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ABSTRACT-
It has been understood that thermonuclear plasma confinement and behaviour of the plasma was 
mostly depend upon the magnetic surfaces on which the confining magnetic field and the 
plasma current he. However magnetic surfaces are not stable and prone to the 
magnetohydrodynamic(MHD) stabilities and reconnection and finaly they lead to the magnetic 
island formation. Resistive magnetohydrodynamics and instabilities are reviewed both 
experimentally and theoretically, among them; tearing mode and mode locking phenomena, 
topological relaxation (sawteeth oscillation), magnetic island overlap and plasma minor and 
major distruption.are investigated. The tearing mode growth rate are determined. Magnetic field 
reconncection on the rational surfaces and magnetic island formation, magnetic island growth 
rate and plasma confinement relation and energy confinemenet degradation are emphasized: 
The island width and island evaluation equations are derived. Performance limitation and MHD 
activities and mode structure m=0,n=0,m=l,n=l and their sidebands and overlap are reviwed. 
Plasma distruptive phenomena with up to date experiments are presented.
1 INTRODUCTION

Plasmas are classified in terms of resistivity t|, if g—>°<=,r|—>0 and MHD is called ideal MHD, if 
resistivity is finite, called RESISTIVE MHD. Thermonuclear plasmas 
T > 10keV,n = 1019cm-3,B  = 2 — 3T are confined in a Toroidal Vacuum Chamber 
(TOKAMAK) by balancing the plasma kinetic pressure with the magnetik pressure and the 
efficiency of the plasma confinement is measured by the ratio of them and called the plasma 
beta(|3). The poloidal field is much smaller than toroidal field.From Ohm's law and resistivity 
current and temperature profile can be deduced:poloidal cross section and follow the field line 
while it penetrates into this surface. If field line comes to on itself after m-times around the torus 
and n-times the poloidal transit we denote that q-value or safety factor and is given as q=m/n on 
mode rational surfaces.
2.THE RESISTIVE MAGNETOHYDRODYNAMIC EQUATIONS
As we pointed out the ideal model of the plasma is to solve the ideal MHD and Maxwell 
electromagnetic equation, imple case is the electrostatic modes and incompressible mode:

E = - V f  V . V  = 0 ^  = - V . V p m- V c K V x B  = 0 ^ V 1 = ^  (1)
ot B
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The perturbation of equilibrium in a magnetized plasma with perturbed quantities:

p m ^  P m0 +  p, V  ^  V , B ^  B 0, J  ^  J 0 +  Jp ^  p 0 +  p, 0 ^  ~ (2)
With Linearization procedure , we obtain the linearized ideal electrostatic MHD equations:

density con.: =  - V  •  Vp m0,M om . den. : p m0 ^  = J x  B 0 - V p - p mVG

E nergy con. :p  = ( r P 0 / pm0)Pm> V ± =
B 0 x V 0

_ B

(3)

The strategy here extract the perturbed current component and use them in the quasi neutrality 
condition. The Resistive Ohm's Law is the cause of magnetic reconnection: Combining the 
Faraday induction Law and Resistive Ohm's Law[1]. Magnetic convection and magnetic 
difusion are competing with their time scale:

A lfvenic (convective) tTA = —— [p sec], diffusion t TR = a 2 / ( n / p 0) [m s e c ] (4)

The ratio of two is called the magnetic Reynlds or Lundquist number:

S
V x  ( V  x  B 0

n
p 0

V 2b

R a / ( n  / p 0) ^  Convection
a /  V. D iffusion

(5)

Since this number is large for conventional tokamaks the , resistivity is effective on the rational 
surfaces(i.e q=m/n): the model is conceptualized for shear slab. We obtain the paralel wave 
number:

n B * m B 0 B 0
k TT = -------- -- --------- ,safety  factor q = R —

11 R B  r B J B 0

With magnetic shear and shear length:

1 dq L R q(rs) , mx
s =  ^ - , L s = R ^ r ,x  = r -  rs, k n = ~ r

q dr s(rs) r L s

Sheared slab model is represented with :

k 0 x m
——  k = —  
L s ’ 0 r

B = B 0(Z +  y LL ) ^  k TT (x) =  k •  B = ( k yy +  k zz) •  B , B 0( k z +  L ^ y )
- ŝ - ŝ

(6)

(7)

(8)

The resistive layer thickness can be estimated by scaling the gradient terms as

follows: va k ys2 n 1

Y L s " P 0 82
(Y1 a ) /  T N2f

v a ;
1 2 2 

Vk .'a J
The resistive plasma equations with Ohm's Law and perpendicular current:

(9)

e  x  v  x  b  =  n  ttj tt, n ± ^  0 (10)

A

r
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-  1 -  -  Ğ V  -
J ± = —f B  X (Vp +  p m —— +  pmV G ) diamagnetic+polarization 

B dt
The electric and magnetic field are written in terms of the vector potential:
r  -  dA r  r  r
E = - V 0 - — , B = V x  A  ^  V 2A  = - p 0j

Chose oscillation only perpendicular direction:

A z = A z0 +  A z ^  B ± = z X V A z

With ro<<rop, k^D<<1,quasineutrality p^0,slow waves ro/ck<<0

-  r  d A r - r  -  -  -  -
E = - V 0 -  —  ,B  = V x  A ,- V  2A  = |i  0J , V .  J  = 0 

dt

d A z 30 A
Ohm's Law can be converted into:------= -  —  -  n J TT +  E TT

dt dz 1 TT TT

(12)

(13)

(14)

(15)

(11)

3.RESTSTTVE MHD TNSTABTLTTTES
Resistive MHD instabilities are based upon magnetic reconnection of magnetic surfaces. They 
are grouped into different modes for their driving forces,such as resistive-g mode,rippling mode 
and tearing mode. Beyond that mode coupling , mode locking and sawtooth oscillation are 
major causes of plasma confinement degradation and/or even distruption.
Resistive g-mode :The driving force of this mode is the radial pressure gradient. Perturbation can 
be modelled and perturbed velocity and pressure extracted:
Upon substitution perturbed pressure and current equation into quasineutrality equation one can 
obtain(G^LnB0)

. /

B 02
JL -  k 2 J _ ± _  +  k X -
dx2 k y J iron +  L2s

2k2 dPo dG 
ro2B 2 dx dx

0 (x)  = 0 (16)

d 20,
The solution of this equation with the asumption: 2—2  ))k 20 and by de-dimensionalize with

dx y

: X = ^ - , S r =
S R

Y1 al 2.
1/4 2

d20 + " 2k , SR dp0 dG

Sk2 ’ dX 2 + -ro  2P m0 dx dx
- X 2 0 = 0

This leads to ,with the lowest order eigen value n=0, the growth rate and witdh

1 =
2 k yS R dP o dG  =

( - r o 2pm) dx d x YTa =  S 1/3(YHTA)

( k , L . r  s ,
11/3 _ y-4/3 ’ L

( Y H T A )
1/3

S 1 (kyL.)

(17)

(18)

Rippling Mode: This is temperature i.e. resistivity perturbation. Then Ohm's law is written in 
terms of resistivity perturbation and current density is extracted:

-  -  ~ ~ ~ ~ ( b0 • V  ) 0 n
- ( b0 . V )0 - n 0 J „ - n J „0 =  0 , J „ = -  0 ' - n - J .T

n 0 n 0
(19)

m
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The quasineutrality equation without pressure gradient and under the same assumption 
Then our differential equation :

P m0
B2 dx2

+
1 ky 2 , k y J iio 1 d n ox +

iron  L s ro no B o dx

d2$

$ = 0

Thedimensionless form : + [— X 2 + XA]$ = 0, A = k y8 R
on A

\ 2 2a
L 2

1 L s J

8 R d n 0
no dx

Shifting the origion from X=0 toX=A/2 and redefineX-A/2 AS X

d 2 $ 

d X 2
2 A A2 a 2 

-  x 2 +  x a - — + —

The growing rate : YT A =

4 4

(M  )

$ = 0,
d 2 $ 

dX2
+

a 2
- x $ = 0, 2n + 1  = —  

4

2/5

S 3/5(l s /  a )

a dn 0 
n 0 dx [4(2n  + 1)]4

(21)

(22)

(23)

(20)

Tearing mode: The driving force for free energy of this mode is the current density 
gradient(dJ/dr). The perturbation has perpendicular magnetic field component the potantiel 
perturbation and vector potential.

~  ~  ~  x2
$ = $ , A z = A z0 +  A z0, A z0 =  -  d ^ B 0’p = p 0 +  P (24)

The magnetic perturbation and current densitycan be written in terms of the vector potential:!

r  i k yx ~  iro ~  ~  r  ~
J =  -------- $ +  —  A z,B  , = - z x V A z = - z x

n oL.  n o z 1 z

3 A _  3A,  
x + ■

3x dy
ik A  x -  dAz

, i k yAzx 3x
y (25)

Upon insertion of current density and magnetic field and seperate the two potentiels on each 
side the equation, one can obtain:

2 2
iro

A' =

Pm0 d2$ k yx

B o2 dx2 n L
$ = - roky x -  ik ^ d J n  ̂

noL s b o dx j

[ dA z 1 dAz dAz

dx dx x )  0 dx x< 0 1

length

Unstability condition : A') 0, growth rate: y t i
)

no

M- 0
l V  

4 /5  (ky a)
S3/5(L. / a)2

(27)

8 R (  A'aresistive layer width: —  = I —j—
L.a
Sky a

(26)

1

z

z z
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4.EXPERIMENT: MAGNETIC ISLAND FORMATION
Magnetic reconnection and tearing mode plays the causal role of the internal distruption, which 
is q=m/n=1/1, Mirnow oscillation which is q=m/n=2/1,3/1,..., and major distruption which is the 
coupling of 2/1 and 3/2 modes on the mode rational surfaces. The formation of magnetic islands 
on the magnetic surfaces progress from kinks of the surfaces, then tearing of the surfaces and 
low order of magnetic islands are formed; as a consequence energy confinement is reduced even 
loss of confinement, i.e distruption, such as m/n=2/1.
Mirnov oscillations: this is m/n=2/1 tearing mode during the steady state of the discharge. The 
magnetic island widh and growing rate can be found as follows:

W  = 4,
B r dW  nrmn smn 11

„  , , . =  — [ A ' ( W ) - a W ]
B 0 nq dt | l 0 L J

(28)

Sawtooth oscillations: This can be atributed m/n=1/1 tearing mode and formation of magnetic 
island and its grow. In the central region magnetic fields reconnect, the hot core region displaces 
the cold edge region and electron temperature starts to oscillate. This is the case when q-value 
drops below 1 in the core. This can be observed by soft X-ray emission from the core.
Double tearing mode: This occurs during the initial phase of the discharge,i.e in the progress of 
current penetration. Tearing mode is observed at two different radial position,that is at two 
different rational surfaces.

Major distruption:As we saw above the resistive modes are the nonlinear growth of island on 
the rational surfaces m/n=1/1,2/1,3/2,... with the perturbation modelled by exp(im0-inç) 
depending on the current J(r) and safety factor profile q(r). Among those the major 
distruption,i.e loss of confinement/ or current of the discharge, is the overlap of the 2/1 and 3/2 
magnetic islands. The criterion for that:

W =
B r
Beq7) d,island separation ^  magnetic field , stochastictiy ^  negative voltage spikes ^  J(r)

current loss

5.CONCLUSION
Utilization of Thermonuclear power is close to final stage, as long as resistive instabilites are 
under control. The stabilization and control of these instabilities require more research 
dominantly more experiment which comply fusion condition. This is the current obstacle which 
should be resolved.The sawtooth oscillation and control will come next.
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