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AttTMCT : Ktlical r f - f It» with eoorooriete wove w É i r s C M M 
exploit for heetief ewrpoeet the existence witfcie the olese» of the WeV 
siagoler swrfectt where t>t • 0, le this way tht TTtf? beotinf ret» C M 
exceed the ne*-rttt*e*t velwe by a foctor of order 1/1 t*d the wortlag 
frequency w • (^• 'L / *J v * t c < m * • principle ht choose* arbitrarily low 
(hwt preferentially M J V r ^ i ) -

IMTRCTXCTIOW. *F -launching structures designee to product 
nonvMtsJting poloidol wove maebors ^ 1 i / r in addition to toroidal wove 
•waters K i ft/R, hove been considered for I « H / l / f nW»/?/. /3/ , Alfvtn-wtvt 
Heating /4 - 7/ , and for Toroidal Drift Magnetic Puaplng /8/ . In the rroto-
Cleo experiment HI tht inequality 

| M A | î | « 4 0 ( 4 w p ) " 1 / 2 | i | « y r • * y R | ( 4 i « p f 1 / 2 < « c i (1) 

( « c 1 » tOg/n^c) we» satisfied in spite of the feet that |a v ^ r l and 
Invj./Rl were both larger than » c^ 

In tht TTMP littérature there is no went ion of tht analogous 
possibility of lowering tht working frequency by exploiting tht existence 
of the HHD singular surfaces within tht plasma. Tht TTMP frequency Is 

9 

«» • nv^/R in the compressional version (v^ • Zl^/n^), » • v^/R in the 
torsional version of Ref. / 2 / and w * *• /<»* (9* rt . /R BJ in the axlsyaae-
trlc |m| - 2 version IV producing surface heating. This oversight is 
surprising in view of tto obvious intérêtt of using frequencies which are 
so low that the rf-coil l can either be put outside the liner (1f w/2w slOKHz) 
or be protected by stainless stoel i f they have to be in fact of tht plasma 
(w/2* * a few 10 KHz). 

W0RKIHÇ FREQUENCY. The correct expression of tht optimum TTHP 



frtomtmcy is 

- - (t'tyV *ti F ( W »» "> <f> 
Hbtrt F l u factor of ordtr wntty / 2 / , / 3 / . / » / . rowtr dtpositiofi Is sti l l 
substantial at m l Aw with AM ( w/2. 

£q. (2) implies that in tht Mtifhbovrtwjodt of th» sinmlar sorfa-
cts r » r% wfctrt f . f # * 0 (or q • -•/») ptatM Matin* Mir bt prtdmctd i t 
arbitrarily low w. Sine» 1» wst of tht par for—at Tokamots q(0) is slightly 
btlow Mity, tht simfttar serfacts q(r) • 1 is UMdmid in tt» Hot control 
Mftoa of tht pltsM : tlioroforo » » - m - t l a r * t h t M«t inttrtstioo 
combination*. Thay «rt prodmctd tithtr by t pair of n* Ileal wimtinfs (idtally 
rtprtstnttd by • sont ctrrtnt 3*»d(r-0 »*t» j j / j j • - R/rc) or» mort 
coavtnitntly, by tht pair of horizontal colls prQpostd in / 2 / . !» tht 
abstnet of sorfact q • 1, svrftct q * 2 CM bt consldtrtd. Tht rf-coiU 
should bt dtsigntd so M to «void tht production of inttnst hifhtr-(m, n) 
harmonics which would satisfy condition t . l - * 0 at tht plasM toot, with 
advtrst tfftcts on confintmtnt. Rotlct, incidentally, that In tht Stalla-
rators, whtrt \IJr\ Incrttst with r, such ptriphtrlc rtsonancts My wtll 
havt bttn txcittd in tht TTMP ond Alfvtn-wtvt trptrlMftts, whtrt pumpout 
ocevrrtd durfnf batting /10/, / 7 / . 

ir-HElD STRUCTURE, As is wtll known fro» stability thtory in 
cylindrical gtCMtry/ll/,/12/, tht wholt Mt of tht lintar Idtal WD-£qs. 
rtducts to a slnglt Ewltr Eq. ( fO ' -gç • 0, whtrt ( is tht radii1 compo-
ntnt of tht displactmtnt vector X • t(r).txp1(ne • kz-wt), and tht print 
Indicates d/dr. Sine* in a low-S plasM, tht TTHP frtquencits (2) art vtry 
SM?1 compartd with tht HHD frtqwencits (1), wt My limit our attention to 
tht "Mrginal stability" limit ua » 0. Assuming, mortovtr, k*r2 « m*f 

which is appropriate to tht Tokamav. scaling, wt havt 

f • (*-fy2 r'/i* i 9 • n**+ k»rM)/r» • 
(3) 

• {Blip' • (t.î0)(k8z-mBe/r)2r/m2} k'rVi1 . 

In tba neighbourhoods of a singular surfict r • r%, if x 2 r - r%, wt My 
write f - ax* , g « M YX • «x2 «nd find tht solutions to Eq. (3) in terms 



at htytrfsaaatrtt f i c t i f * /11/» uhlfh fctfcttt Ht* ( } « x* 1 «tf (^ « x̂  
(If i * 0 ) with 

I ^ • - 1 * U • » . »7r •£ pin ( i j / r • I ) ) ' ] M 1 / 2 («) 

Hit sign of tht txprtsslo* aadtr the itjtart rati Is positiva wht» Swydaja's 
criterion Is satisfit* : than «w t f tht solutions is Infinite at r%. 

Tht radial width of tht rtstnanct zants Is govtratd ay tht posi­
tion of tht roots t f tht autdntU taxation $&$&) . o/12/, which i t owr 
pratte» play tht rote of tat cvt-afft. I f •*• 1» tht m o w n tout is 
•site broad 

If |»| > 2 

S «^ ( r^ ) • 1 t M l • *» rp ' / t» ) l / 2 (S) 

At, î t,(r 2) - «Krj) - 2 kr/n • 2\m^9êz\ (•> 

Tht largtst f i t ld coaytutwts i* thtst touts art %y. « lyt</*0 • 
IJ C'/t, E l r * - ç*«r Ij/wc, and tht tltctrostatic f i t ld t ^ » (grad njJT^ 
/tf»0 which tnsurts charga ntvtrality / 2 / , / 3 / , / » / . In contrast with tht 
stability cast, thtst fitlds art not tigtwaodts : thty art drivtn by tht 
asternal rf-currants. 

WWCIt AtSOHPTIOH. Tht largo rata of changt of tht klnttic tntrgy 
of tach ptrticlt In tht rtsonant zonts, tv.t. • u t t . /H (v is tht gulding-
ctnttr vtlocity and y tht constant «agnatic tenant), rtsuits in a vtry 
important TTh? htating of tht plasma Ions (primarily along I ) i f condition 
r > v- t.îjlç 1s satlsfltd by v. • 0{v^) on a substantial fraction of 
tht zonts dtflntd by Eqs, (5) and (6). S1nct oJjy i M * ' V V " ^ ( " W ) » 
in ordtr to htvt w • aVw/qft with a « 1» from Ak»/^/ * âq(n/a) wt conclu-
dt that TTHP occurs on a fraction of ordtr a of tht m* - 1 rtsonanct 
zont>»nd on tht tntlrt |*| > 2 - rtsonanct zonts H o t 2 a ' a / ' Z ' 

Of count Eq. (4) 1*p11as that tur 1dta1 nodal brtaks btfort 
• singular surfact 1s rtachtd, A rtasonablt tstlmatt of tht avtragt tnhanct-
ntnt factor for tht rf-antrgy dtrslty in zonts (5) and ($), Is • ( V v t 1 ^ " 
• 1/0. This InpHts that a larot fraction of tht raactiva powtr 
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^ « M l } • ! { ) / • • (V if tte »Uw» tetote) cwU te «tutoated. 
imt M ta tte caat ef mtetmt i at aifter fritemcy (Atfvte ate totrld) 
I t H tte» ter* to prttffct te» wdi tettiat will te te» te Laa* 
te H U N T ate» t w i n to» arte ate-lteaar ( t . f . paratetHc) tfftct» / V . 
te i ls* mtlct teat I f « 1» M te» at vf» aVrii tte tro»*1t rt1 - * , w " c 1 
fi»tei»*j>' f» tte vertical drift aatfoo - at tte ttawlar sarfact» tte 
coteltloa « • t»v * tL \ caa te fulfi l ltd te tte vtrtical dnft teloclty 
te tte toroidal f l tW /%V. 
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