reduces to a single Euler £Eq. (f€')'-9€ = 0, where £ is the redial compo-
nent of the displacement vecter £ = ¥(r).expi(m0 + k1-wt), snd the prime
indicates d/dr. Since in a Tow-8 plasms, the TTHP frequencies (2) are very
sme’] compared with the HHD frequencies (1), we mey 1imit our attention to
the "marginal stability” 1imit w? = 0. Assuming, moreover, kir? << m?,
which is appropriate to the Tokamai. ‘scaling, we have

7= (RB)? ri/mt ;g = f(wie Kiri-1)/r® 4
(3)
+ {(8np' + (!.Bo)(ksl-ue/r)zr/n’} Kirt/m? ,

In the neighbourhoods of a singular surface r = Fg? fxzr- Tes W& MY
write f = ax? , g = g + yx + éx* and find the solutions to Eg. (3) in terms
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(if x + 0) with

2y, -l (1o 3ape®, [ Byr 8,)) 12 (4)

The sign of the expression wnder the square rest is positive when Suydem's
criterion is satisfied : them ome of the sslutions is infinite at ry

The redial width of the resemence zemes is governed by the posi-
tiom of the reets of the quadratic emsation 5(Z8LTL) « 0/12/, which in owr

preblem play the role of wwe cwt-offs. If @'= 1, the resemence rome is

wite broud

3 mir, 5) <1221 - 6arprray)? (5)

If |m] 32 g

oMz q(rz) - q(rl) =2kr/n = 2|d./llz| ((})

The largest field compements in these zomes are B, = 'l"o/'o . 5
By E'/B, £y = - ['wr B./mc, and the electrostatic field ‘m s (gred n))T/ !
/en, which ensures charge neutrality /2/, /3/, /9/. In comtrast with the
stability case, these fields are not eigenmodes : they are driven by the
exterma) rf-currents.

PONER ABSORPTION. The large rate of chenge of the kinetic emergy
of each particie in the resonant zomes, 0711 + w38, /3t (v is the guiding-
center velocity and u the constant megnetic moment), results in a very
fmportant TTHP heating of the plasms ioms (primerily along lo) it condition

ey K.l’/lo is satisfied by v, = O(v,,) on a substantia) fraction of

the zones defined by Eqs. (5) and (6). Since 8K, 3 A(l.'allo) = Aq(n/qR),
in order to have w = avy /R with a << ], from At’/k” « aq(n/a) we conclu-
de that TTWP occurs on & fraction of order a of the m* = 1 resonance
one, and on the entire |m| > 2 - resonance zones it a 2 2m8,/8,.

0f course Eq. (4) implies that eur §deal model breaks before
2 singular surface s reached. A reasonable estimate of the average enhsnce-
mnt factor for the rf-energy dersity in zones (5) and (6), 15 = (vy/vyy)%s
= 1/8. This impiies that a Targe fraction of the reactive power

LT T AR < . ey A P ST A, g M v —-]



S A OB} + E})/0 (Y is U plasms velume) could be fssipated. Neever,
Just as in the case of resomemcas st higher froquency (Alfvin and hybrid)
it is thes hard to predict haw much hesting will be due ts Landsw precessss,
te linsor mede comwversionor to newm-linesr (¢.9. perametric) effects /4/.

We 2lse motice that if w is chossen as Yew 2 '.ti WrRe - the “trengit
frequency” in the vertical érift sstion - at the singular surfaces the

| condition w = £.¥ « %, .V, com be fulfilled by the verticsl érift welecity
tn the teroide) field /W .
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