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Ab.tclIet, Exact axi synrnet ri c t oroidal equilibria lire calculat.ed. 

They depend on a single parameter the value ~f whi ch ia deter­

mined by ~~ lit the magnet ic IIxia, the torus radiuII and the catio 

ofaxh! to radial extensio n of the plasma cr00 8 section . The equi­

librium lI atisfies the neceBallry Mercier criterion for local a ta­

b ility. } 

Within the ideal MHD theory a class o f IIxisyn.rtetric t oroidal 

equilibria has been calculated Which lice characteriz ed as follows , 

t he toroidlll and the p ol o i dll l current densities va ry over the plas­

ma c r oss s ection, IInd the axis rat io o f the el ongllted p1~sma c r o ss 

section s h ould be large (approximately 15) . Thereby it ls possible 

to increase the poloidal magnetic field considerably while the to­

roi dal current remains belOW the Kruskal -Shafranov limit / 1,2 / . 

As.uming symmetry in Q)-direction and symrr..etry with respect to the 

torus mid plane (z • 0), the magnetic field atrength ii ... nd the 

curr e nt denaity j lire given by (cyli ndrical coordinates r, fP, Z 

are used) 

THEORY 

the belt thickness for a given vslue of !l1lI or to limit ~Q) if the 

height and thickness o f the belt and the torus radius are fixed. 

Furthermore , it turns out t hat in the region near the plasma s ur_ 

face the pressure equilibrium is essentially determined by the 

poloidal currents, and in the c entral region by the toroidal 

cu rrents . This equilibrium satisfie s the necessary Mercier-cri­

teri on / 3/ in the Whole pla sma region. 
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whe r e the s tream functi o n T satisfies t h e differential equation 
r 2 2 r 2 
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p (T) and I (T) are arbitra ry functio ns of ,. alone, ro is the geome ­

tric~l centre of the pl as ma crosa a ection. Sinc e the height and 

the thickness of the pla s ma belt~e very differ ent. one ha. to 

scale z and r in the following way: Z • rox, r . ~1/2 / .. . The 

scaling factor .. i s a measure of the belt thickness and is given 

by .. _ t ( 11.1/2 • ,,_1 /2J , where ".' ,,_, and "2 determine the inner 

and outer plasma edge in the torus mid-plane and t he magne ti c a xis. 

The other quantities a re vritten i n a nondimensional form as follows: 

T - '0" p - PoP(·) , I - l o~;) ' Po is the plasma pr •• sure st the 

magne tic axis, YI and T2 are the values of Y at the p la sma bound­

ar~ and at the magneti c axis, reap., To and 1 0 are r e l ated t o the 

maximum poloidal and toroidal magnet ic fields in the t o ru s mid­

plane. I f one chooses p CY) ana I (;) in the form 

pC;) (,2 _ ' 12 ) / C;/ ' 1
2

) , b - 8'1) (X"'O, O2 ) /8'1) (x - O, "+)' " ) 

ICt) " , (,2 _ 
' 1

2
) / (,/ - "1 21 ] 

1/2 
-(l-(l--b) (4 ) 

'. 
then one has the situati o n t hat the toroida1 curr e nt density va_ 

ries across the plasma and hss its maximum value at the magnetic 

axis , that the poloidal current density has a marked ma ximum near­

by the plasma surface, and th a t the plasma pressure decreases 

fa s ter to the outer edge of the t orus than to the inner edge. 

Under these assumptions the general solution of (2) can be given 

immediate ly. A p a rticular .olution reads Cv constsnt of s eparation 

r e lated to the height of the belt) 

........ . PO (PI .v <>ati<>fi e<> the Coulomb w"ve e qu"tion 

Po • (1 - ~) Fo - O. 

(5) 

,6) 
The . o l utions of (6) are known and depend on a parameter ~ which 

is related to the physical quantiti e s of the configuratio n by 

~ - "+ (1 _~b2 )/ 2!1r,) + i /a .. 2 , !I'll- 2I1c1'O/ BQ)2 (x-O , "+ ) , (1) 

Po r the Garching belt pinch experiment a typical n-value is n _ 10. 

One can see that a particular choice of n describes s class of equi­

libria all of which a r e produced by changing !lIlI ' 11+, V,"' in such 

a manner that ~ remains unchanged . The same formula may also describe 

a set of equilibrium stages whi ch occur during the experiment s ince 

the experiMental conditions change slowly in time and the m~gnetic 

fi e ld at the magnetic axis increases . The numerical e valu a tion of 

(1) has been carried out for several parameter values. Sincs the 

toroidal current density is proportional to - , 
jfl) - -fn [2n - i;:2 - oJ, , 
it changes the direction acro s s the plasma where the brackst of 

(a) changes the sign. In order to avoid this one has to reduce 

'B) 
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