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Abstract: A test coil is presently being used to determine the feasibility
of employing waves to further heat the lons of the tokamak plasma. Initial

results for wave loading of the coll and ion heating are very encouraging.

The efficiency of heating the tokamak plasma ohmically with its toroidal

current I

" falls off sharply ac the plasma temperature is increased. Fur-
therzcre, I¢ is limited by stability requirements. These conditions dic-
tate that ohmic heating alone wiil likely be insufficient to heat the toka-
mak plasmz to the ignition temperature.[l] Consequently, we are studying
an auxiliary heating schem; employing plasma waves generated in the vicin-
ity of the ion cyclotron freguency and its.harmonics to heat the ions (and
possibly the elecnrons) directly.

The ion cyclotron heating system of the C stellarator, which proved to be
very effective in heating both the ions and the electrons of 'that device,[2]
was designed to generate waves in a .straight plasma section with a very
uniform magnetic field. The magnetic beach for the waves was located out~
side of the coil\regioh. In a tokamak, the strong variation bf the toroidal
magnetic field B¢ with major radius R dictates that generation occui in a
spatiall& varying magnetic fileld and that the beach exist at a specific R .

around the entire machine including the wave generation region. Consequent-

1y, a new generating structure must be used.

'We Have installed a single, half-turn, induction coil in the ST tokamak

(Fig. 1).in the high-field region on the inner side of the torus. This coil

can couple to ion-cyclotron waves which can resonate with the ions at a

given R as they propagate around the torus aund/or to the fast modes which

propagate whea th¢ plagma deusity'exceeds the critical value given approx-
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whore Q = w/wcii’ the ratio of excitatilon freguency (25 MHz) to the lon

cyclotron frequency at the center of the plasma, and p is the limited

plasma radius. This. test coll has a Fouriler spectrum which is essentially

cor.stant versus k, (mode number along ¢) and its azimuthzl current distri-
bution (Fig. 1) favors m = O and m = 1 modc numbers in 8, Thus, it allowz
the plasma to choose the modes it wishes to propagate and enables us to
experimentally determine the normal modes which are most efficlently

excited iﬁ toroidal geometry and which should be selectively coupled to

with future coil structures, (This simple test coill thus reduces the need

to use several types of coils for optimizatiua of coupling.[3]) This empiz~
ical approach is neceasitated by the lack of an appliczble theory for hot

toroidal plasmas. To estimate the waveloading to be expected for the coil
of Fig. 1, we have analyzed the wniform cylindrical case for them = O
contribution to coil loading using the actual coill-plasma-vessel cross—

section and the complete cold plasma theory which agreed well with ‘experi-

" ment on the C stellarator,[4] The resulting coil loading resistance R.S -

2 Prfilgf is plotted versus 9 in Fig. 2, This idealization is not direct=-
ly applicable to the toroidal case except when the resonance Zone falls’

Y .
outside the vessel. However, it does suggest that waveloading might give

RS values in the xange of & few ohms.

Experimental loading curves found on ST are depicted in Fig. 3 for two
plasma deﬂsit;es, The cuxves in the vicinity of the ion eyclotron fre—-
quency have the same qualitative shape as predicted in the uniform case of

Fig. 2, except that they are broadened about £ = 1 by the magnetic field

; inhomogeneity. Maximum values of wave loading (superimposed on coil losses)

of & few ohms are indeed observed. nIh additiqn,vloading'at higher Q is

observed f£ar the highcr density case corresponding to the generation of the
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fast hydromagnetic waves (Eq. 1). This heavy loading is not apparent for
the lower density LQSe until Q is Increased to about 4,

Wavelcading iz not decreased as the plasma current is increased and the
plasma is heated.

Thé test coil is designed to deliver the maximum rf power consistent with
the small access port§ of ST, sc that some indications of rlgsma heating
might be ascertained. The ri power delivere&;to the plasma waves CE 15 kW
at € = 1), is a small fraction of the ohmic heating power (5 15%) but its
2ffect is observable, / Figure 4 shows sn increasz of the Doppler-shift
temperature of the impurity C IV of nearly a factor of two when the rf
powertis applied, ‘This-témperature increase arises presumably from colli-
sions betwszen deuterium ions heated at cyclotron resonance and the carbon
ions a few centimeters inside the plasma surface, Non-Maxwellian heéting is
evident at @ = 2 as determined by charge exchange neutral measurements
(Fig. 5). TUnder these conditions the fast modes are generated and according
. to theof& their electric field is elliptically polarized with an appreciable.
qomponent circularly polarized im the sense of the lon gyrations . Thus the

non-Maxwellian heating ‘could be caused by accéleratioxi of hot deuterons at

H
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}The initial results reported herein

' make us optimistic that wave heating

b :
rf at the several megawatt level will®

L i ! l~ be possible in ST.
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