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ABSTRACT 

We show, for q-profiles which lead to a 'disruption, that the control 
of the amplitude of the 2/1 tearing mode avoids the disruption. We have 
studied q-profiles measured in T-4 and PLT before a major disruption. Two 
methods of controlling the 2/1 mode amplitude have been considered: 
1) Feedback stabilization with the feedback signal locked in phase with 
the 2/1 mode. The major disruption is suppressed if the feedback param-
eters (time delay and gain) are properly chosen. Otherwise, we observe 
only a delay in the disruption. 2) Heating slightly outside the q = 2 
surface. Modifying the current density profile can decrease, and even 
eliminate, the 2/1-3/2 interaction. In this way the disruption is avoided. 

In both cases it is only necessary to decrease the 2/1 mode amplitude 
to suppress the disruption. It is not always necessary to stabilize the 
unstable modes fully. 
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1. INTRODUCTION 

During the past several years it has been suggested that the stabi-
lization of resistive tearing modes in tokamaks would have desirable 
consequences. Recent nonlinear theoretical results indicate that the 
stabilization of the m/n - 2/1 tearing mode will improve plasma confine-
ment [1-4] and possibly prevent major disruptions [5,6]. Specifically, 
it was established (Ref. [1]) that th.- amplitude of the m = 2, n = 1 
poloidal magnetic fluctuations (Mirnov oscillations), as measured at the 
limiter, can be explained by the elementary nonlinear theory of the 2/1 
tearing mode. Also, the confinement time has been empirically correlated 
with the amplitude of the m = 2 Mirnov oscillation [3,7] (as the amplitude 
increases, the confinement deteriorates). Thus, the stabilization of 
the 2/1 mode should be pursued. Furthermore, it has been shown that, 
for q-profiles observed prior to some major disruptions [8,9], the 2/1 
and 3/2 modes are both linearly unstable. A nonlinear, three-dimensional 
analysis shows that the 2/1 mode further destabilizes, through mode 
coupling, the 3/2 mode, as well as other modes, on a rapid time scale. 
This results in overlapping islands of different helicities, with 
stochastization of field lines presumably producing a disruption [5]. 
This suggests that the stabilization of the 2/1 mode could provide a way 
of avoiding the major disruption. 

In this paper the three-dimensional, nonlinear resistive magneto-
hydrodynamic (MHD) code RSF [10] has been used to study numerically two 
methods of stabilization of the 2/1 mode: 

1) Feedback stabilization [11]. A feedback mechanism can be used to 
stabilize the 2/1 tearing mode if the mode and the feedback signal 
are locked in phase at the limiter. However, the feedback parameters 
(time delay and gain) must be properly chosen for the method to work. 

2) Heating outside the q = 2 surface. This method, suggested in Ref. [12], 
is the result of a linear analysis. Our analysis shows that the 
growth rates and single helicity saturation amplitudes of the 2/1 and 
3/2 modes decrease when the temperature (current density) increases 
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outside the q = 2 surface. By modifying the current density in this 
manner, we can decrease, and even eliminate, the 2/1-3/2 interaction. 
In this way a major disruption could be avoided. 

Because the computer code RSF [10] can deal with mixed helicity 
problems, we can follow the effects of the stabilization of the 2/1 on 
its nonlinear interaction with other modes. This allows us to see its 
effect on the disruption. 

There are some experimental results [13,14] which show agreement 
v/ith our numerical studies, giving further encouragement to this line of 
research. 

The general method of feedback stabilization, together with linear 
results, is presented in Section 2. The nonlinear results for profiles 
likely to produce a major disruption are discussed in Section 3. In 
Section A we present the method of profile modification, and our con-
clusions are summarized in Section 5. 
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2. FEEDBACK STABILIZATION: LINEAR THEORY 

We have studied the stabilization of the 2/1 tea.-ing mode using the 
reduced set of resistive MHD equations introduced in Ref. [15]. They 
were derived for low & plasmas having large ratios of toroidal to poloidal 
magnetic fields. In cylindrical geometry they are (see appendix): 

In the single helicity approximation, these equations reduce to those 
used in previous work [16,17]. They do not contain diamagnetic drifts 
or other finite gyroradius effects [18], but recent results indicate 
that the nonlinear development of the 2/1 tearing mode is not substan-
tially affected by diamagnetic drifts [19]. Thus, this set of equations 
is appropriate for a preliminary investigation of feedback stabilization. 
Most of the results presented in this paper correspond to locking the 
phase between the mode and the feedback signal. In some cases we have 
simulated a variable phase shift between the mode and the feedback 
signal by a rigid rotation of the whole plasma. This process leads to 
negative results. The necessity of locking the feedback signal and the 
2/1 mode in phase for the single helicity approximation is pointed out 
in Ref. [20]. 

To gain insight into the problem, we found it useful to begin with 
a linear analysis. This corresponds to an ideal feedback having a time 
delay t^ of zero. The singular (mode rational) surface is defined by 
the radius r at which q(r ) = m/n. For values of r such that |r - r I mn mn 1 mn1 
is larger than the tearing layer width, the inertial term is unimportant. 
In this case Eq. (2) yields [21] 

Drjj/Dt = TiJ - E* - 3+/BC (i) 

DU/Dt = -S2[c;'(VtJ/ x VJ^) + DJ /3c] 
- ? 

(2) 

(3) 
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where the o subscript denotes unperturbed quantities and J (\|> ) is rnn mn 
the perturbed current (flux). In the absence of a feedback signal, this 
singular equation is solved with these boundary conditions: ^n^ 3) = 

regular at r = 0, and \p continuous at r . Due to the singularity mn mn mn 
at r , the quantity 

ran 
lim 
6-+0 

d^ mn dip mn 
dr dr 

ran 
u r i / mn 

* (r ) mn mn (A) 

+ is nonzero. Here r = r ±6. The tearing mode is stable if A' < 0. mn mn mn 
Inclusion of a feedback signal alters the above boundary conditions 

to allow nonzero values of The condition for marginal stability 
remains A' = 0, so that feedback stabilization consists of controlling mn 
the value of Af through the boundary condition \(J (a). The value of mn mn 
<p (a) which results in A' = 0 can be used to calculate the magnetic mn mn 
field which must be applied by the feedback system to stabilize the mode 
in this ideal case. 

As an example, using flat current profiles [21] for which 

q = 2 4 / 1 + ( r / V 
l + ( r 2 1 / r o ) < 

we have evaluated the relative amplitude of the feedback signal, i.e., 
the value of = 1̂ 21 (a)/^21 (r21) » which A^j vanishes. The results 
are presented in Fig. 1, where versus r2i has been plotted for three 
fixed values of r^. The q-profile obtained from fitting the electron 
temperature profile measured in the Princeton Large Torus (PLT) [8] (see 
appendix) prior to a major disruption has SQ = -6.9 for marginal sta-
bility, and simulation of this case has been carefully studied in 
Refs [5,6,15]. Figure 2 shows the time evolution of the 2/1 mode for 
this profile using different values of There is good agreement 
between the value of B obtained from the condition A?'i = 0 and the one o 
which gives zero growth rate for this mode. 
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3. FEEDBACK STABILIZATION: NONLINEAR RESULTS 

The effect of the feedback stabilization of the 2/1 tearing mode on 
a major disruption has been studied using RSF [10], a three-dimensional, 
nonlinear resistive MHD code. The interaction of modes of different 
helicities is considered in RSF, making it an appropriate tool for the 
study of the major disruption. 

Two equilibrium q-profiles, one characterizing PLT [8] and the 
other T-4 [22] prior to a major disruption, were considered. Realistic 
values for S were used, namely S = 4 x 105 for T-4 and S = 106 for PLT 
(see appendix for details). 

As described in Section 2, the relative phases of the 2/1 mode and 
the feedback signal were locked. A time delay t^ between the 2/1 signal 
and the feedback response was assumed. The effect of the feedback 
signal was incorporated as a boundary condition upon the poloidal magnetic 
flux ^21: 

4/2l(r = a, t ) = 3 ( t ) t|»21 (r = r2i, t - t D ) (5) 

where g(t) performs the role of 3Q as described in Section 2. 
In both T-4 and PLT, stabilization of the 2/1 mode with finite tQ 

could not be achieved unless the feedback signal was periodically switched 
on and off. Otherwise, feedback caused the relative phases of tjj21 at the 
present and the delayed times to flip, leading the feedback signal to 
drive, rather than stabilize, the mode. To surmount this problem, the 
feedback signal was periodically switched on and off, thus allowing the 
2/1 mode to resume an eigenmode shape during the "off" period before 
modifying its shape through feedback during the "on" period. Using this 
scheme, we took the expression for g(t) to be 

3(t) = eQf(t) g(t) 
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where 

f Y21 ( tD + ton- t ) 

f(t) = < 

and 

, t < t t + tn on on D 

» 'on + S < C 

r -(t-t )/T on on 1 - e 
g(t) = < 

1 - e 
-(t-t )/T on on - ^ " ' o f f ^ V f 

t < t < t £ C on off 

• fcoff < t 

We have plotted this function 3(t) in Fig. 3. The function f(t) enhances 
the feedback signal by a factor equal to the linear growth of the 2/1 
mode between the time at which the signal is taken (t - tQ) and the time 
at which the feedback is initialized (t ). In this formulation, Yoi on 
represents the linear growth rate of the 2/1 eigenmode, and t is the 
time at which the feedback signal is switched on. The function g(t) 
represents the switching on and off of the feedback signal. The signal 
is turned on at time t with a characteristic rise time x and turned on on 
off at t __ with a decay time x ..... The "on time" is just t __ - t = off off J off on 
At and is taken to be a fixed constant. The "off time" At c c between on off 
t and the next switch on at a new t is also taken to be a fixed off on 
constant. We have taken At = At > x , x in this work. on off on off 

The feedback parameters to which the 2/1 mode is sensitive are the 
amplitude BQ> the time delay t^, and the switching period At = AtQn + 
Atoff" W e ^ a v e f°unc* a variety of cases that the best choice of 
switching period is At = 2 x t. r21 This means the 2/1 tearing mode 
is used to generate a feedback signal only at times when it is not sub-
jected to such a signal. Initial estimates for can be obtained from 
linear theory (see Section 2). 

Figure 4 shows the variation of the 2/1 island width with time for 
the T-4 q-profile for several values of g at a time delay t^ = 160 x„ o D Hp 
1.2 Y2J ( a H times will be expressed in poloidal MHD units). Linear 
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theory predicts = -2.2 for marginal stabilization in this case. We 
see that for no feedback stabilization the island width grows and a 
disruption eventually occurs. (The disruption is indicated in the 
figure by the vertical line). For 0 = -3.4, the island width oscillates 
with growing amplitude until a disruption occurs. For the intermediate 
values of 8 = -1.6 and 0 = -2.5, the 2/1 mode is stabilized as the o o 
island width oscillates within a finite range. In the best case B q = -2.5, 
which is close to the marginal stability value given by linear theory. 
Figure 5 shows the analogous results for the PLT q-profile using a value 
of tD = 200 = 0.9 Y21- In this case the linear theory estimate of Bq 

is -7. Again the nonstabilized 2/1 mode grows until disruption occurs. 
For the linear theory value of fj = -7, the 2/1 mode grows. The largest 
value of = -15. considered in Fig. 5, does not lead to a disruption, 
but the oscillations of the 'sland width have larger peak values than 
for the best case = -12). The results suggest that there is an 
optimal range for the gain of the feedback signal. Too intense a feed-
back signal can have destabilizing effects on the 2/1 node while too 
weak a feedback signal is insufficient for stabilization of the mode, 
i.e., 1.5 < -B 3.2 for T-4 case, o 

Let us consider a feedback system, similiar to the Adiabatic Toroidal 
Compressor (ATC) feedback system [14] , consisting of two Z = 2 helical 
coils inside the vacuum vessel. The current intensity needed in the 
coils to stabilize the 2/1 mode is given by 

where b is the radial position of the helical coils. For PLT parameters 
our calculations indicate that the current I should be between 1.7 kA 
and 3.7 kA and for T-4 between 0.8 kA and 3 kA. These values are only 
estimations, and more accurate values depend on the specific design of 
the feedback system. 

Figure 6 shows the effect of the delay time tQ on the stability of 
the 2/1 mode. The 2/1 magnetic island width is plotted as a function of 

o 
3 
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time for several runs having S q = -2.5 in T-4. For t = 0, the 2/1 
island width quickly goes to zero and stays zero. For t = 160 T„ = D Hp 
1-2 Y21> the 2/1 is again stabilized in the sense that the island width 
remains small. However, for t^ = 280 Th = 2.1 Y21 ancl tp = 00 ( n 0 feed-
back stabilization), a disruption occurs. If the time delay of the 
feedback signal is not kept small enough, we observe only a delay in the 
disruption. As a general result, we can say that the time delay should 
be 

tD < Y21 

where Y?I is the linear growth rate of the 2/1 tearing mode. 
It is informative to compare the island widths of the 2/1 and 3/2 

modes for runs with feedback and without feedback. Figure 7 shows the 
2/1 and 3/2 magnetic island widths as functions of time for both runs 
with feedback (3 = -2.5, t^ = 160 T„ ) and runs without feedback for the o D Hp 
T-4 equilibrium q-profile. Figure 8 shows a very similar behavior for 
the PLT q-profile. For both the T-4 and PLT profiles, the 3/2 island 
width saturates at its single helicity saturation value as long as the 
amplitude of the 2/1 tearing mode is kept sufficiently small. That is, 
when we control the island width of the 2/1 mode in such a way that the 
2/1 island does not touch the 3/2 island, the coupling between these two 
modes is negligible. There is, in this case, no further destabilization 
of the 3/2 mode which would lead to the disruption. 

We have simulated the effect of a nonzero phase shift between the 
feedback signal and the 2/1 mode by a rigid body rotation of the whole 
plasma. In this case we have not succeeded in stabilizing the 2/1 mode, 
and, of course, the disruption has not been avoided. 

We can underline the effect of feedback by showing the magnetic 
field lines when the 2/1 tearing mode is controlled by the feedback 
signal. In Fig. 9, we show the field lines at the end of the two runs 
presented in Fig. 7. When the feedback signal is off (Fig. 9a), there 
is a stochastic region covering about half of the plasma. But with the 
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feedback system on, practically no magnetic surfaces are destroyed. The 
anticipated improvement in confinement is qjite apparent. In Fig. 10 
similar results are shown for the runs presented in Fig. 8 (PLT case). 
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4. CONTROLLING THE CURRENT PROFILE NEAR THE q = 2 SURFACE 

Another way to control the amplitude of the 2/1 tearing mode Is to 
modify the current profile near the q = 2 singular surface by raising 
the temperature outside the q = 2 surface. 

From Eq. (3) it is clear that the tearing instability in the linear 
regime is driven by the gradient of the equilibrium current near the 
singular surface. We have investigated the possibility of controlling 
the 2/1 tearing mode by decreasing the gradient of the current density 
at the q = 2 surface. This method, suggested in Ref. [12], is a result 
of a linear analysis, and we have pursued it in the nonlinear regime. 
We assume that this modification of the current profile can be produced 
by increasing the electron temperature outside the q = 2 surface. We 
have made this modification in the current profile in an ad hoc way 
without generating the profiles self-conaistently. This introduces a 
limitation in our study, and it does not allow us to investigate the 
sensitivity of the method to the parameters relevant to its implementation, 
as we did for the feedback method. 

The nonlinear results show that the suppression of the major dis-
ruption does not require, in general, a careful tailoring of the current 
profile. It is sufficient to modify the current profile in such a way 
that the magnetic islands of the 2/1 and 3/2 tearing modes do not touch. 
This can be achieved by increasing the current outside the q = 2 surface. 
When the profile under consideration is very unstable to the 2/1 tearing 
mode, as in the case of the PLT current profile, we have to practically 
flatten the current profile at the q = 2 surface. 

In Fig. 11 we have plotted the current profiles we have considered, 
which correspond to different modifications of the PLT current profile 
(profile 1). For these profiles we present in Fig. 12 the time evolution 
of the 3/2 magnetic island width. Although a simple increase in the 
temperature outside the q = 2 surface (case 2) can delay the disruption, 
it does not avoid it. To suppress the disruption, it is necessary to 
practically flatten the current profile at the q = 2 surface. 
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To understand better the effect of the profile modification on the 
2/1-3/2 interaction, we have used a simple parameterization of the 
q-profile 

where X = Xq + l/2A"r2. We held q(0) and q(l) fixed at 1.08 and 4.0 
respectively and used XQ and X '' as free parameters. We. can modify the. 
gradient of the current profile in different ways and study its effect 
on the nonlinear interaction of the 2/1 and 3/2 tearing modes. As a 
measure of this interaction, we use the peak value of the growth rate of 
the 3/2 mode [5,23]. Another interesting parameter to calculate is 

where W2i and W32 are the single helicity saturated widths for the 2/1 
and 3/2 tearing modes respectively. For the cases we have considered, 
we found that there is a strong nonlinear interaction when d < 0. 

The results of our analysis are summarized in Figs 13 and 14. In 
Fig. 13 we present the results for X'1 held fixed to 0 and 0 < Xq < 4. 
As Xq increases, the current profile flattens near the magnetic axis 
while near the singular surface it becomes steeper. For Xq > 2.2, d is 
negative and the nonlinear evolution leads to a disruption. When we hold 

fixed to 2 and vary A " , we obtain similar results, as shown in Fig. 14. 
As a general result of this analysis, we conclude that the modifi-

cation of the current profile should give 

r2i - r 3 2 > 7 (W2i + W32) 

q = q(0) [1 + <r/ro)2A]l/X (6) 

d 

to suppress the disruption. 
If the modification of the current profile is in the wrong place, 

that is, if we increase the current density inside the q = 2 surface, 
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the 2/1 mode is more strongly destabilized. Therefore, it is important 
to study how to modify the profiles. Some recent experimental results 
from the JIPP T-II tokamak [13], using this technique to control the 
disruption, show positive results. 
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5. CONCLUSION 

The nonlinear interaction of the 2/1 and 3/2 tearing modes, which 
is a possible cause of major disruptions in tokamaks, can be suppressed 
by controlling the amplitude of the 2/1 mode either by feedback stabili-
zation or by heating the plasma edge. 

If a feedback mechanism is used to stabilize the 2/1 mode, the 
feedback signal should be locked in phase with this mode. The time 
delay of the system should be smaller than 1• The 8aln tbe feed-
back system should be near the value given by the linear theory for 
marginal stability. For the PLT and T-4 tokamaks, this implies currents 
in the feedback coil of the order of 2 kA and 1 kA respectively. 
Unless the parameters lie in this range, the disruption will not be 
suppressed, but only delayed. 

An alternative technique is controlling the current profiles near 
the q = 2 surface in such a way that 

1*2 1 " r32I " \ <W2 1 + W 3 2) 

But to fully establish the feasibility of this technique, it is necessary 
to investigate the transport effects on the generation of these current 
profiles. 
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APPENDIX 

In three-dimensional cylindrical geometry, the resistive MHD 
equations are (in dimensionless form) [15], 

Dij/ _ 3 d; 
Dt " . 

DU _ 3U 
Dt = 3t -S2 I-(V^ x ̂ J ) + 

where the subscript 1 denotes quantities taken perpendicular to the 
toroidal direction C, ty is the poloidal flux function, <J> is the velocity 
stream function, J^ = is the toroidal current density, and U = V ^ 
is the vorticity. The parameter S is the ratio of the resistive diffusion 
time t r [H yoa2/n(0), where n(0) is the resistivity at the plasma center] 
to the poloidal MHD time T^ (= where Rq is the major radius and 
V^ is the Alfven velocity). The resistivity n(r) is assumed to be 

w constant in time and is given by E /J (r), where the o subscript denotes 
w 

equilibrium quantities and E is the electric field at the wall (limiter) . 
The magnetic field is given by 

Details on the numerical scheme and time advancement of these 
equations can be found in Ref. [10]. The parameterization for the 
q-profile for T-A is obtained from the parameterization of the electron 
temperature profile given in Ref. [22], and it is 

B = _ v ty x I + B^C R o 

and the fluid velocity is given by 

v. = V<p x C 

q(r) = 1.25 
1 - th + 0.6r8 - 0.1428r12 
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For the PLT equilibrium q-profile, ve have fitted the electron temperature 
profile given in Ref. [8] with the expression for. q: 

q(r) = q(0) [1 + ( T / r Q y z W X 

The values of the parameters are q(0) = 1.34, r = 0.56, and X = 3.24. 



17 

REFERENCES 

CARRERAS, B., WADDELL, B. V., HICKS, H. R., Poloidal Magnetic Field 
Fluctuation in Tokamaks, Oak Ridge National Lab. Rep. ORNL/TM-6403 
(July 1978); to be published. 
CALLEN, J. D., WADDELL, B. V., CARRERAS, B., AZUMI, M. • TO, P. J., 
HICKS, H. R., HOLMES, J. A., LEE, D. K., LYNCH, S. J., r: ,ITH, J., 
SOLER, M., TSANG, K. T., WHITSON, J. C., Magnetic "Islandography" 
in Tokamaks, paper presented at the Seventh International Conference 
on Plasma Physics and Controlled Nvclear Fusion Research, Innsbruck, 
1978 (proceedings to be published); also published as Oak Ridge 
National Lab. Rep. ORNL/TM-6564 (September 1978). 
MIRNOV, S. V., paper presented at the IAEA Advisory Group Meeting 
on Transport Processes in Tokamaks, Kiev, November 1977. 
CALLEN, J. D., AZUMI, M., Bull. Am. Pays. Soc. 23 (1978) 885. 
WADDELL, B. V., CARRERAS, B., HICKS, H. R., HOLMES, J. A., 
LEE, D. K., Phys. Rev. Lett. 41 (1978) 1386. 
WHITE, R. B., MONTICELLO, D. A., ROSENBLUTH, M. N., Phys. Rev. 
Lett. 39 (1977) 1618. 
BERRY, L. A., BUSH, C. E., CALLEN, J. D., COLCHIN, R. J., 
DUNLAP, J. L., EDMONDS, P. M., ENGLAND, A. C., FOSTER, C. A., 
HARRIS, J. H., HOWE, M. C., ISLER, R. C., JAHNS, G. L., 
KETTERER, H. E., KING, P. W., LYON, J. F., MIHALCZO, J. T., 
MURAKAMI, M., NEIDIGH, R. V., NEILSON, G. H., PARE, V. K., 
SHAEFFER, D. L., SWAIN, D. W., WILGEN, J. N., WING, W. R., 
ZWEBEN, S. J., in Plasma Physics and Controlled Nuclear Fusion 
Research (Proc. 6th Int. Conf. Berchtesgaden, 1976), 1 (1977) 49. 
SAUTHOFF, N. R., VON GOELER, S., STODIEK, W., A Study of 
Disruptive Instabilities in the PLT Tokamak Using X-ray Techniques, 
Princeton Plasma Physics Lab. Rep. PPPL-1379 (January 1978). 
MIRNOV, S. V., SEMENOV, I. B., in Plasma Physics and Controlled 
Nuclear Fusion Research (Proc. 6th Int. Conf. Berchtesgaden, 
1976), 1 (1977) 291. 



18 

[10] HICKS, H. R., CARRERAS, B., HOLMES, J. A., LEE, D. K., LYNCH, S. J., 
WADDELL, B. V., Fourier Transform vs Finite Differences Techniques 
in Nonlinear Resistive MHD Codes, paper presented at the Compu-
tational Plasma Physics Meeting, Monterey, California, June 1978, 
C0NF-780614. 

[11] ARSENIN, V. V., CHUYANOV, V. A., Usp. Fiz. Nauk [Sov. Phys.-Usp.] 
123 (1977) 6; ARSENIN, V. V., Sov. J. Plasma Phys. .3 (1977) 524. 

[12] GLASSER, A. H., FURTH, H. P., RUTHERFORD, P. H., Phys. Rev. Lett. 
3£ (1977) 234. 

[13] TOI, K., ITOH, S., KADOTA, K., KAWAHATA, K.» NODA, N., Suppression 
of Disruptive Instabilities by Skin Heating in the JIPP T-II 
Tokamak, IPPJ-Nagoya Research Report (1978). 

[14] BOL, K., CECHI, J. L., DAUGHNEY, C. C., DeMARA, F., ELLIS, R. A., 
EUBANK, H. P., FURTH, H. P., HSUAN, H., MAZZUCATO, E., SMITH, R. R., 
in Plasma Physics and Controlled Nuclear Fusion Research (Proc. 
6th Int. Conf. Berchtesgaden, 1976), (1977) 83; ARSENIN, V. V., 
ARTEMENKOV, L. I., IVANOV, N. V., KAKWIN, A. M., M0L0TK0V, L. I., 
CHUDNOVSKII, A. N., SCHWINDT, N. N., GVOZDKOV, Yu. V., CHERKASHIN, 
M. Yu., Feedback Stabilization of Kink Instability in TO-I, paper 
presented at the Seventh International Conference on Plasma Physics 
and Controlled Nuclear Fusion Research, Innsbruck, 1978 (proceedings 
to be published). 

[15] HICKS, H. R., CARRERAS, B., HOLMES, J. A., WADDELL, B. V., 
Interaction of Tearing Modes of Different Pitch in Cylindrical 
Geometry, Oak Ridge National Lab. Rep. 0RNL/TM-6096 (December 1977). 

[16] ROSENBLUTH, M. N., MONTICELLO, D. A., STRAUSS, M., WHITE, R. B., 
Phys. Fluids 19 (1976) 1978. 

[17] WADDELL, B. V., ROSENBLUTH, M. N., MONTICELLO, D. A., WHITE, R. B., 
Nucl. Fusion 1(5 (1976) 528. 

[18] ARA, G., BASU, B., COPPI, B., LAVAL, G., ROSENBLUTH, M. N., 
WADDELL, B. V., Ann. Phys. 112 (1978) 443. 

[19] MONTICELLO, D. A., WHITE, R. B., ROSENBLUTH, M. N., Rotating 
Magnetic Islands, paper presented at the Annual Controlled Fusion 
Meeting, Gatlinburg, Tennessee, April 1978. 



19 

[20] MONTICELLO, D. A., WHITE, R. B., ROSENBLUTH, M. N., Feedback 
Stabilization of Magnetic Islands in Tokamaks, Princeton Plasma 
Physics Lab. Rep. PPPL-1477 (September 1978). 

[21] FURTH, M. P., RUTHERFORD, P. M., SELBERG, H., Phys. Fluids 16 
(1973) 1054. 

[22] ARTSIMOVICH, L. A., VERSKHOV, V. A., GLUCKHOV, A. V., GORBUNOV, 
E. P., ZAVERYAER, V. A., LYSENKO, S. E., MIRNOV, S. V., SEMENOV, 
I. B., STRELKOV, V. S., in Plasma Physics and Controlled Nuclear 
Fusion Research (Proc. 4th Int. Conf. Madison, Wisconsin 1977), 
1 (1972) 41. 

[23] CARRERAS, B., WADDELL, B. V*., HICKS, H. R. , Analytic Model for the 
Nonlinear Interaction of Tearing Modes of Different Pitch in 
Cylindrical Geometry, Oak Ridge National Lab. Rep. ORNL/TM-6175 
(March 1978). 



20 

FIGURE CAPTIONS 

FIG. 1. Relative amplitude of the feedback signal [(Bq = ij> 21U)(*2l) 1 
required by linear theory for marginal stability versus the radius of the 
2/1 singular surface for three flat profiles 

q = 2 
1 + (r/r )8 

o 

1 + (r2l/ro)( 

lh 

given by rQ = 0.4, 0.5, and 0.6. 

FIG. 2. The 2/1 growth rate versus time for three values of for an 
equilibrium q-profile characterizing PLT prior to a disruption. 

FIG. 3. The function 3(t), characteristic feedback signal, versus time 
for PLT parameters. (3 = 12, At = At ,, = t^ = 200 T„ ). This function r o on off D Hp 
is compared to the evolution of the 2/1 magnetic island width when the 
feedback signal is on. 

FIG. 4. Magnetic 2/1 island widths are plotted versus time for several 
values of SQ and an equilibrium q-profile characterizing T-4 prior to 
a disruption. All curves are for delay time t^ = 160 t . For = 0 
and -3.4, disruptions terminate the runs. 

FIG. 5. This figure is analogous to Fig. 4 except that the q-profile 
characterizes PLT and the delay time in t^ = 200 T^ . A disruption 
terminates the (S = 0 run. 

FIG. 6. Magnetic 2/1 island widths are plotted versus time for several 
values of t^ for the T-4 equilibrium q-profile. All curves are for 
feedback amplitude = -2.5. For t^ = 280 t„ and t^ = ro, disruptions 
terminate the runs. p 

FIG. 7. Magnetic island widths of the 2/1 and 3/2 modes are plotted as 
functions of time for unstabilized and stabilized runs using the T-4 
equilibrium q-profile. For the stabilized run, 3 = -2.5, and tD = 160 t. 
The unstabilized run terminates in a disruption. 
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FIG. 8. This figure is analogous to Fig. 7 except that the PLT 
equilibrium q-profile is used. For the stabilized run, = -12 and 
tn = 200 Tu . As in the T-4 case, the unstabilized run disrupts. 

FIG. 9. Magnetic field line configurations at the end of the two T-4 
q-profile runs presented in Fig. 7. 

FIG. 10. Magnetic field line configurations at the end of the two PLT 
q-profile runs presented in Fig. 8. 

FIG. 11. Current profiles obtained by modifying the PLT q-profile 
outside the q = 2 surface. 

FIG. 12. The 3/2 magnetic island width versus time for the three 
profiles considered in Fig. 11. 

FIG. 13. (a) The maximum of the 3/2 growth rate as a measure of the 
strength of the nonlinear coupling versus For the profile given 
by Eq. (6), we held q(0) = 1.08, q(l) = 4 , and A'' = 0 fixed. (b) The 
parameter d versus X for the same runs. 

FIG. 14. (a) The maximum of the 3/2 growth rate and (b) the parameter 
d versus A". We held fixed q(0) = 1.08, q(l) = 4, and A = 2. 
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