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Violating Suydam criterion produces feeble instabilities
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Eigenmode analysis of a magnetic shear localized ideal interchange mode indicates a marginal
stability condition consistent with the Suydafand Merciey criterion. However, the linear
eigenmode analysis shows that it is not a very restrictive condition because the mode growth rate is
exponentially small just above the marginal stability condition and the modes are easily stabilized
by finite ion Larmor radiugFLR) effects. This suggests that for practical applications to toroidal
confinement experiments, the Suydam—Mercier criterion does not introduce a restrictive condition
for operational limits. The criterion for robust growth appears to be almost a factor of two greater
than the Suydam criterion. It is also shown that even the presence of usual nonideal(Eff&;ts
electron diamagnetic flow and resistivitydoes not alter this higher criterion for robust
growth. © 2002 American Institute of Physic§DOI: 10.1063/1.1487865

I. INTRODUCTION netic and ion finite Larmor radius effects, the growth rate of

i ; . _ resistive interchange mode is significantly reduted.
Magnetohydrodynamic$MHD) is quite successful in SISTVE | 9 IS signi y reau

determining macroscopic equilibrium properties and linear In t_h'S paper, we descr_lb(_a an analysis of.llnear.gt_abnny
stability boundaries of a toroidal magnetically confined properties of ideal and resistive interchange instabilities us-

plasma. The theoretical stability boundaries are defined usin{j9 @ Simple sheared slab model. Here, all the relevant effects
an energy principle approach for which stability is analyzegsuch as ion finite Larmor radius effects, plasma resistivity
by examining the sign oBW, where SW is the change in and electron diamagnetic flow effects are included in one
potential energy caused by a small perturbation. The systegoherent “simple” slab model. We show, both analytically
is stable if6oW=0 for all allowable displacements satisfying and numerically, that the growth rate of a localized ideal
the relevant boundary conditions. The stability condition forinterchange mode is exponentially small ©r well above
a localized ideal interchange m0de if‘ a cylindrical plasma ishe marginal stability condition and is easily stabilized by the
known as Suydam’s criteriot; which is ion finite Larmor radiugFLR) effects. The effective stability
D,<1/4, for stability. (1)  criterion appears to bB;<0.4-0.5 rather than the Suydam
o ) o ) criterionD,<1/4. A physical interpretation of these results is
thare, the, 2dnvmgzy term_ for |_nstab|I|ty |sD|E—(87Tp0/ given in terms of the energy principle.
B2rs)(a/a’)"=pBLs/rpRe in which 1Ls=(1/Roq)(rq’/q), In the presence of dissipative effects such as resistivity,

_ ’ 2 . g _
Blvp= 87.7P°/BZ and RF is the average magne_t!c fleld' CU” the eigenmode structure changes significantly. The reason is
vature radius. In a toroidal geometry, the stability regime is

given by the Mercier criterioh?® again withD,=<1/4 for sta- that the smg_ular _Iayer 1S reso_IV(_ad by the resistive Ifayer rather
bility. For an axisymmetric tokamak in the limit of large than by the inertial layer as in ideal MHD case. Since resis-

aspect ratio, smal and circular cross-section, the form tVity changes the eigenmode structure, an energy principle
of D, in the Mercier criterion isD,=—(8mpg/B5r) analysis is no longer valid. Our eigenmode analysis for the
x(9/9')?(1—q?)." In these derivations, the mode is as- resistive interchange instability indicates that the mode
sumed to be localized arbitrarily close to the mode rationafjrows on a resistive time scale similar to that of equilibrium
surface. evolution, in the presence of electron diamagnetic and finite
The above criteria, derived using the energy principleLarmor radius effects. Thus, it seems that even in the pres-
do not provide any information about the properties of theence of nonideal effects such as resistivity, electron diamag-
unstable mode once the threshold is exceeded. Earlier, afgtic flow and ion finite Larmor radius, the criterion for a

tempts have been made to solve the linear eigenmode equgsy,st(ideal MHD-like) growth is greater than the Suydam's
tion for the localized ideal interchange mode in the context, . vion by almost a factor of 2

of stellarators and pinches using cylindrical modélghose . . . . .

Co . . This paper is organized as follows. Section Il describes
analysis indicated that the growth rate is exponentially smallh basi gel d for studving the localized ideal and
for D,>1/4 and that the mode can be easily stabilized b)} € basic model used for studying the locallzed ideal an

finite ion Larmor radius effects. However, in the presence of€sistive interchange instabilities. In Sec. Ill, the eigenvalue
plasma electrical resistivity, resistive—g or resistive inter-equation for the ideal interchange mode is solved both ana-

change modes become unstable > 0.7° The growth lytically and numerically. The resistive interchange instabil-
rate of the resistive interchange mode scalegag**D??® ity is discussed in Sec. IV. Finally, conclusions are presented
wherey is the resistivity. In the presence of electron diamag-in Sec. V.
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Il. BASIC MODEL 2 K2c2
Jd 9 vCs
. w(0—w4i)| =~k | — ¢
We consider a sheared slab model where the magnet X Rerp
field is locally represented by 2
R JY) Fa 6
. X z X TN ALY e T ©
B=Bg|| 1+ —|&,+ =&+ —&,|. )
Lg R. Ly Y 2/ 2
5 & X : o i T T | [P K0T
Here®,, &, ande, are unit vectors along, y andz, Lg | @~ @xe™ 15| 5oz =K || o=k =1 ¢, (7)

=(dInB/dx) ! is the scale-length of the perpendicular gra- ) ) )
dient of magnetic-field strength,(=B(dB,/dx)"* is the ~Where w,.=kyas/r, is the electron diamagnetic fre-
magnetic shear scale length are — 1/R; is the curvature JUENCY,w,i=—rTw, is the ion diamagnetic frequencg,
of the magnetic field. Herd,>0 represents good curvature =Cs/€2 is the ion Larmor radius at electron temperatiige
and R,<0 represents bad curvature. In equilibrium, the ra-Cs= VTe/m; is the sound speed/,=B/4mpy is the Al-
dial force balance equation givesl(P,+B2/8w)/dx fven speed,;=eB/mic is the ion gyrofrequencyr,
=BoB,/4mR,, which implies B/r,=1/R,—1/lLg. On the =|dInP/dX ! is the pressure gradient.scale-length and
other hand, in the direction parallel to the equilibrium mag-=Ti/Te. Here, we have dropped subscript 1 from the poten-
netic field, pressure is constant, i.§,Py=0. tial perturbationg¢).
To derive an eigenvalue equation for ideal and resistive

interchange instabilities, we consider a I@vplasmafi.e.,
B<1), which allows us to neglect the compressional com-j;. IDEAL INTERCHANGE INSTABILITY
ponent of magnetic-field perturbations. Thus, we can write
E, =-V ¢, andE,=—V ¢, — (1/c)dA,/t whereg, is the In_the abse_nce of _n(_)nideal effects_, i.e., resistivity, elec-
scalar potential perturbation an@,‘[z(,&l-é)MBl] is the trpn diamagnetic _and finite Lqrmor_radl(ELR) effects, the
parallel vector potential perturbation. We also assume thafi9envalue equation for the ideal interchange mode can be
the plasma is incompressiblge., V-V=0), which elimi- obtained by combining Eqg6) and (7)
nates sound wave coupling. Then, the linearized MHD equad ) Vf\ 2 > do
tions, in the presence of nonideal effects such as resistivitygy | | © — Fkyx ax
electron diamagnetic and ion finite Larmor radius, are s

c2 (Vi ¢z 1 )

C
Pm?

2 2 2,2
o+ —kéx
y

Rcrpo

2 Ry i) [P0 O

2
_ky

dt

d v, Vi 2
_+V*i'v)vi¢l
c . Y Here, we have assumed 1(x)=(1/r )(1—x*/L?). In the
+52BXVp(VInB+ E)+(B~V)(§) =0, (3)  small (or no) magnetic shear case, this eigenvalue equation
becomes a Weber equatithin the limit kyL>1, the mode
is always unstable for a magnetic hitlad curvaturgwith a
growth ratey= cS/\/RCrpo. This is a valid model for a mag-
2 A . netic mirrot>*3and an octopole with no magnetic shé‘é}r.
—+V, o V— —Vf) F”:_le_ av“pel, (4) 2On the other hang, in most. toroidal plagmas typically
IL5>(BIR:rp) (1k,L)“, magnetic shear dominates,(x)
=r,, and the eigenvalue equation can be written in the nor-

- c .
V1:§ZBXV¢1,

3=- v, Py vp (5) lized form:
I 4 LN g 1 0 malized torm:
whereJ,=(B-J;)/|B| is the parallel component of the cur- ix[(a,z_xz) g_i —[&2—X2+D,]$=0. 9)

rent perturbationy, .= — (cT./eB?)BX V In Py is the elec-
tron diamagnetic flow ant,;=(cT,/eB)BxV InP,is the ~ Here, we have defined a normalized distancek,x and

ion diamagnetic flow. The lowest order ion finite Larmor frequency o=w/(Va/Ly), D|E,3L§/(Rcrpo) and g
radius effects are derived by taking into account the gerESWPOIBZEcglvf\. The terms with coefficien®? arise
viscous part of ion stress tensor and they enter via diamagrom the divergence of the polarization currext, represents
netic flow effects in the polarization currefftThe electron the magnetic-field line bending terms brought about by mag-
diamagnetic and resistive effects are included by taking intaetic shear an®, is the combination of the pressure gradi-
account electron pressure and resistive terms in the paralleht and curvature effects which represents the source of free
Ohm'’s law. Here, an adiabatic equation of state is considerednergy. This equation can be derived from the standard screw
for both electrons and ions. The subscript 0 represents equpinch model, given by Eq(9.45 of Ref. 1, for an incom-
librium quantities while the subscript 1 represents linear perpressible or lowg plasma where the coupling to sound

turbations. waves is negligible.

With perturbations of the fornf(X,t)=f(x)exdi(ky We now solve the eigenvalue equation, E®), analyti-
—ot)], Vi=ik,(x)=ikx/Ls, Egs.(3)—(5) can be combined cally using a matched asymptotic analysis methb@he
into two coupled differential equations matching procedure is valid fgi»?|<1. Since the equation
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is symmetric inX, it is sufficient to solve this equation only
for X=0. In the outer region, i.e]X?|>|®?|, Eq. (9) be-
comes

d d
&(X2§)+(D,—X2)¢=0. (10

In the limit D,>X?, this equation is the same as that ana-

lyzed by Suydarh? from which he obtained the stability cri-
terionD,<1/4. WithZ=2X and¢= ¢/Z, Eq.(10) becomes

a Whittaker equatioh™'® The Whittaker function solution
for a growing mode, which decays &s—, is given by

¢O=AOM(2X)”‘U E+i>\,1+2i>\,2x . (1)
22X 2
where
A= D,—%, (12)

andU is Kummer’s confluent hypergeometric function.
In the inner region, i.e[X?|~|®?|, with Z=X?/®2 and
®%<1, Eq.(9) reduces to
d’¢ (1 3
azz* (5 - EZ)
which is a hypergeometric equati§whose general solution
is

=0,

2(1=2) dz 4

(13

$i=AF(a,a*;3:2)+BVZF(b,b*:3;2).

Herea=1/4+i\/2, b=3/4+i\/2 anda* andb* represent
complex conjugate of andb, respectively. The choice of
the coefficientsA;, B; depends on the parity condition 4t
=0. For even modes, the boundary conditionXat O is
d¢/dX=0, which demands thd;=0. For odd modes, the
boundary condition aK=0 is ¢=0, which ensures thaj;
=0. Here, we consider only the even mode solution becau
it is the most unstable mode.

Next, we match the innep; and the outekp, solutions
in their overlap region |K|~|®|). The inner limit of the
outer solution Eqg. (11) with X—0] is

2 2iN 1‘*+
]

T 1 (
AoV ﬁ(zxn sinh)m-r) 1+ T
(15

and the outer limit of the inner solutidiEq. (14) asX— ]

is
—52\ix
e
(16)
wherel’ . =T'(%i\). Matching the inner limit of the outer

(14)

‘ X\ ™
¢o 2) )
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FIG. 1. (a) Normalized growth ratéy,,,p versusD, shows the agreement
between the analytical resykhown by solid ling¢ and the numerical result
(represented by ). (b) Normalized growth rate on a log scale shows that
Yuup IS exponentially small well above the marginal stability condition
D,=1/4 (marked by arroy lon finite Larmor radius effects stabilize the
ideal interchange mode up t,~0.46 for kya;=0.04 andR./7r,=3

(shown by the dotted line

o M g (T20)
YMHD VAL, N ,
where O (|\|)=ard'(i|]\|)]+ard ['(1/4—i|\|/2)] is a func-
tion of |\| that asymptotes to zero as|—0. The above
expression indicates clearly that as marginal stability is ap-

03 04 05

(18

proached from the unstable regidd,— 1/4 (\|—0), the
normalized growth ratéyy p~exp(—m/|\|)—0. Thus, the
expression for the normalized growth rate gives a marginal
stability condition consistent with the Suydam criterfon.
Similar results have also been observed in Refs. 5 and 6 in
more complicated magnetic-field geometries.

Additionally, we have solved the full eigenvalue equa-
tion, Eq. (9), numerically using a shooting method with
boundary conditionsp=0 at X=«~ and d¢/dX=0 at X
=0. The analytical results agree very well with numerical
results foryyup<<1, as shown in Fig. 1. Figure 1 also shows
that the growth rate is still negligibleygyp<<0.03) even
when D, is almost twice the marginal stability condition
value(i.e., D,=1/4). For example, foD,=0.4, the normal-
ized growth rateyyyp=0.008. For large values d,, the
normalized growth raté,, p varies linearly withD, and is

solution to the outer limit of the inner solution results in the gpproximately given agyp=0.6(D,—0.46) for D,>0.5.

eigenvalue equation
—@%\™M? T(1+iN) T(1/4-iN/2)
4 T T(1-iN) D(14+in2)°

17

The corresponding eigenfunctions for different values
of D, are shown in Fig. 2 which indicates that the mode is
highly localized aroundX=0. The mode width is a few
times the normalized growth rafg,p and it increases with

This gives a purely growing mode with normalized growth increasingD, due to the strong increase o with D, (cf.

rate (Vpp=— )

Fig. ).

Downloaded 06 Mar 2007 to 128.104.198.190. Redistribution subject to AIP license or copyright, see http://pop.aip.org/pop/copyright.jsp



3398 Phys. Plasmas, Vol. 9, No. 8, August 2002 Gupta, Callen, and Hegna

15 : : . ; 250 0.25
0.8 | i J 200 | "Jo2
06} i\ y 10 1%

(|) 0K , -OW

100 | Jram—
041 % D, =03 ' '
50 | {0.05
0.2} .. D =045 1
\ . D=08 T 1 ol - 0
0 s e . 02 03 04 05 06 07 08 09 1
0 5 10 15 20 25 D
X/ YmHD

FIG. 3. The potential energy changesW (shown by dashed lineequired
to drive the instability is negligible even whé is well above the marginal
stability criterionD,=1/4 (marked by arrow while the change in kinetic
energydK (shown by solid lingis very large for smalD, .

FIG. 2. The eigenfunction versu$/yy.p shows the localization of the
mode neaiX=_0. Note that its width ¢ yyyp) in X increases with increas-
ing D, due to increasind/yp (cf. Fig. 1).

Since the mode width is very narrow for smal|, finite
ion Larmor radius(FLR) effects become important. Their

effect is included by taking into account the gyro-Viscous |\ cioble case ik, a,< Cyp - For example, withD, = 0.5,

Eart of |0r(11'strerLthenfsr,lor.t In t?e Ilrrklag 1, the Kt)'n ]flm'te ¢ the interchange mode is unstable even in the presence of
armor radius( ) effects enter as a diamagnetic flow ef- finite ion Larmor radius effects with ideal MHD growth rate

fect in the polarization term and the eigenmode equatmr%/MHDN0_04 andC~5. This means that,a < 0.2 is required

the finite ion Larmor radius as only the diamagnetic flow
effect in the polarization term, can be easily validated for the

becomes for the validity of our model at this marginal point, which is
d| , d¢ clearly satisfied in our cadef. Fig. 1.
ax| (@@= @) =X o

—[@(&—d,;)—X?+D,]¢=0. (199 Relation to the energy principle
Here, o, = w,;/(Va/Ly) is the normalized ion diamagnetic In order to relate the above results to those with the
frequency. In limit| (& — &,;)|<1, the dispersion relation ysual energy principle approach, we now obtain a quadratic
with ion FLR effects becomes form for an ideal interchange mode by multiplying E8) by

02— b, + ?fAHDZOa QAZS apg integrating oyex. For a purely growing mode, i.e.,
®=i%Yyup, We obtain
~ &’*i Wy

or w= 2 =+ T_’YMHD’ (20) 22

which indicates stability for - D|f|¢|2dx—fX2[|d¢/dX|2+|¢|2]dX

2rp\fA ~ 2ywmmp - TTIdeldX]2+[p[Z]dX
E?’MHD—

O%>4p  Or kyai>—— FTRL . . _ .
e Here, the numerator is the change in potential energy while

(21)
Ls

where ¥yunl = Ymun / (Va/Lg)] is given by Eq.(18) andc;  the denominator is the change in kinetic energy. The first
= {/T;/m; is the ion thermal speed. An example of FLR sta-term in the numerator is the free energy source term due to
bilization effects on the ideal interchange mode is shown irthe combination of pressure gradient and curvature effects
Fig. 1 by the dashed line. Here, FLR effects stabilize thewhile the second term is the stabilizing magnetic field line
ideal interchange mode fdd,~0.4—0.5 while for largeD, bending term. Figure 3 shows the variations#f (solid line)

they have negligible effect. Near marginal stability, modesand — W (dashed lingwith D, . It is clear from the figure
oscillate at the ion diamagnetic frequency, as indicated byhat for values ofD, close to marginal stability, i.e.D,

Eq. (20). =1/4, the change in kinetic energy is very large because the
The eigenmode function remains the same as that in theode is highly localized around=0 (cf. Fig. 2), while the
case of the ideal interchange mode and its mode width is potential energy released from the pressure gradient is very

few times that of the normalized growth rajg, for ideal ~ small; hence the normalized growth rétgyp is negligible.
interchange instability. Thus, we can write For largeD, , the released potential energy varies nearly qua-
AX=k Ax=CA dratically with D, while the change in kinetic energy is
y YMHD » nearly constant; this results in a linear variatiorjygf;p with
where C is always greater than {cf. Fig. 2. Thus, the D, and is approximately given &gynp=0.6(D,— 0.46) for
conditionk,a;~a; /Ax<1, in the above model for including D,>0.5.
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IV. RESISTIVE INTERCHANGE MODE In the presence of significant FLR and diamagnetic effects
with y<a, , the mode is purely growing with normalized

In the presence of plasma electrical resistivity, the NOrgrowth rate

malized coupled equations for the scalar potentigl and )

i vV,
the vector potential4,) are =1 Ocazs—llelw 1/s. 27)
o R O')2 . VA &2 *
(o+ 7, )| Zez = 1] =Dijd—0X-—| -7 —1]A=0, Note that this growth rate is on the slow time scale of the
(22 resistive equilibrium evolution of the plasma and is indepen-
dent of wave number:®
NP C (0—y) . -
Db, V| —or 1 AH=XV— Tqﬁ. (23 B. Highly resistive case
A

In the resistivity dominated case, i.62,A7>&— &, ,
lE'qu.(ZZ) and(23) can be combined into a Weber equation

D, )
It

(@t 10,)

Here, we have used the same normalization as before, pl
v, =K;(1c?4m)I(ValLs)=k’a%/S. The parametery, is ,
the normalized damping frequency due to plasma resistancﬂ+
S=r7,/7a is the Lundquist number;,=a%4m/(5c?) is the 272
resistive skin time across the plasma amg=Lg/V, is the
characteristic Alfva wave time. %

— D00+ T0y)

1/2
(6—ap) ) _22}‘1’:0 29
A. Weakly resistive case *
- . A where
In the weak resistive case with,d%/d*X~|&—a,| o s
<1, Egs.(22) and(23) can be Fourier transformed into the Z=( (0—@,) ) X

following second-order differential equation: —i ?/,7&)(&)+ T, )

d[ (a—a,)(1+k?) do In the limit ItD)I,>&)(gu+bT€o*), the dispersion relation for the
dk &>—&>*+i1‘/,7(1+k2) ak most unstable mode becomes
) o(&+70,)(0— b, )+iv,DI=0. (29)
+(Dy+d(@+ 70, )(1+k%)) =0, (24) o . .
In the absence of ion finite Larmor radius and electron dia-
where magnetic effects, the normalized growth rate of the resistive
- interchange mode is
5l — Xk
¢(k)—f_deé d(X). y= D|2/3;,}7/39<D|2/3s*1/3_ (30

Here, we obtain an analytical solution of the above equatiorp” the other hand, in the presence of ion finite Larmor radius

using a matched asymptotic method. This solution is vali®"d €lectron diamagnetic effects with<w, , the normal-
only for D,<1/4. In the regiork<1 with #,<#%, the solu- ized growth rate of the resistive interchange mode is
) <V

tion of the above equation is given by a hypergeometric |3|2;,77 D,

function. Its asymptotic form for largk is v (32)
*
¢~k VIA+BK 2], This result implies that in the presence of electron diamag-

netic flow and finite Larmor radius effects, the resistive in-
terchange mode grows on a slow time scale similar to that of
equilibrium and that it is also independent of the wave num-
ber, similar to Refs. 7-9.

O(O+ 70, ) (0~ 0y) |- We have also solved Eq&22) and(23) numerically for
1+ 5 z°1¢=0, different values ofD, and S. Figure 4 shows that in the

K (25) presence of resistivity, the interchange mode gets destabi-

. S o lized for D,>0. Enhancement of the growth rate is observed
with z= i, /(&+ 7@, )k. Its solution is with decreasingS=1/7 and this effect is more prominent at
small D,. For smallD,, the growth rate varies a8 3,
similar to the analytical result given by Eq26) or (30) and
ForD,<1/4, ais a real positive number lying between 0 andis shown by the dashed lines in Fig. 4. For laie, the
1. Matching the inner and outer solutions, the correspondingrowth rate is approximately the same as that for the ideal
dispersion relation becomes interchange instabilityshown by the solid ling In Fig. 5,
we show that the electron diamagnetic and ion finite Larmor
radius effects have a stabilizing effect on the resistive inter-

In the absence of electron diamagnetic and ion finite Larmoghange mode foS=10" and k,a;=0.02. The normalized

where §=i\ [\ is defined in Eq.(12)] is a real positive
number for D,<1/4. For the outer region withk~ (&
—a,)/7,, Eq.(24) becomes
d
dz

22 do
1+22 dz

d=z"expaz?2); a=i-i\.

DD+ 70, ) (20— 0, ) +iv,a?=0.

radius effects, the growth rate for modes width< 1/4 is growth rate is significantly reduced for smab, (D,
. a1 203 e 1/3 =<0.4), while it has little or no effect for larg®,(=0.5),
Y=y a" o (kya) TS (26)  especially for Lundquist numbeg= 1CP.
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X=0 (cf. Fig. 2, while the potential energy released from
the pressure gradient is very small; hence the normalized
growth rateyyyp is negligibly small. For largd, , the re-
leased potential energy varies quadratically with, while

the change in kinetic energy is nearly constant. This results
in a linear variation ofyyyp with D, and is approximately
given asyyup=0.6(D,—0.46) forD,>0.5. Due to the sta-
bilizing effect of ion finite Larmor radius effects, the effec-
tive stability criterion for localized interchange instability
with a robust MHD-like growth rate appears to
=<0.4-0.5, not the Suydam criterid <1/4.

In the presence of the resistivity, resistive interchange
instability gets destabilized fdp,> 0. In the weak resistivity
o _ . case @~7,/A;>7,), the normalized growth rate i§

FIG. 4. In the presence of resistivity, the growth rate increases with decreasi[kya]zmsf 13 \while in the resistivity-dominated case (

ing Lundquist numberS as shown by+ (for S=10°) and X (for S PR . ol3e1/3
=10°). Here, the solid line represents the growth rate for the ideal inter-< VWAL)' It is g|v9n b_y Y= (kyD') S The growth rate
change mode and the dashed line represents the analytical result given B these modes is significantly reduced in the presence of
Eg. (30). For smallD, (<0.4), the growth rate is similar to that of the electron diamagnetic and ion finite Larmor radif4.R) ef-
resistive interchange instabilittas shown by dashed lineshowever, for fects. Our analysis clearly shows that the nonideal effects
large D, resistivity has a negligible effect on the ideal mode, particularly assuch as resistivity electron diamagnetic and ion FLR effects
S increases. . ’
have a major effect only for smdll;(<0.4). In the presence
of electron diamagnetic flow and ion finite Larmor radius
V. CONCLUSIONS (FLR) effects, the growth rate of the resistive interchange
) ) . ) ] instability is proportional to resistivityz). It means that the
In this paper, we have investigated the linear eigenmodeg,oge grows very slowly, on the resistive equilibrium evolu-
for localized ideal and resistive interchange modes in §j5n time scale. For larg®,(=0.5), the normalized growth
simple sheared_ slab ge_(_)metry. For th_e ideal interchandgyie is similar to that of an ideal interchange Mogyp -
mode, a marginal stability boundary is observed It  Tpys we conclude that even in the presence of resistivity, the

=1/4, which is in agreement with the Suydam c_rit_er’rc?n. normalized growth rate of the interchange mode is negligible
However, this stability boundary is not a very restrictive con-|yge toD, = 1/4 due to the stabilizing effect of electron dia-

dition due to an exponentially small growth rate for values of i agnetic flow and ion finite Larmor radius effects. Hence,
D, well above the marginal stability condition. Since the ity or without the nonideal effects such as resistivity, elec-
ideal MHD growth rate is small, the interchange mode canyqn diamagnetic and ion finite Larmor radius effects, the
be easily stabilized by the finite ion Larmor radius effects. Agffactive criterion for robust ideal MHD instability 3o
connection between these results and the energy principl§0_03) isD,=0.5, a factor of about two greater than Suy-
approach is made by using a quadratic form for the idealzms instability criterion D,>1/4).
interchange mode. This analysis indicates thaCfpclose to Despite the long standing expectations that the Mercier
the marginal stability condition, the change in kinetic energycriterion defines an operational limit for toroidal devices,
is very large because the mode is highly localized arounghere has been no definitive experimental evidence to support
this. Indeed, indications from Stellarator experiments show
that there is no observed degradation in the plasma properties
/ when operated in regimes whebg>1/4.1" The calculations
/ presented in this work offer a possible explanation. As sug-

0.2

gested here, it would be of interest to compare experimental
operation a®D, transitions from marginal stability to higher
values 0,=0.45), where more virulent instability is indi-
01 f ] cated.
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