
28 MHD 

On the Stability of HeUcally Symmetric 

t - 2 and t· ) Equillbria 

by 

E . Rebhlln 

Max-Planck-ln.tltut fUr Plasma­

Physik, Garching b . MUnchen (Westgermany) 

Abstract: A sufficient stability criterion 1s applied to 

he11cII1 i. • 2 and t· 3 equillbria in the neighbourhood 

of the magnetic axis. While ( -2 configurations violate this 

criterion,!· ) configurations are stable if a properly defined 

loc~l a 1& small enough. Rough estimates for a non local criti­

cal B yield"" 10 "~I 

We consider hellcally symmetric mllqnetohydrodynamic equl1ibrill. 

All equilibriWl'l quantities depend on sand ..... 'f .. klonly, where 

s." ~ are cylindrical coordinates. The magnetic surfaces 

are F ("u) _ conlt,/ the pressure 1s p(f'J and the magnetic 

field is 

(1) 

The following stability criterion, derived in [lJ. is applied 

it, 
where 

A " ) 
( i .. ~·.'r' 

'" s (F': F., _ 1. F ... r. 1=' ...... Fi ·r~ .. J/{~ '"I I-rll) ... [ I.,~': F.Js· .. ~ F,i/ 11 il<::Fl l 

x .. 5 :<i I;:: 0'';1'1 -.' , VI'"I , , 

p'''''' 
0> • X· · .i ",-lw.o;1fr!/,,"I:A 

·~o" .. 
11 ne cessary con4ition for (2) t o be sotisfied is jz • 0 on the 

magnetic axiS S • 0 [11. Wi th allowance for this restriction 

the usua~ eXPllnsion technique is employed: 

of .. ~ . .. {. ~ • t. ~' .. - " r' - ~ . . , , f' 'I" .. p. ~ 

To lowest order one obtains fo r (A) 

o~ 1..!.:...L. . ( ( L • ) 

to" F ~ 

where , determines th. ellipUcity of th. surfaces : 

F. 
H, , ~ ~ ( 1 • ~ ",,2.\.1 ) 

We are interested only in decajing pressure I" ~ t". 

«) 

<r) 

lO! 

hence it follows frorn the equality (5) that (1<) "" O. Since the 

right-hand side of (2) is ", , the criterion can only 

be fulfilled with L • 0 • This rneans that t· 1. configurations 

40 not satisfy the criterion. 

With t. 0 the equilibrium equations yield up to third order 

F' • ti,' , 
With this one obtains 

(ft.) ,. j<J .. '/k'f.' - 'J,a..'((~ ,.\- .. Jtq'1'/(i(?~)! 

), .. r~ +" ~·f' ... /,' 
The right-han4 side of (1.) turn! out to be of the order fi' 
and thus (A} <.0 is al ready lIufficient for stability. 

Minimizing (A> With rellpect to J, yields the crIterIon 

- f· < 2.,,'/ kl/~ 

Defining a local , by 1'- a Cp'-,) It ~:/L I givell 

ft, < 4',' I,' 1. t. ,' 
Here a measures the derIvation from the circular shape and 

J. is the field s tength on the magnetIc axis. 

(, ) 

(J' 

l' ) 

tH') 

A rough extrapolation of formula (10) to plasmas with finite 

extent from the magnetic axiS y ields for the non local B values 

of the order of mll9nitude of 10 \. 

(11 D.Lortz. E.Rebhen, G.Spies , Nucl.Fudon!!, (1971) SS) 
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