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Abstract

An analysis of the effect on the wall stabilization of external kink modes due to toroidally

continuous gaps in the resistive wall is performed. The effects both with and without

toroidal rotation are studied. For a high-/? equilibrium, the mode structure is localized

on the outboard side. Therefore, outboard gaps greatly increase the growth rate when

there is no rotation. For resistive wall stabilization by toroidal rotation, the presence of

gaps has the same effect as moving the wall farther away, i.e., destabilizing for the ideal

plasma mode, and stabilizing for the resistive wall mode. The region of stability, in terms

of wall position, is reduced in size and moved closer to the plasma. However, complete

stabilization becomes possible at considerably reduced rotation frequencies. For a high-

(3, reverse-shear equilibrium both the resistive wall mode and the ideal plasma mode can

be stabilized by close fitting discrete passive plates on the outboard side. The necessary

toroidal rotation frequency to stabilize the resistive wall mode using these plates is reduced

by a factor of three compared to that for a poloidally continuous and complete wall at the

same plasma-wall separation.

PACS numbers: 52.35.Py, 52.30.-q, 52.55.Fa



I. Introduction

The ideal, pressure-driven kink instability in tokamaks imposes a serious limitation

on tokamak performance by limiting 8, the ratio of plasma-particle pressure to magnetic

field pressure (/3 = 2fio(p)/(B2), where (•••) denotes the volume average). Numerical

calculations1 have shown that the normalized beta /3w(= PaB/Ip) is limited to /3# ~ 3 by

these instabilities. Subsequent numerical studies and many experiments have verified the

beta limit, although profile and shape optimization has increased the limit in normalized

beta to PN ~ 4 — 5.2

The instabilities can be stabilized by the presence of a nearby, perfectly conducting

wall. However, in realistic experiments resistive conductors can only slow the instability

down to the L/R time-scale of the wall. Some time ago, it was proposed3 that in a rotating

plasma, the resistive wall would act like a perfectly conducting wall for non-axisymmetric

stabilities, owing to the fact that the helical eddy currents would rotate faster than the

L/R time-scale of the wall and thus not decay. This would therefore stabilize the mode.

However, it was later shown,4 in an analytic calculation using a very simplified model in

slab geometry, that a resistive wall with rotation would not stabilize the kink mode, but

rather the mode would be fixed with respect to the wall and grow on the resistive time

scale.

More recently, numerical calculations5'6 have shown that both of these simplified theories

are partially correct. There are, in fact, two modes that must be stabilized simultaneously.

These calculations, which were done for realistic toroidal equilibria with rational surfaces

and using a mechanism for dissipation of the sound waves to approximate ion Landau

damping, have shown that pressure-driven kink modes could indeed be completely stabilized

given sufficient toroidal rotation. The first of these two modes, the ideal "plasma mode,"

which does not penetrate the wall and rotates very quickly with respect to the wall in the

manner suggested by Yoshida and Inoue,3 is stabilized by the resistive wall acting like a



perfect conductor. Therefore, the mode is stabilized when the plasma-wall separation is

less than that for the marginal value of MHD stability of the ideal kink mode with an ideal

wall.

The second, the "resistive-wall mode," corresponding to the mode which was not sta-

bilized in the model of Ref. 4, has a very small real frequency with respect to the wall

(it is nearly locked to the wall). It was shown,5"7 that this mode can be stabilized given

sufficient rotation, dissipation of sound waves in the plasma, and if the wall position is

farther than some minimum plasma-wall separation. This threshold wall position moves

closer to the plasma with increasing rotation speed, and a significant region of stability in

terms of wall position, which lies between the marginal wall position for the plasma mode

and the resistive wall mode, is opened given sufficient rotation.

Considerable experimental evidence8"13 now exists that demonstrates that toroidal ro-

tation does stabilize pressure-driven kink modes in tokamaks and leads to experimental

beta-values significantly above the beta limit for such modes. Analysis of experimental

shots and comparison to the new resistive wall mode theories11'12 indicate a good agree-

ment between experiment and theory. There has been considerable additional theoretical

work7'14'15 which substantiates and expands upon the early calculations.

In this paper, the effect of toroidally continuous gaps in the wall on the stability of

resistive wall modes is considered. We will look at both the effect of these gaps on the

instability (its growth rate and structure) without rotation, and on the stabilization of

resistive wall modes by toroidal rotation. The calculations are performed using a modified

version6 of the NOVA-W code.16'17

II. Partial Walls With No Rotation

The effect of toroidally continuous gaps in the resistive wall on the passive growth

rates with no rotation will be considered first. Calculations were performed to find the



growth rates of an equilibrium surrounded by a resistive wall with gaps at the inboard and

outboard midplane. Figure 1 shows the geometry of the conformai resistive wall with the

poloidal gaps. In the following figures, positive values of 8 will represent the angular extent

of a toroiually continuous gap centered at the inboard miuplane, while negative values

of 9 represent gaps centered at the outboard midplane. (Here, 6 measures the angular

half-width of the gap, which is symmetric about the midplane.)

Because of the importance of wall stabilization for advanced tokamak equilibria18 (with

reverse-shear, high-/3, high bootstrap fraction) we will focus on such equilibria. The primary

equilibrium considered here is a reverse-shear equilibrium that was used for calculations

presented in Ref. 6. This particular equilibrium is identical to that in in Fig. 9 of Ref. 6

at /3* = 5.2% (/3* is the rms value of f3, i.e., (3* = 2/zo(p2)1/7(B2)). This equilibrium is

very similar to the equilibria described in Ref. 18. It has q0 = 2.5, qmin ~ 2.2, q3 = 4.1,

very high pressure, and a bootstrap fraction of nearly unity with the bootstrap current well

aligned with the total plasma current. It is stable everywhere to ballooning modes and has

good stability properties with respect to various microinstabilities,18 but is unstable to the

low-n, external, pressure driven kink. In the absence of a conducting wall, the limit in f3*

is 2.49%.

In Fig. 2 the growth rate normalized to the wall time, ^TW (here, TW = fio^d/r}) is

plotted with respect to the magnitude of the gaps on the inboard and outboard sides. We

see that the growth rate is hardly effected when a gap is introduced on the inboard side

for this high-/3 reverse-shear case. In fact, the entire inboard wall can be removed without

noticeably increasing the growth rate. It is only when the value of 6 is increased so that

the gap extends to the upper and lower parts of the wall and reaches the outboard side

that the growth rate begins to increase significantly.

By contrast, even a small gap on the outboard midplane causes the growth rate to

increase rapidly. In fact, a gap of half-width \0\ = 0.02817T (5.1°) on the outboard midplane

results in a growth rate {"yrw = 10) as high as removing the entire inboard wall to 9 =



±0.2457r (44.2°). Clearly the stabilizing eddy currents in the wall and the overall mode

structure must be concentrated near the outboard midplane. This is not surprising because

of the ballooning nature of the high-/?, pressure-driven kink.

Figure 3 shows the magnitude of the induced eddy currents in the wall the poloidal

plane at toroidal angle <f) = 0 for this this equilibrium in terms of the normalized poloidal

angle s. Here, 5 = 0 (and s = 1) refers to the outboard midplane, and s = 0.5 denotes the

inboard midplane. The number of peaks reflect the dominant m = 5 harmonic at the edge,

but the mixing of the other harmonics with large magnitude results in a concentration of

the induced currents at the outboard side. It is clear that removing a section of the wall

on the outboard side has a much greater effect than removing part of the inboard side.

For comparison let us consider a case using an equilibrium which is a circular, zero-

pressure equilibrium with qo — 1.2, q3 = 1.9 and a monotonie çr-profile. In Fig. 4 the growth

rate is plotted with respect to the angular extent of the gap on the inboard or outboard

side in the same way as Fig. 2. Clearly this case is much more symmetric than in the

high-/? case. There is only a slight increase in growth rate for an outboard gap over that

for an inboard gap with the same magnitude, which can be attributed to the finite aspect

ratio (R/a = 3) of this equilibrium.

In Fig. 5 we see the induced wall currents for this equilibrium with a complete resistive

wall. Here, the number of peaks reflects the very dominant m — 2 harmonic, and the other

harmonics contribute very little, so that the induced wall currents are a nearly symmetric

m = 2 pattern.

A. Deformations of the eigenfunction

It has been shown19 for n = 0 modes that localized poloidal sections of passive conductor

can alter the eigenfunction and thus the eddy current pattern so that the stabilizing effect

of the eddy currents is reduced. When there is only a pair of conducting plates (as opposed



to a continuous resistive wall) the harmonics of the eigenfunction are modified so as to

reduce the stabilizing eddy currents in those plates compared to the eigenfunction for the

case of a complete, continuous resistive wall.

Figure 6 shows how the eigenfunction of the instability is affected by the removal of

sections of the resistive wall. Plotted are the values of the m — 2,3,4 harmonics (at the

plasma edge) vs. the angular magnitude of poloidal gaps on the inboard and outboard sides.

Also plotted is the normalized growth rate (here, JTW/20 is plotted to match the scale of

the harmonics of the eigenfunction). The variation of the harmonics are greatest where the

increase of the growth rate is the highest. When the magnitude of the gap is increased on

the outboard side, there is a decrease in the magnitude of the m = 2,3,4 harmonics, and

is steepest for the m = 3 harmonic. The changes in the eigenfunction due to removing the

inboard wall (positive 9) are in the opposite sense, and are not as sharp.

Figure 7 shows how the changes with the eigenfunction caused by the modifications of

the resistive wall alter the induced eddy currents in such a way that their stabilizing effect

is reduced. Plotted in Fig. 7 are the magnitudes of the induced currents with a complete

resistive wall (solid line—as in Fig. 3) and that for the case with a gap of magnitude

A0 = 0.2097T (38°) in the outboard side (dashed line). Of course, the eddy currents in the

gap are zero, and we see that the region with the large eddy currents on the outboard side is

pushed further towards the outboard side with respect to the case with a complete resistive

wall. The modifications of the eigenfunction effectively push the large eddy currents "into

the gap." Increasing the gap size also increases the shift of these induced currents toward

the gap, as well as decreasing the width of the eddy current peaks. These modifications to

the eigenfunction increase the growth rate of the instability over that which would result

if the eigenfunction were not changed.

In Fig. 8 the growth rate with respect to the gap size is plotted, as in Fig. 2, but for

4 different values of the plasma wall separation ranging from d/a = 1.05 to d/a = 1.20.

The graph shows that a closer wall compensates a lot towards having an outboard gap, but



not as much towards having a partial wall only on the outboard side. In other words, the

smaller wall separations allow much larger outboard gaps for the same growth rates than

the larger separations. The difference is not as large in the other sense (when there is only

conducting wall on the outboard side).

III. Partial Walls With Rotation

Here, the ability of partial walls to stabilize the resistive wall mode with toroidal rotation

will be considered. It is well established5'6'14'15 that the resistive wall mode is more easily

stabilized (i.e. stabilized at a lower rotation velocity) when the wall is farther away from

the plasma. The reduced coupling of the mode to the resistive wall, when the wall is

farther away, helps to stabilize the resistive wall mode. This suggests that it might also be

easier to stabilize the resistive wall mode if there are gaps in the wall. In other words, a

partial wall at a given plasma-wall separation might act similarly to a complete wall that

is farther away. This was shown to be the case with toroidal gaps.15 However, we have

seen in the previous section that a gap on the outboard side, where the mode structure

is concentrated, has a much larger effect on the growth rate than gaps placed elsewhere

around the plasma. We shall see that outboard gaps have a strong favorable effect on the

wall stabilization by rotation of pressure-driven kinks, and that such gaps can greatly relax

the requirements of rotation velocity and/or wall separation at the expense of requiring a

smaller wall separation in order to stabilize the ideal plasma mode.

It has been shown6'7'14'15 that some kind of plasma dissipation is needed to stabilize the

resistive wall mode. In these calculations the effect of Landau damping of the sound waves

is modeled using a fluid approximation. In order to approximate the effect of the Landau

damping of sound waves in the plasma, the perturbed pressure is split into a convective

and a Lagrangian part,

Pi = -(• Vpo + Piz, (1)



where

dPlL/dt = -TpoV-v-vp1L (2)

The damping rate v is taken to be a constant in the calculations presented here. This is

one of the approximations used in Refs. 5 and 6.

In Fig. 9 we plot the growth rate normalized to the wall time, "frw vs. the wall separation,

d/a, for the high-beta, reversed-shear equilibrium used earlier, with a poloidally continuous

resistive wall compared to a section of the wall with the inboard wall missing 75% of the

way to the outboard midplane (i.e., only the outboard 25% of the wall remains)—at fixed

rotation frequency, LUT/UJA — 0.10. The results show that the case with only a partial wall

stabilizes more easily, i.e., with the wall closer to the plasma. Therefore by introducing a

very large gap on the inboard side, it is effectively like moving the wall somewhat farther

from the plasma in terms of stabilizing the resistive wall mode. Of course, this makes

stabilization against the plasma mode somewhat more difficult, in that the marginal wall

separation for stability to the ideal plasma mode is closer to the plasma, but in this case the

change is not very great since the outboard wall section provides most of the stabilization

and the inboard section very little.

Figure 10 shows the same cases for fixed wall position (d/a = 1.04) in terms of rotation

frequency, uiT, needed to stabilize the resistive wall mode. Removing the inboard section of

the resistive wall allows stabilization at a rotation frequency about 6% lower than with a

complete resistive wall at the same wall separation.

The results from Section II demonstrate that the pressure-driven kink mode couples

most strongly to the wall on the outboard side. Therefore, since the resistive wall mode

is more easily stabilized by reducing the coupling to the wall, it makes sense that by

introducing a gap on the outboard side, and thereby removing the section of the wall to

which the mode couples most strongly, it would be much easier to stabilize the resistive

wall mode.

Figure 11 shows the results with a wall separation of d/a — 1.04 and a gap centered at



the outboard midplane with half-width 9g = 0.27T. The two curves represent two values of

the pressure-damping coefficient u, from Eq. (2), differing by a factor of 5. For both values

of v, the threshold rotation frequency above which the resistive wall mode is stabilized is

U)TJU!A ~ 0.103—a reduction of 13% from the case with a full wall.

Figure 12 shows result for a somewhat larger outboard gap of half-width 9g = 0.277T,

again for two values of v (here differing by a factor of 2). Here the threshold rotation

frequency is ujrjojA ~ 0.092 for both values of v—a 22% reduction from the case with a full

wall.

It is quite noticeable that in all four curves of Figs. 11 and 12, that there is some

stabilization at intermediate frequencies as well. For the curve with v — .1 at 8g = 0.2TT in

Fig. 11, there is just a shallow dip in 7 with a minimum at UJT/^A ~ 0.081. However, at

the lower damping coefficient of v = .02 the dip extends to negative values of 7 and a very

narrow band of stable frequencies exists at ÙJT/UJA ~ 0.081 with width Ao;r/o;r « .002.

With a larger outboard gap this band of stabilization is widened. Figure 12 shows that

this dip in the v = .1 curve drops down to marginally stable values. The curve for v — .05

shows a larger gap than for the case in Fig. 11, although the gap is still relatively narrow.

The magnitude of the band of stable values for UJT—even whether it exists at all—is

a strong function of the damping coefficient, u. And yet the value of the true threshold

for rotation frequency which stabilizes the mode (beyond which the resistive wall modes

remains stable) does not seem to be strongly affected by the value of the damping coefficient

as can be seen in Figs. 11 and 12.

However, the existence of this narrow band is not a particularly significant effect, in that

it exists only for a small range of values for the gap width, 6g, and the band itself is quite

narrow in terms of stable values of uT. Figure 13 shows the results for a slightly larger gap

of 6g = 0.3?r, along with the results for 9g = 0.27vr, 9g = 0.2TT, and 9g = 0 (full wall). Here

we see that the narrow band of stable values of wT has vanished when 9g = 0.37T, since the



outer threshold value has moved to the left in the figure past the gap. The band of stable

values does not move in the direction of lower a/r as fast as the stability threshold point,

therefore the band of stable ù;r's vanishes as the magnitude of the outboard gap increases.

The phenomenon of a range of stable values in UJT below the real threshold value for

stability is not a result of the existence of gaps in the wall. Figure 14 shows 7 vs. uT for

several values of wall separation d/a, but with a poloidally continuous and complete wall.

It can be seen that there is a narrow range of stable values centered around UJT/UJA « 0.08

for d/a = 1.26. The mode becomes unstable again at higher values of UIT/U)A and finally

stabilizes at U>T/UJA « 0.093. For a plasma-wall separation of d/a = 1.28 there is a somewhat

larger range of values of UJT/U>A centered at UJT/^A ~ 0.077, which becomes unstable again

at UT/IJJA ~ 0.084, and then stabilizes at the threshold value of WT/UA ~ 0.089. At larger

wall separations (e.g., d/a = 1.30) there is no range of stable values below the threshold

value {ujr/ojA ~ 0.066 at d/a = 1.30).

Figure 13 shows that the threshold value of stability of av for the case with an outboard

gap of 8g = 0.37T is WT/OJA ~ 0.069. This is a reduction of 41% of the necessary rotation

frequency to stabilize compared to the case with a full wall. The necessary wall separation

needed to stabilize the ideal plasma mode is d/a = 1.06 for the case with an outboard gap

of 9g = 0.3TT, compared to d/a = 1.36 for the full wall. This results in the need to have the

wall somewhat closer when there is such a gap, but there is a significant reduction in the

necessary rotation to stabilize the resistive wall mode.

A. Wall Stabilization with Discrete Conducting Plates

In the TPX design20 passive stabilization against the axisymmetric, vertical instability

and against ideal external kinks21 is provided by conducting plates on the inboard and out-

board sides. In fact, the passive structure is not quite axisymmetric and actually takes the

form of a 3-dimensional "cage".21 But it can be approximated as two pairs of axisymmetric

10



plates. As we have seen that a resistive wall on the inboard side has very little effect on the

kink mode in high-pressure, reversed-shear equilibria, the inboard plates will be ignored in

the following calculations. These calculations use a pair of conformai wall sections on the

outboard side with the same poloidal angular extent as the outboard TPX plates (from

|0| = 0.187T to |0| = 0.48TT).

The results are shown in Fig. 15. The growth rates are normalized to the same wall

time (calculated for a complete resistive wall) as in Fig. 10. Here we see that the growth

rates are considerably higher than for the cases in Fig. 10, particularly in the peak just

short of the critical growth rate for stabilization. But we see that stabilization occurs at a

much lower rotation frequency. In fact, the necessary critical frequency for stabilization is

reduced by a factor of approximately 3.6 compared to the case with a complete wall with

the same plasma-wall separation (with a full wall at d/a = 1.04 there is stabilization at

ur/uA « .12).

By comparing the curves in Figs. 10 and 15 we see the effect of reducing the coverage

of the wall on the resistive wall mode. As the amount of conducting coverage decreases the

overall growth rate goes up, as one would expect. Also, the peak in the growth rate just

below the critical rotation frequency, wC) becomes much narrower, steeper, and greater in

magnitude. In the case of the approximation to the TPX plates, the growth rate is larger by

well over an order of magnitude compared to the case with a full resistive wall. Therefore,

if the rotation velocity is short of the critical value then the mode growth rate will be very

much higher with the limited coverage of the plates. But the necessary rotation required

for complete stabilization is much less for the case with discrete conducting plates than for

the full wall.

Of course, the other great effect is on the critical wall position for stabilizing the ideal

plasma mode. For the calculations shown in Fig. 15, the plasma-wall separation for the

conformai plates was d/a = 1.04. The critical wall separation for marginal stability for

the ideal plasma mode is d/a = 1.07. This is greatly reduced from the critical value with
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a full wall of d/a = 1.36. This leaves a very narrow region of stability for the position of

the plates. Therefore, there is a trade-off by removing sections of the wall and using only

plates of limited poloidal extent instead of a full resistive wall.

Let us compare the region of stability (in terms of wall position) for a full wall: d/a =

1.24 — 1.36 at u>T/i0j\ = 0.10 to that with the approximation of the TPX plates: d/a =

1.04 —1.07 at UJT/CJA — 0.0328. The extent of the region of stability in terms of wall position

is greatly reduced, and is shifted much closer to the plasma. However, the critical rotation

frequency, u>c, to stabilize the resistive wall mode is greatly reduced—by over a factor of 3

in this case. This can be a very advantageous trade-off since it may be difficult to maintain

the high rotation frequencies that were required for stabilization of this equilibrium in

Ref. 6 (as much as 10% of the Alfvén frequency) in an experiment. Also, for a realistic

design it is very often necessary to have a large midplane gap on the outboard side in the

close-fitting passive conductors in order to allow access for diagnostics and neutral beams.

Therefore, the existence of a realistic outboard gap in the resistive wall allows the region

of stability for the resistive wall mode (in terms of wall position and rotation velocity) to

be shifted to a much more accessible domain, even when the overall extent of the region of

stability (in terms of wall position) is smaller.

IV. Summary and Discussion

The effect of toroidally continuous gaps in the resistive wall on the stability of low-n ex-

ternal kink modes has been examined both with and without toroidal rotation. These gaps

in the resistive wall can significantly increase the growth rate of low-n kink modes. This

is particularly true of outboard gaps for pressure-driven kink modes, because of the con-

centration of the mode structure on the outboard side. Removing the wall on the inboard

side has relatively little effect on such modes. In addition, the form of the eigenfunction of

the displacement is modified in response to the placement of these gaps. The eigenfunction
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changes in such a way that the stabilizing eddy currents are pushed into the gap and out of

the remaining conductor. This reduces the stabilizing effect and increases the growth rate.

For the stabilization of resistive wall modes by toroidal rotation, the gaps can have a

beneficial effect. The presence of gaps has the same stabilizing effect as moving the wall

away from the plasma. Of course, gaps in the region of the wall where there is the greatest

coupling to the wall have the largest effect. Thus, for pressure-driven kink modes, gaps on

the inboard side have little effect, whereas those near the outboard midplane can greatly

relax the requirements for minimum rotation speed or minimum wall separation necessary

to stabilize the resistive wall mode. This is done, however, at the expense of requiring a

much smaller wall separation to stabilize the ideal plasma mode, because of the reduced

stabilization by the wall as described above. But this trade-off can be quite favorable if

the necessary rotation velocity is greatly reduced by the presence of the gap—especially in

designs where an outboard gap in the close fitting passive conductors is necessary anyway

for technical or engineering reasons.

Recent analysis of PBX-M data demonstrates wall stabilization of pressure driven

modes.12 Analysis of the reconstructed shot equilibrium shows that the plasma beta is

above the ideal MHD beta limit with the wall at infinity, but stable with a close fitting

ideal wall. Calculations12 were done with the NOVA-W code, using the actual form the the

PBX-M wall including the large gap at the outboard midplane, showed that the resistive

wall mode could be stabilized at approximately the rotation speeds that were measured

in the experiment. These calculations also indicated that the necessary toroidal rotation

speed was reduced by over a factor of two compared to that which would be needed if the

PBX-M wall had no gaps. This significant reduction in the necessary rotation speed owing

to the outboard gap, which is a integral part of the design, allowed stabilization of the

instability at rotation speeds that are attainable in the PBX-M experiment.

While the precise quantitative results presented here have some dependence on the

model used to simulate the sound wave damping, Eq. (2), and quantitative results might

13



differ somewhat with other models as in Ref. 6, the same reduction in the rotation fre-

quencies needed to stabilize the resistive wall mode in the presence of gaps in the wall

(and likewise the same reduction in allowable plasma-wall separation to stabilize the ideal

plasma mode) will be seen regardless of the mechanism used for dissipation. In fact, since

the dependence on the wall separation for stabilization of resist :ve wall modes is common

to all of the recent theories, this effect would also be present in theories with a completely

different mechanism for stabilization.22'23

The improvements in resistive wall mode stability described here may even be applicable

to tokamak designs with a completely surrounding wall such as ITER.24 If it is possible to

design the wall modules in ITER such that the eddy current paths were interrupted near

the outboard midplane (i.e., making a very high effective resistivity in a limited part of

the outboard wall) where the high-/? kink couples the strongest to the wall, then the same

effect would be seen. This would cause very little degradation to vertical stability, because

the axisymmetric vertical mode is almost completely antisymmetric and therefore couples

very little to the wall near the outboard midplane.19
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Figures

FIG. 1. The geometry of outboard and inboard toroidally continuous gaps. In the following

figures, a negative value of 9 denotes a gap at the outboard side and a positive value

denotes a gap on the inboard side.

FIG. 2. The growth rate normalized to the wall time with respect to the angular extent of

the gaps on the inboard (positive 9) and outboard (negative 9) side.

FIG. 3. Plot of the magnitude of the induced currents in a complete resistive wall with

respect to the normalized poloidal angle, s (s = 0 is at the outboard midplane).

FIG. 4. The growth rate normalized to the wall time with respect to the angular extent of

the gaps on the inboard and outboard side for a j3 = 0 kink.

FIG. 5. Plot of the magnitude of the induced currents in a complete resistive wall with

respect to the normalized poloidal angle, s, for the /3 = 0 kink (s = 0 is at the outboard

midplane).

FIG. 6. Magnitude of the m = 2,3,4 harmonics of the eigenfunction at the plasma surface

plotted together with the normalized growth rate (7^/20) with respect to angular

extent of gaps.

FIG. 7. The eddy currents for the case with a complete resistive wall (solid line—as in

Fig. 3) plotted with those for the case with a large outboard gap (dashed line). The

deformation in the eigenfunction is seen here to move the peak currents towards the

gap.

FIG. 8. The growth rate normalized to the wall time with respect to the angular extent

of the gaps on the inboard (positive 9) and outboard (negative 9) side for various wall

separations, d/a.

18



FIG. 9. The effect of a large inboard gap on the resistive wall stabilization by rotation.

The growth rates (normalized to the wall time) are plotted vs. wall separation, d/a, at

fixed rotation speed, U)T/U>A = 0.10.

FIG. 10. The growth rates (normalized to the wall time) are plotted vs. the rotation fre-

quency u>r at fixed wall separation (d/a = 1.04).

FIG. 11. The growth rates (normalized to the wall time) are plotted vs. the rotation fre-

quency u>T at fixed wall separation (d/a = 1.04) for the case with and outboard gap of

half-width 6>g = 0.2?r.

FIG. 12. The growth rates (normalized to the wall time) are plotted vs. the rotation fre-

quency ijJT at fixed wall separation (d/a = 1.04) for the case with and outboard gap of

half-width 6g = 0.27TT.

FIG. 13. The growth rates are plotted vs. the rotation frequency u>r at fixed wall separation

(d/a = 1.04) for the cases with outboard gaps of half-widths 6g = 0 (full wall), 9g = 0.27T,

9g = 0.27TT, and 9g = 0.3?r.

FIG. 14. The growth rates are plotted vs. the rotation frequency uir at various wall separa-

tions with a complete and continuous wall to show that the existence of a stable band

of frequencies below the threshold stabilizing frequency is not limited to cases with gaps

in the wall.

FIG. 15. The growth rates (normalized to the wall time) plotted vs. OJT for the case with

plates of very limited poloidal extent, which are an axisymmetric approximation of the

outboard plates in the TPX design.20
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